MASTER  NEGATIVE 

NO.  93-81257 


MICROFILMED  1993 
COLUMBIA  UNIVERSITY  LIBRARIES/NEW  YORK 


as  part  of  the 
"Foundations  of  Western  Civilization  Preservation  Project 


Funded  by  the 
NATIONAL  ENDOWMENT  FOR  THE  HUMANITIES 


Reproductions  may  not  be  made  without  permission  from 

Columbia  University  Library 


COPYRIGHT  STATEMENT 


The  copyright  law  of  the  United  States  -  Title  17,  United 
States  Code  -  concerns  the  making  of  photocopies  or 
other  reproductions  of  copyrighted  material. 

* 

Under  certain  conditions  specified  in  the  law,  libraries  and 
archives  are  authorized  to  furnish  a  photocopy  or  other 
reproduction.  One  of  these  specified  conditions  is  that  the 
photocopy  or  other  reproduction  is  not  to  be  "used  for  any 
purpose  other  than  private  study,  scholarship,  or 
research."  If  a  user  makes  a  request  for,  or  later  uses,  a 
photocopy  or  reproduction  for  purposes  in  excess  of  "fair 
use,"  that  user  may  be  liable  for  copyright  infringement. 

This  institution  reserves  the  right  to  refuse  to  accept  a 
copy  order  if,  in  its  judgement,  fulfillment  of  the  order 
would  involve  violation  of  the  copyright  law. 


A  UTHOR: 


MERZ,  JOHN  THEODORE 


TITLE: 


HISTORY  OF 
EUROPEAN  THOUGHT 


PLA  CE: 


EDINBURGH 


DA  TE: 


1907-1914 


COLUMBIA  UNIVERSITY  LIBRARIES 
PRESERVATION  DEPARTMENT 


Master  Negative  # 

:'3^K}§y. 


Restrictions  on  Use: 


BIBLIOGRAPHIC  MICROFORM  TARGET 


Original  Material  as  Filmed  -  Existing  Bibliographic  Record 


io<- 


D040.9 


.  i  H  '  KM  -V  - 1  **.  ,.•  -►<•  -  . .  .y  •tf.*'?  1n-V>.4.>aftUMi 


Merz,  John  Theodore,  1840-1922. 

A  history  of  Euiopean  thought  in  the  nineteenth  century, 
by  John  Theodore  Merz  ...  Edinburgh  and  London,  W. 
Blackwood  and  sons, 4003-14:  If '07-14. 

4  V.    21  cm. 

Vol.  1  :;2<I  unaltered  edition,  i»04:  1^'07  . 

Contents.  —  pt.  I.  Scientific  thought.  2  v.  —  pt.  II.  Philosophical 
thought,  2  V. 

Copy  in   bur{;:or3S.--1907-14.— 4  V. 

1.  rhilosophy,  Modern-4ji8tT    2.  Science— Hist.       i.  Title. 

~~  "~  CONTINUED  ON  NEXT  CAPD 

4—18071 


B803.M5 

X-^Kmofv   nf  Puincrrpsui ^ i55tlL. 


C/l  f 


—  J 


TECHNICAL  MICROFORM  DATA 


FILM     SIZE:^_^_v^_vv,__ 

IMAGE  PLACEMENT:    lA  (jIAJ  IB     IIB 

DATE     FILMED:__OU/!055j12j 


REDUCTION     RATI0:__II/_ 
INITIALS      t2rv^^'^ 


RLMED  BY:    RESEARCH  PUBLICATIONS.  INC  VVOODBRIDGE,  CT 


GUIDE  TO  CONTENTS 

for 
A  fflSTORY  OF  EUROPEAN  THOUGHT  IN  THE  NINETEENTH  CENTURY 


REEL        MASTER  NEGATIVE  # 


DATE 


VOLUME 


93-81257 


1907-1914 


V.  1-2 


93-81258 


1907-1914 


V.  3-4 


REEL  1  of  2 


VOLUMES 


1 


2 


%. 


^ 


D 


Association  for  Information  and  image  Management 

1100  Wayne  Avenue,  Suite  1100 
Silver  Spring,  Maryland  20910 

301/587-8202 


Centimeter 

1         2        3 

ml 


iiiiiiiinin 


Inches 


T 

1 


m 


4         5         6 

iiiliinliiiiliiiiliiiiliiil 


8 


T  I   I 


iiiliiiiliiiilniiliiiiliiiil 


10       11        12       13       14       15    mm 

liiiiliiiiliiiiliiiiliiiili 


IT  I 


llllillllMllllllll 


I 


TTT 


1.0 

I&3 
Bibis, 

1.4 

2.5 
2.2 

2.0 
1.8 

1.6 

I.I 

1.25 

mfm] 


MRNUFflCTURED   TO   nilM   STflNDflRDS 
BY   fiPPLIED   IMRGEp     INC. 


•  ^■. 


■^ 


^^'-ETBENiyiVENDl^- 


DISCIPHINAM 


r-^ 


(<talttwhm9in\r^t56% 


# 


•d 


I 


EUROPEAN  THOUGHT  IN  THE  NINETEENTH 

CENTURY 


t,  : 


n 


i 


TotovTos  ovv  fJLOL  6  (rvyypa<t>€v^  cotw,  .  .  . 

— LUCIAN. 


'  1 


A   HISTORY 


OF 


EUEOPEAN     THOUGHT 


IN    THE 


NINETEENTH   CENTUEY 


BY 


•  JOHN 


i »       d 


THEODORE:  MEEZ 

'♦I 


a       9     t 

»    - 


■ 

«       »  , 


>  •  » 

i 
'111        I       f  %'    «■ 


••      •  • 


:  .  .•yak,  I '' 


THIRD   UNALTERED  EDITION 


WILLIAM    BLACKWOOD    AND    SONS 

EDINBURGH    AND    LONDON 
MCMVII 


All  Rights  reserved 


f 


3- 


"» 


y 


\)     I  0  3  »  j3 

V.I 


•  • 


•  *  •  •   • 
•  •  •  •    »      < 


•  •     •   •  I    •  •  I 


•  • 


i  •        •         »    •   > 


"4(1 


«L> 


('C 


VV 


1* 


PEEFACE. 


As  the  plan  of  this  work  is  fully  given  in  the  Introduction, 
only  a  few  points,  chiefly  of  a  personal  character,  remain  to 
be  touched  on  here. 

The  first  refers  to  the  motive  which  led  me  to  a  course 
of  studies,  extending  over  more  than  thirty  years,  of  which 
this  book  is  the  outcome. 

The  object  of  the  book  is  philosophical,  in  the  sense  now 
accepted  by  many  and  by  divergent  schools — i.e.,  it  desires 
to  contribute  something  towards  a  unification  of  thought. 
When  ito  the  beginning  of  my  philosophical  studies  I  be- 
came convinced  that  this  is  the  task  of  philosophy,  I  felt 
the  necessity  of  making  myself  acquainted,  at  first  hand, 
with  the  many  trains  of  reasoning  by  which,  in  the 
separate  domains  of  science,  of  practical  and  of  individual 
thought,  such  a  unification  has  been  partially  and  success- 
fully attempted.  Such  a  survey  seemed  to  me  indispens- 
able. The  possession  of  a  map  showing  the  many  lines  of 
thought  which  our  age  has  cultivated  seemed  to  me  the 
first    requisite,    the    basis    from    which    a    more    complete 
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unification  would  have  to  start.  The  following  pages 
contain  the  result  of  this  survey.  Like  every  survey,  it 
can  claim  to  be  merely  an  approximation.  It  gives  outlines 
which  closer  scrutiny  will  have  to  correct  and  fill  up. 

My  original  intention  was  to  complete  this  survey  in 
three  volumes,  corresponding  to  the  three  divisions  of  the 
subject  set  out  in  the  Introduction. 

Some  of  my  friends,  who  desired  that  the  publication 
of  the  book  should  not  be  unduly  delayed,  considered  that 
the  Introduction  and  the  earlier  chapters  of  the  work  would 
give  something  intelligible  in  themselves,  and  urged  the 
advantage  of  smaller  volumed.  I  therefore  decided  to  com- 
plete the  first  part  of  the  history,  which  deals  with  scientific 
thought,  in  two  volumes  instead  of  in  one. 

For  the  information  of  my  readers,  I  mention  here  that: 
the  two  last  chapters  of  this  volume,  which  treat  of  thq 
astronomical  and  of  the  atomic  views  of  Nature,  will  b( 
followed  in   the   second   volume    by    similar    chapters    oi 
the  mechanical,  the  physical,  the  biological,  the  statistical^ 
and  the  psychophysical  views  of  Nature,  and  that  it  is  m; 
intention  to  close  the  first  part  of  my  subject  by  an  attempt 
to  trace  concisely  the  development  of  mathematical  thought 
in  this  century. 

My  thanks  are  due  to  many  friends  who  have  supported 
me  with  assistance  and  encouragement. 

I  consider  myself  fortunate  in  having  secured  for  the 
revision  of  the  whole  volume  the  invaluable  aid  of  Mi 
Thomas  Whittaker,  B.A.,  whose  profound  erudition,  know- 
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ledge  of  ancient  and  modern  literature,  and  great  editorial 
experience,  were  well  known  to  my  late  friend  Professor 
Groom  Eobertson,  during  his  successful  editorship  of  the 
first  series  of  'Mind,* 

Mr  S.  Oliver  Eoberts,  M.A.,  of  the  Merchant  Taylors' 
School,  has  kindly  read  over  the  fourth,  and  Professor 
Phillips  Bedson,  of  the  Durham  College  of  Science  of  this 
city,  the  last,  chapter  of  this  volume.  The  Introduction  has 
greatly  benefited  by  a  thorough  revision  by  my  brother- 
in-law,  Dr  Spence  Watson,  a  master  of  the  English  language. 

I  must  also  thank  him  and  Dr  Thomas  Hodgkin  for 
having  given  me  what  I  value  as  much  as  assistance— 
namely,  encouragement. 

One  indeed  to  whom  I  am  in  this  respect  more  indebted, 
perhaps,  than  to  any  one  else — whom  to  have  known  has 
meant,  for  many,  a  revelation  of  the  power  of  mind  and 
the  reality  of  spirit — is  no  more:  Ernst  Curtius.  While 
I  was  writing  the  last  pages  of  this  volume,  in  which  he 
took  a  warm  interest,  the  tidings  arrived  that  he  had  passed 
away.  But  she  who  was  nearest  and  dearest  to  him  is 
still  with  us — a  true  priestess  of  the  higher  life,  who  has 
kept  burning  in  the  soul  of  many  a  youthful  friend  the 
spiritual  fire  when  it  was  in  danger  of  being  quenched  by 
the  growing  materialism  of  our  age. 

J.  THEO.  MEEZ. 

The  Quarries, 
Newcastle-upon-Tyne,  November  1896. 
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PART   L— SCIENTIFIC  THOUGHT. 

Three  chapters  on  the  growth  and  the  diffusion  of  the  scientific  spirit 
in  the  first  half  of  the  nineteenth  century. 
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Napoleon  favoured  the  mathematical   sciences,   151 ;    Discountenanced 
contemporary  philosophy,  152 ;  Used  statistical  methods,  153 ;   Promi- 
nence given  deservedly  to  French  names  by  Cuvier,  155. 
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THE  SCIENTIFIC  SPIRIT   IN  GERMANY. 

Foundation  of  German  universities,  158  ;  Development  of  the  universities  by 
the  people,  159  ;  Geographical  distribution  of  the  universities,  162  ;  Full 
development  of  the  German  university  system,  163 ;  Philosophical  fac- 
ulty, 164 ;   University  of  Gottingen,  164 ;  Relation  of  universities  and 
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A  HISTORY  OF  EFEOPEAN  THOUGHT 
IN  THE  NINETEENTH  CENTURY. 


INTE0DUCTI02Sr. 


I. 


Behind  the  panorama  of  external  events  and  changes       i. 
which  history  unfolds  before  our  view  there  lies  the  S^e^Si'^ 
hidden  world  of  desires  and  motives,  of  passions  and  "'"■ 
energies,  which  produced  or  accompanied  them ;  behind 
the  busy  scenes  of  Life  lie  the  inner  regions  of  Thought. 
Only  when  facts  and  events  cease  to  be  unconnected, 
when  they  appear  to  us  linked  together  according  to' 
some    design    and   purpose,    leading    us    back    to    some 
ongmating  cause  or  forward  to  some  defined  end,  can 
we  speak  of  History  in  the  sense  which  the  word  has 
acquired  in  modern    language;    and   similarly    do    the 
hidden  motives,  desires,  and  energies  which  underlie  or 
accompany  the  external  events  require  to  be  somehow 
connected,  to  present  themselves  in  some  order  and  con- 
tinuity, before  we  are  able  to  grasp  and  record  them. 
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That  which  has  made  facts  and  events  capable  of  being 
chronicled  and  reviewed,  that  which  underlies  and  con- 
nects them,  that  which  must  be  reproduced  by  the  his- 
torian who  unfolds  them  to  us,  is  the  hidden  element  of 
Thought.  Thought,  and  thought  alone,  be  it  as  a  principle 
of  action  or  as  the  medium  of  after-contemplation,  is 
capable  of  arranging  and  connecting,  of  combining  what 
is  isolated,  of  moving  that  which  is  stagnant,  of  propel- 
ling that  which  is  stationary.  Take  away  thought,  and 
monotony  becomes  the  order. 

This  assertion  may  seem  bold  to  many,  who  would  look 
rather  to  the  gra^d  phenomena  of  Nature  than  to  the 
narrow  limits  of  man's  activity.     A  few  remarks  will, 
however,  suffice  to   show   that  my   proposition    is    not 
opposed    to    the    view    which    they    take.     It  may   be 
urged  that,  independent  of  human  life  altogether,  the 
earth  has  a  history,  the  planetary  system  has  a  develop- 
ment, and  that,  according  to  modern  theories,  evolution 
is  the  principle  which  governs  inanimate  as  well  as  ani- 
mated nature;   that  rest  and  sameness  are  nowhere  to 
be  found,  everywhere  change  and  unrest.     But  change 
and  unrest  do  not  necessarily  constitute  history.    Motion 
and  change  would  be  as  monotonous  as  absolute  rest, 
were  they  merely  to  repeat  themselves  endlessly,  did  the 
whole  movement  not  produce  something  more,  and  were 
this    something    more  not   greater   or   better   than   the 
beginning.    But  greater  and  better  are  terms  which  imply 
comparison  by  a  thinking  beholder,  who  attaches  to  one 
thing  a  greater  value  than  to  another,  judging  by  certain 
ideal  standards,  which  are  not  in  the  objects  or  process  of 
nature  themselves,  but  are  contained  only  in  his  own  think- 
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ing  mind.    It  may  be  that  a  mechanical  and  mindless  series 
of  changes  can  produce  numbers  without  end,  or  forms  of 
countless  variety:  but  this  process  would  deserve  the  name 
of  history  only  if  either  the  transition  from  unity  to  mul- 
tiplicity, or  the  production  of  formal  variety,  were  capable 
of  being  understood  by  a  thinking  mind,— if  the  result 
of  the  process  were  a  matter  of  some  concern,   if  an 
interest  were  attached  to  it,  if  a  gain  or  loss  could  be 
recorded.     The  pendulum  which  swings  backwards  and 
forwards  in  endless  monotony,  the  planet  which  moves 
round  the  sun  in  unceasing  repetition,  the  atom  of  matter 
which  vibrates  in  the  same  path,  have  for  us  no  interest 
beyond   the   mathematical  formute  which  govern  their 
motions,  and  which  permit  us  mentally  to  reproduce,  i.e., 
to  think  them.     A  combination  of  an  infinite  number  of 
these  elementary  movements  would  have  as  little  interest, 
were  it  not  that  out  of  such  a  combination  there  resulted 
something  novel   and   unforeseen:    something  that  wa^ 
beautiful  to  behold  or  useful  to  possess,  something  that 
was  valuable  to  a  thinking  mind  in  a  higher  or  lower 
meaning  of  the  word. 

But  if,  even  in  inanimate  nature,  the  processes  of  change 
acquire  an  interest,  possess  a  history,  only  if  referred  to 
a  thinking  mind  which  can  record,  understand,  and  appre- 
ciate them,  how  much  more  is  this  the  case  when  we  deal 
with  human  affairs,  where  man  is  not  only  the  thinking 
beholder  but  the  principal  agent  ?  Here  the  historic 
interest  would  cease,  were  the  succeeding  years  and  ages 
to  produce  no  valuable  change,  were  the  rule  of  existence 
and  the  order  of  life  to  repeat  themselves  in  unceasing  ™'^^<" 
monotony.    The  savage  tribes  of  Africa  have  a  history:  but  L"^^' """ 
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this  history  is  all  known  when  the  order  of  the  day,  the 
year,  at  most  of  a  generation,  is  known.  Even  the  highly 
complicated  but  stagnant  life  of  China  would  have  a  short 
historical  record — many  thousands  of  years  taking  up  no 
more  space  than  as  many  days  of  modern  European  history: 

"Better  fifty  years  of  Europe  than  a  cycle  of  Cathay." 
Thus  it  is  that  Thought  becomes  in  two  ways  a  subject 
of  great  interest  and  importance  to  the  historian.  Of 
every  change  in  nature  or  human  life  we  can  ask :  What 
has  been  its  result  in  the  world  of  thought?  What 
gain  or  loss,  what  progress,  has  it  worked  in  the  minds 
of  men,  of  us  the  beholders?  Has  it  increased  our 
knowledge,  enriched  our  stock  of  ideas,  deepened  our 
insight,  broadened  our  views  and  sympathies— in  one 
word,  has  it  added  to  our  interests  ?  has  it  made  larger 
and  fuller  our  inner  life  ? 

And  of  every  change  in  human  affairs  we  can  ask  this 
further  question :  What  part  has  thought,  the  inner  life, 
played  in  this  change  ?  These  two  questions  mark  the 
task  of  the  historian  of  Thought. 

I  do  not  think  it  necessary  or  practicable  at  this  stage 
to  explain  minutely  the  terms  with  which  we  have  so 
far  been  dealing.  Many  a  one  might  be  tempted  to  ask 
for  a  definition  of  Thought,  or  for  a  preciser  statement  of 
the  actual  relation  between  Nature,  Life,  and  Thought.^ 


1  In  refusing  to  define  what  I 
mean  by  Thought,  I  take  up  the 
opposite  position  to  that  occupied 
by  Prof.  Max  Miiller  in  his  latest 
work,  'The  Science  of  Thought,' 
London,  1887,  p.  1,  where  he  says  : 
"  I  mean  by  Thought  the  act  of 
thinking,  and  by  thinking  I  mean 


no  more  than  combining.  I  do 
not  pretend  that  others  have  not 
the  right  of  using  Thought  in  any 
sense  which  they  prefer,  provided 
only  that  they  will  clearly  define 
it."  So  far  as  definition  is  at  all  a 
part  of  the  work  of  the  historian, 
I  maintain  that  it  is  the  result  and 
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Such  definitions  must  be  left  to  the  reader  himself,  if 
in  course   of  the  perusal  of  these  volumes  he  finds'  it 
necessary  to    form  abstract    theories    on    these   points. 
Any  definition  given  now  would  inevitably  involve  us  in 
controversies,   which   would   be  embarrassing  and    con- 
fusing.     I  rely  upon  the  general  and  undefined  sense  of 
the  word  Thought,  assuming  that  every  one  will  connect 
some  intelligible  meaning  with  it,  some  meaning  which 
will  enable  him   to   understand  the  very  general   pro- 
position   with   which   we  started,   the  existence   of   an 
inner  or   hidden  world  behind  the   world  of    external 
events  and   facts,  the  continually  changing   nature    of 
this  inner  world,  and  the  connection  and  reaction  be- 
tween  the   two  worlds.     Whether  in  time  and  in  im- 
portance   the    outer  or   the    inner    world    is   the   first, 
whether  within  the  latter  equal  value  attaches  to  thJ 
clearer  province  of  Eeason,  i.e.,  defined  Thought,  to  the 
obscurer  regions  of  Feeling  and  Imagination,  and  to  the 
unconscious  world  of  Impulse,  these  are  questions  which 
it  is  not  necessary  to  answer  at  present.     As  it  was 
enough  to  point  to  the  existence  of  the  two  worlds  of 
Life   and  Thought,  so  it  will  be  enough  to  notice  that 
thought  does  not  mean  merely  defined,  clear,  methodical 
thought,  but  likewise  the  great  region  of  desire,  impulse, 
feeling,  and  imagination,  all   of  which  play,  we  must 
admit,  a  great  part  in  the  inner  life  of  the  soul  as  well 
as  in  that  of  the  outer  world. 
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outcome  of  his  narrative,  the  im- 
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mind  of  the  reader  when  he  has 
perused  the  work.(^  History  is  not 
mainly  a  science  which  proceeds 
by  analysis ;   it  is  the  attempt  to 
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In  this  sense  of  the  word  we  have  in  the  following 
treatise  to  deal  with  the  History  of  Thought :  not,  how- 
ever, with  the  history  of  thought  in  general,  but  with 
that- of  a  defined  period,  with  that  of  the  present  age 
and  the  age  immediately  preceding  it, — the  age,  in  fact, 
to  which  the  writer  and  his  readers  belong,  of  which 
they  have  a  personal  knowledge  and  recollection  more  or 
less  wide  and  intimate.  It  is  the  latter  circumstance 
which  has  made  me  select  this  special  portion  of  the 
history  of  thought;  for  it  is  that  portion  of  which,  it 
seems  to  me,  I  and  my  contemporaries  should— if  we  go 
about  it  in  the  right  way— know  most.  As  every  person 
is  his  own  best  biographer,  so  it  seems  to  me  every  age 
is,  in  a  certain  sense,  its  own  best  historian. 

We  know  that  this  has  been  frequently  denied  so  far 
as  external  events  (that  which  many  persons  call  history 
'par  excellence)  are  concerned.       Contemporary  writers  do 
not,   it  is  stated,  get  beyond  mere  records  of  events, 
records  at  once  one-sided,  incomplete,  and  confusing.     It 
is  indeed  necessary  to  have  the  records  in  great  number 
and  variety :  because  the  true  and  real  record  can  only 
be  given  by  him  who  combines  all  these  many  records 
into    one,  who  avoids   the   errors   arising  from   special 
points  of  view,  from  narrowness  of  outlook,  from  indi- 
vidual ignorance,  blindness,  or  prejudice.      Still,  in  spite 
of  such  defects,  the  contemporary  records  will  always 
remain  the  most  valuable  sources  for  the  future  historian 
who  may  succeed  in  sifting  their  various*  testimonies, 
combining   and  utilising  them  to  produce  a  fuller  and 
more  consistent  picture  of  the  bygone  age.      But  while 
his  work  may  be   only  temporarily  valuable,  theirs  is 
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lasting.  It  is  hardly  doubtful  that,  after  hundreds  or 
thousands  of  years  have  passed,  the  simple,  detailed,  and 
perhaps  contradictory,  narratives  of  contemporary  wit- 
nesses  will  outlive  those  more  elaborate  and  artistic 
efforts  of  the  historian  which  are  so  largely  inspired  and 
coloured  by  the  convictions  of  another— i;^^.,  his  own- 
age.  For  as  Goethe  has  remarked :  "  History  must  from 
time  to  time  be  rewritten,  not  because  many  new  facts 
have  been  discovered,  but  because  new  aspects  come  into 
view,  because  the  participant  in  the  progress  of  an  age 
is  led  to  standpoints  from  which  the  past  can  be  re- 
garded and  judged  in  a  novel  manner."  i 

Most  of  the  great  historians  whom  our  age  has  pro- 
duced will,  centuries  hence,  probably  be  more  interesting 
as  exhibiting  special  methods  of  research,  special  views       ' 
on  political,  social,  and  literary  progress,  than  as  faith- 
ful  and  reliable  chroniclers  of  events ;  and  the  objectivity       12 
on  which  some  of  them  pride  themselves  will  be  looked  fefty 
upon  not  as  freedom  from  but  as  unconsciousness  on  their  '^^': 
part  of  the  preconceived  notions  which  have  governed 
them.     But  where  the  facts  recorded  and  the  mind  which 
records  them  both  belong  to  the  same  age,  we  have  a 
double  testimony  regarding  that  age.     The  events,  and 
the  contemplating  mind,  supplement  each  other  to  form 
a  more  complete  picture,  inasmuch  as  the  matter  and  the 
medium  through  which  it  is  viewed  belong  to  the  same 
time.     And   so  it  comes    to   pass   that  historians  like 
Thucydides,  Tacitus,  and  Machiavelli  are  looked  upon  as 


*  Materialien  zur  Geschichte  der 
Farbenlehre,'  Werke,  2te  Abtheil- 
ung,  Band  3,  p.  239.     I  quote  from 


the  new  edition,  brought  out  by 
the  German  Goethe  Society. 
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perfect  models  in  the  art  of  writing  history,  and  the 
memoirs  of  many  modern  statesmen  are  more  lastingly 
valuable  than  the  more  elaborate  and  connected  narra- 
tives of  remote  and  secluded  scholars. 

But  if  the  contemporary  record  of  facts  will  always 
have  a  peculiar  value,  however  incomplete  it  may  be, 
still  more  must  this  be  the  case  with  the  contemporary 
record  of  thought ;  especially  if  thought  means  the  whole 
of  the  inner  life  of  an  age,  not  merely  that  portion  which 
in  the  form  of  defined  thought  has  been  incorporated  in 
the  written  literature  of  the  age.  For  a  large  portion  of 
this  hidden  life  is  known  only  to  those  who  have  taken 
part  in  it.  The  vague  yearnings  of  thousands  who  never 
succeed  either  in  satisfying  or  expressing  them,  the  hun- 
dreds of  failures  which  never  become  known,  the  number- 
less desires  which  live  only  in  the  hearts  of  men  or  are 
painted  only  in  their  living  features,  the  uncounted 
strivings  after  solutions  of  practical  problems  dictated 
by  ambition  or  by  want,  the  many  hours  spent  by 
labourers  of  science  in  unsuccessful  attempts  to  solve 
the  riddles  of  nature, — all  these  hidden  and  forgotten 
efforts  form  indeed  the  bulk  of  a  nation's  thought,  of 
which  only  a  small  fraction  comes  to  the  surface,  or  shows 
itself  in  the  literature,  science,  poetry,  art,  and  prac- 
tical achievements  of  the  age.  Equally  important,  though 
not  equally  prominent,  this  large  body  of  forgotten, 
thought  has  nevertheless  been  that  which  made  the 
measure  full,  which  heaped  the  fuel  ready  for  the 
match  to  kindle ;  it  constitutes  the  great  propelling  force 
which,  stored  up,  awaits  the  time  and  aid  of  individual 
talent  or  genius  to  set  it  free.     Philosophers  tell  us  of 


the  wastefulness  of  organic  life,  of  the  thousands  of  germs 
which  perish,  of  the  huge  volume  of  seed  scattered  use- 
lessly.     A  similar  fate  seems  to  fall  on  the  larger  portion 
of  intellectual  and  moral  effort;  but  here  a  deeper  con- 
viction  tells  us  that  it  is  not  the  sacrifice  but  the  co- 
operation  of  the  many  which   makes  the  few  succeed 
that  excellence  is  the  prize  of  united  effort,  that  many 
must  run  so  that  one  may  reach  a  higher  goal.     A^at 
other  feeling  could  console  those  legions  of  honest  workers 
who  spend  their  lives  in  trying  to  deal  with  the  seem- 
ingly unconquerable  host  of  social  evils,  the  apparently 
growing  vice   and   misery  of  large  towns,  who   raise  a 
cry  for  oppressed  nationalities,  or  preach   against   the 
curses  of  war  and  militarism  ?     Or  what  higher  and  un- 
selfish satisfaction  could  an  author  derive  from  spending 
half  a  lifetime  in  producing  a  work  which  in  the  end 
may  fall  dead-born  from  the  press,  if  it  were  not  the 
conviction   that  in   the  cause  in   which   he  has   failed 
another    after  him   may  succeed,  and   that  his   failure 
may  be  a  portion  of  the  silent  and  hidden  efforts  that 
co-operate  towards  a  useful  end  ?  ^     But  who  in  after- 
ages  can  write  the  history  of  this  forgotten  and  hidden 
work  of  a  nation  ?     Whose  historical  sense  is  delicate 
enough  to  feel  where  the  pressure  was  greatest  and  the 
effort  longest  ere  the  new  life  appeared,  whose  eye  pene- 
trating  and  discerning  enough  to  follow  up  the  dim  streaks 

V    1  *'Sehen  wir  nun  wahrend  un-  sammen  erst  der  wahre  Mensch  ist 

seres   Lebensganges   dasjenige   von  und    dass   der   EinzeL   nur  froh 

anderen  gelestet    wozu  wir  selbst  und  glucklich  sein  kann,  wenn  er 

fruher  einen  Beruf  fuhlten,  ihn  aber,  den  Muth  hat,  sich  im  Ganzen  zu 

mit    manchem    andern,    aufgeben  fuhlen."- Goethe,   'Wahrheft  und 

mussten,    dann    tritt    das    schone  Diehtung,'  9th  Book     Werke    27  ) 

Gefuhl  ein,  dass  die  Menschheit  zu-  277.  '   vverKe,  ^7,y 
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of  twilight,  dazzled  as  he  must  be  by  the  blaze  of  the 
risen  sun  ?  We  who  live  in  the  expectation  of  the  light 
which  is  to  come,  surrounded  by  the  shadows,  difficulties, 
and  obstacles ;  we  who  belong  to  the  army,  and  are  not 
leaders,  who  live  in,  not  after,  the  fight, — we  claim  to  be 
better  able  to  tell  the  tale  of  endless  hopes  and  endeav- 
ours, of  efforts,  common  to  many,  of  the  hidden  intellec- 
tual and  moral  work  of  our  age.^ 

How  far  back  we  who  have  lived  during  the  second 
half  of  the  present  century  may  extend  the  period  of 
which  we  claim  to  have  a  personal  knowledge,  is  a  point 
of  further  interest.  Certain  it  is  that  in  our  parents  and 
immediate  forefathers  we  have  known  the  representatives 
of  a  generation  which  witnessed  and  laboured  in  the  in- 
terests of  the  great  Anti-Slavery,  the  Keform,  and  the  Anti- 
Corn-Law  movements,  who  experienced  the  revolutions 
worked  by  the  introduction  of  steam-power  and  gas,  who 
took  part  in  the  great  work  of  national  and  popular  edu- 
cation abroad  and  in  the  reform  of  school-life  in  England. 
They  themselves  went  through  the  enthusiasm  of  the 
anti-Napoleonic  Kevolution  in  Germany,  came  under  the 
influence  of  Goethe's  mature  manhood,  were  fascinated  by 
the  stories  from  the  pen  of  the  Wizard  of  the  North,  par- 


^  Compare  what  A.  de  Tocqueville 
says, '  (Euv.  comp.,'  vol.  viii.  p.  170  : 
* '  Nous  sommes  encore  trop  pres  des 
ev^nements  pour  en  connaitre  les 
details.  Cela  parait  singulier,  mais 
est  vrai.  Les  details  ne  s'appren- 
nent  que  par  les  revelations  post- 
humes,  conteiiues  dans  les  M^- 
moires,  et  sont  souvent  ignores  des 
contemporains.  Ce  qu'ils  savent 
mieux   que   la   posterite,    c'est   le 


mouvement  des  esprits,  les  pas- 
sions generales  du  temps,  dont  ils 
sentent  encore  les  derniers  fr^mis- 
sements  dans  leur  esprit  ou  dans 
leur  cceur  ;  c'est  le  rapport  vrai  des 
principaux  personnages  et  des  prin- 
cipaux  faits  elitre  eux.  Voilb,  ce 
que  les  voisins  des  temps  racont^s 
apergoivent  mieux  que  ne  fait  la 
posterite." 
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took  of  the  spirit  of  the  Eomantic  School,  felt  the  electrical 
touch  of  Lord  Byron  s  verse,  listened  to  the  great  orators 
of  the  third  French  Eevolution,  and  could  tell  us  of  the 
now  forgotten  spell  which  Napoleon   I.   exercised   over 
miUions  of  reluctant  admirers.     Most  of  these  fascinations 
and  mterests  live  only  in  the  narratives  of  contemporaries 
and  surviving  witnesses,  few  of  whom  have  succeeded  in 
perpetuating  them  with  pen  or  brush,  making  them  intel- 
ligible to  a  future  age ;  most  of  them  die  with  the  genera- 
tion Itself.     Not  only  have  we  listened  to  their  words  and 
seen  in  their  features  the  traces  of  the  anxieties  they  lived 
through,  in  their  eyea  the  reflected  enthusiasms  and  as- 
pirations, in  their  glances  and  in  the  trembling  of  their 
voices  the  last  quiverings  of  bygone  passion  and  joy —we 
-  have  received  from  them  a  still  more.eloquent  testimonial 
a  more  hving  inheritance.     But   this   we  cannot  hand 
down  to  our  children  in  the  form  in  which  it  was  given 
to  us :   it  has  not  passed  through  our  hands  unaltered 
This  inheritance  is  the  language  which  our  parents  have- 
taught  us.     Unknowingly  they  have  themselves  altered 
the  tongue,  the  words  and  sentences,  which  they  received 
depositing  in  these  altered  words  and  modes  of  speech  the' 
spirit,  the  ideas,  the  thought  of  their  lifetime.     These 
words  and  modes  of  speech  they  handed  to  us  in  our 
infancy,  as  the  mould  wherein  to  shape  our  minds,  as  the 
shell  wherein  to  envelop  our  slowly  growing  thoughts,  as 
the  instrument  with  which  to  convey  our  ideas.     In  their 
language,  in  the  phrases  and  catchwords  peculiar  to  them 
we  learnt  to  distinguish  what  was  important  and  interest- 
ing from  what  was  trivial  or  indifferent,  the  subjects  which 
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;i^2  INTRODUCTION. 

Should  occupy  our  thoughts,  the  aims  we  should  follow 
the  principles  and  methods  which  we  should  make  use  ot. 
The  bulk  and  substance  of  this  they  indeed  inherited  them- 
selves ;  but  the  finer  distinctions  of  their  reasonmg,  the 
delicate  shading  of  their  feelings  and  aspirations,  they 
added  and  modified  for  themselves,  modelling  for  their  own 
special  use  the  pliable  and  elastic  medium  of  the  mother 
tongue.     With  this  finer  moulding  we  have  inherited  the 
spirit  of  the  former  generation :  predisposing  us  to  certam 
phases  of  thought  and  placing  in  our  path  a  difficulty  m 
acquiring  otherwise  than  by  gradual  and  almost  imper- 
ceptible degrees  the  faculty  of  assimilating  new  and  mi- 
expected  opinions,  tastes,  and  feelings.     Many  of  us  adhere 
to  the  special  character  and  phase  of  thought  acqmred 
in  our  youth.     Some  by  learning  foreign  languages,  and 
living  in  other  countries,  gain  a  facility  for  understandmg 
quite  difierent  phases  of  thought:    very  few  among  us 
develop  so  much  original  thought  that  they  burst  the 
shell  of  conventional  speech,  coining  new  words  and  ex- 
pressions for  themselves,  embodying  in  them  the  fleetmg 
ideas  of  their  time,  the  indefinable  spirit  of  their  age. 
Once  expressed,  these  new  terms  are  rapidly  circulated, 
and  if  we  look  back  on  the  period  of  a  generation,  we 
note  easily  the  progress  and  development  of  opinion  and 
tastes  in  the  altered  terms  and  style  of  our  language. 

Thus  it  is  that  the  writer,  and  those  of  his  readers 
whose  memory  carries  them  back  to  the  middle  of  the 
century,  and  whose  schooling  and  education  embodied  the 
idea^  of  a  generation  before  that  time,  can  claim  to  have 
some  personal  knowledge  of  the  greater  portion  of  the 
nineteenth  century,  of  the  interests  which  it  created  and 
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the  thoughts  which  stirred  it.^     It  is  the  object  of  these 
volumes  to  fix,  if  possible,  this  possession ;  to  rescue  from 
oblivion  that  which  appears  to  me  to  be  our  secret  prop- 
erty ;  in  the  last  and  dying  hour  of  a  remarkable  age  to 
throw  the  light  upon  the  fading  outlines  of  its  mental 
life ;  to  try  to  trace  them,  and  with  the  aid  of  all  possible 
information,  gained  from  the  written  testimonies  or  the 
records  of  others,  to  work  them  into  a  coherent  picture, 
which  may  give   those   who  follow  some  idea  of    the 
peculiar  manner  in  which  our  age  looked  upon  the  world 
and  life,  how  it  intellectualised  and  spiritualised  them. 
This  attempt  is  therefore  not  a  history  of  outward  politi- 
cal changes  or  of  industrial  achievements :  the  former  will 
probably  be  better  known  to  our  children  than  they  have 
been  to  us ;  the  latter  will  soon  be  forgotten  as  such,  or 
incorporated  in  the  still  greater  results  of  the  future,  for 
which  they  will  be  the  preparation.     Nor  is  it  a  history 
of  Knowledge  and  Science,  of  Literature  and  Art,  which 
I  purpose  to  write ;  though  as  these  are  the  outcome  of 
the  inner  life,  and  contain  it,  so  to  say,  in  a  crystallised 
form,  they  will  always  have  to  be  appealed  to  for  the 
purpose  of  verifying  the  conclusions  which  we  may  arrive 
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^  On  the  division  of  History  into 
centuries  see  what  Du  Bois-Rey- 
mond  says  ('Reden,'  Leipzig,  1886, 
vol.  i.  p.  519),  and  the  fuller  dis- 
cussion of  the  subject  by  Prof.  O. 
Lorenz,  *  Die  Geschiehts  -  wissen- 
schaft'  (Berlin,  1886,  p.  279  9qq.) 
The  latter  refers  to  what  the  first 
historian  says  (Herodotus,  ii.  142  : 
Katroi  rpirtKOffiai  fxkv  avSpuv  yfveal 
ivvtarcu  fiijpia.  ^rea  •  yfvfal  ykp  rpus 
au^puv  (Karbv  freet  ian).  A  per- 
son born  in  1840  can  claim  to  have 
a  personal  knowledge  of  the  last 


half,  and  through  his  parents  and 
teachers  a  knowledge  of  the  first 
half,  of  the  century.  In  this  way 
it  may  be  said  that  his  personal — 
direct  or  indirect — knowledge  ex- 
tends over  nearly  a  century.  Lor- 
enz says  correctly  :  "  Fiir  jeden 
einzelnen  bildet  der  Vater  und  der 
Sohn  eine  greifbare  Kette  von 
Lebensereignissen  und  Erfahrun- 
gen."  And  that  this  applies  even 
more  to  ideas  and  opinions^  to 
Thought,  than  to  events  and  facts, 
is  evident. 
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at.     What  will  interest  us  most  will  be  the  conscious 
aims  and  ends,  if  such  existed,  of  any  political  or  social 
movement,  and,  where  they  did  not  exist,  at  least  the 
results  to  our  inner  life  which  have  necessarily  followed, 
the  methods  by  which  knowledge  was  extended  or  science 
applied,  the  principles  which  underlay  literary  composition 
and  criticism,  and  the  hidden  spiritual  treasure  which 
poetry,  art,  and  religious  movements  aimed  at  revealing 
or  communicating ;  in  fact  the  question :  What  part  has 
the  inner  world  of  Thought  played  in  the  history  of  our 
century, — what  development,  what  progress,  what  gain 
has  been  the  result  of  the  external  events  and  changes  ? 
But  if  personal  knowledge  and  experience  are— as  it 
seems  to  me — of  the  greatest  importance  in  an  attempt 
like  this ;  if,  without  having  lived  the  inner  life,  a  record 
of  it  would  be  either  a  mere  string  of  names  or  a  criticism 
of  opinions,  not  a  living  picture, — so  it  is  also  the  factor 
which  necessarily  limits  the  extent  of  the  ground  which 
I  propose  to  traverse.     Thus  I  feel  obliged  in  the  first 
place  to  limit  myself  to  European  Thought.     Such  a  limi- 
tation would  hardly  have  been  called  for  a  century  ago, 
because  it  would  have  been  a  matter  of  course :  but  the 
steady  growth  and  peculiar  civilisation  of  a  new  and 
vigorous  people  on  the  other  side  of  the  Atlantic  force 
from  me  the  twofold  confession,  that  there   is  a  large 
world  of  growing  importance  of  which  I  have  no  personal 
knowledge,  and  to  estimate  which  I  therefore  feel  un- 
qualified and  imprepared ;  and  further,  that  I  am  equally 
unable  to  picture  to  myself  the  aspect  which  the  whole  of 
our  European  culture  in  its  present  state  may  assume  to 
an  outside  and  far-removed  observer  who  is  placed  in  the 


New  World.     As   this  New  World  grows  not  only  in 
numbers  and  national  wealth,  but  also  in  mental  depth, 
as    it    becomes    more    and    more    intellectualised    and 
spiritualised,  so  it  will  no  doubt  experience  the  desire  of 
recording  its  own  inner  life  and  culture,  emphasising  the 
peculiarities  which   distinguish  it  as  a  whole  from  our 
civilisation.     But  the  tendencies  of  this  new  culture  are 
to  me  vague  and  enigmatical,  and  I  frankly  admit  that 
I  am  unable  to  say  anything  definite  on  this  subject.    Con- 
vinced as  I  am  that  in  human  affairs  all  outer  life  is  the 
vessel  which  contains  an  inner  substance,  the  shell  which 
envelops  a  growing  kernel,  I  am,  nevertheless,  unable  in 
this  case  to  penetrate  to  either,  and  must  therefore  content 
myself  with  taking  notice  of  this  vast  new  element  of 
nineteenth-century   culture    only   where    it    comes    into 
immediate   contact   with   European   thought,  which  has 
indeed  been  powerfully  influenced  by  it.     And  of  Euro-        25 
pean  thought  itself  I  am  forced  to  select  likewise  only  GelX^""' 
the   central  portion,  the  thought  embodied   in   French,  ^f^e 
German,  and  English  Literature.     I  have  to  admit  that  Sr'"''^ 
Italian,   Scandinavian,   and    Eussian    influences    are    all ''°' ' 
around  this  centre,  sometimes   penetrating  far  into  it; 
but  here  again  languages  unknown  and  interests  foreign 
to  me  have  made  it  impossible  to  identify  myself  ever  so 
superficially  with  the  new  life  that  is  contained  in  them. 
I  must  therefore  here  also  confine  myself  to  very  im- 
perfect and  casual  notices,  which  make  no  attempt  to 
do  justice  to  the  subject. 

The  subject  before  us,  then,  is  European  Thought— i.e., 
the  thought  of  France,  Germany,  and  England— during  the' 
greater  part  of  the  nineteenth  century.     Circumscribed  as 
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this  subject  is  by  the  limits  of  time  and  space  which  I 
have  mentioned,  it  is,  nevertheless,  still  vast,  intricate,  and 
bewildering.     And  yet  it  is  my  intention,  throughout  the 
inquiries  which  I  have  to  institute  and  in  the  various  out- 
lines and  sketches  which  I  have  to  draw,  never  to  lose 
sight  of  the  unity  of  the  whole.     This  unity,  I  maintain, 
the  progress  of  our  age  has  more  and  more  forced  upon 
us.     It  is  itself  a  result  of  the  work  of  the  century.     A 
hundred  years — even  fifty  years — ago,  it  would  have  been 
impossible  to  speak  of  European  Thought  in  the  manner 
in  which  I  do  now.     For  the  seventeenth  and  eighteenth 
centuries  mark  the  period  in  which,  owing  to  the  use  of 
the  several  vernacular  languages  of  Europe  in  the  place 
of  the  mediseval  Latin,  thought  became  nationalised,  in 
which  there  grew  up  first  the  separate  literature  and  then 
the  separate  thought  of  the  different  civilised  countries  of 
Western  Europe.     Thus  it  was  that  in  the  last  century, 
and  at  the  beginning  of  this,  people  could  make  journeys 
of  exploration  in  the  region  of  thought  from  one  country 
to  another,  bringing  home  with  them  new  and  fresh  ideas. 
Such  journeys  of  discovery,  followed  by  importation  of  new 
ideas,  were  those  of  Voltaire^  to  England  in  1726,  where 
he  found  the  philosophy  of  Newton  and  Locke,  at  that 
time  not  known  and  therefore  not  popularly  appreciated 
in  France;  the  journey  of  Adam  Smith  in  1765  to  France, 
where  he  became  acquainted  with  the  economic  system  of 
Quesnay  and  the  opinions  of  the  so-called  "  physiocrats," 
which  formed  the  starting-point  of  his  own  great  work. 


^  For  a  most  complete  collection 
of  data  referring  to  this  subject 
see  Du  Boia-Reymond's  address  in 


the  Berlin  Academy,  -SOth  January 
1868,  reprinted  in  the  collection  of 
his  *  RedcE  '  Leipzig,  1886,  vol.  L 
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*  The  Wealth  of  Nations.'  During  the  last  quarter  of  the 
eighteenth  century  A.  G.  Werner  raised  the  Mining 
Academy  at  Freiberg,  which  had  been  founded  in  1766, 
from  a  mere  provincial  institution  to  be  one  of  the  great 
centres  of  scientific  light  in  Europe,  to  which  students 
from  all  parts  of  the  world  flocked  to  listen  to  his  eloquent 
teaching.  Towards  the  end  of  the  century  Wordsworth 
and  Coleridge  went  on  a  trip  to  Germany,  whence  the 
latter  brought  to  England  the  new  philosophy  of  Kant 
and  Schelling.  Madame  de  Stael,  in  an  age  when  tidings 
of  a  new  literary  life  in  Germany  had  reached  French 
Society  through  some  of  the  emigrants  of  the  Eevolution, 
set  herself  reluctantly  to  learn  German,^  convinced  that  a 
n^w  phase  of  thought  had  appeared  there ;  and  then  with 
Benjamin  Constant  visited  the  country  itself  at  the  end 
of  1 8 0  3,  and  again  in  1 8  0  7.  The  result  of  these  journeys 
of  exploration  was  her  work  '  De  L'Allemagne.'  Whilst 
Coleridge  and  Madame  de  Stael  drew  inspiration  from 
the  new  life  which  centred  in  the  Weimar  of  Goethe  and 
Schiller,  the  scientific  students  of  the  whole  Continent 
directed  their  gaze  to  Paris,  where  alone  for  many  de- 
cades the  modern  methods  could  be  learnt,  where  the 
new  scientific  ideas  were,  so  to  speak,  collected  in  a  focus. 
For  more  than  half  a  century  Paris  remained  the  centre 
of  scientific  thought,^  and  even  English  philosophers,  who 
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^  See  Lady  Blennerhasset's  in- 
teresting work  on  Madame  de  Stael, 
German  ed.,  vol.  ii.  p.  461  sqq, ; 
especially  the  remarkable  passage 
quoted  there,  p.  465,  in  her  letter 
to  the  Baron  de  Gerando,  October 
1802:  "Ich  glaube  wie  Sie,  dass 
der  menschliche  Geist,  der  zu  wan- 

VOL.  I. 


dern  scheint,  jetzt  bei  Deutschland 
angelangt  ist." 

2  See  Bruhns,  'Life  of  A.  v.  Hum- 
boldt,* translated  by  Lassell,  vol.  i. 
p.  232  :  "  Notwithstanding  the 
sardonic  expression  of  the  frantic 
judge,  '  Nous  n'avons  pas  besoin  de 
savans,'  Paris  was  yet  at  the  close 
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since  Bacon  and  Newton  had  foUowed  their  own  inde- 
pendent line  of  research,  had  to  discover  in  the  second 
decade  of  the  century  that  Newton's  great  name  was  not 
a  guarantee  for  the  efficiency  of  his  methods,  which  had 
been  greatly  developed  and  improved  in  the  hands  of 
Continental  mathematicians.  These  improved  methods 
were  imported  into  England  by  three  Cambridge  grad- 
uates, Herschel,  Babbage,  and  Peacock,  who  translated 
Lacroix's  Treatise,  and  by  doing  so  gave  a  great  impetus 
to  mathematical  research  in  this  country.  Fifteen  years 
later,  students  from  all  parts  of  the  world  flocked  to  the 
small  University  town  of  Giessen  in  Germany,  thence  to 
take  home  with  them  a  knowledge  of  the  new  science  and 
methods  of  Chemistry,  taught  in  the  laboratory  of  Liebig— 
methods  previously  used  only  in  the  private  and  inacces- 
sible laboratories  of  learned  investigators.^  It  will  be  in 
the  memory  of  many  how  the  philosophy  of  Auguste 
Comte,  published  between  the  years  1830  and  1840, 
remained  without  much  influence  in  his  own  country, 
whereas,  mainly  through  the  writings  of  J.  S.  Mill  and 

are  good,  and  successfully  accom- 
plish their  main  object  in  the 
diffusion  of  mathematical  know- 
ledge.'" Compare  also  vol.  i.  p. 
342,  referring  to  1804.  Also  vol.  ii. 
p.  92,  referring  to  the  period  1820 
to  1830.  "Humboldt  continued 
to  regard  Paris  as  the  true  metro- 
polis of  Science  "  (p.  70),  and  many- 
other  passages.  See  also  Steffens, 
"  Was  ich  erlebte,"  vol.  x.  p.  233, 
and  what  Goethe  said  to  Eckermann 
on  the  contrast  of  Germany  and 
Paris  in  the  year  1827. 
'  1  See  A.  W.  Hoffmann,  *The 
Life -Work  of  Liebig,'  Faraday 
Lecture  for  1875,  p.  8. 


of  the  eighteenth  century  the 
metropolis  of  the  exact  sciences. 
Lalande,  in  writing  to  von  Zach  on 
January  26,  1798,  remarks:  'The 
love  of  mathematics  is  daily  on 
the  increase,  not  only  with  us  but 
in  the  army.  The  result  of  this 
was  unmistakably  apparent  in  our 
last  campaigns.  Bonaparte  himself 
has  a  mathematical  head,  and  though 
all  who  study  this  science  may  not 
become  geometricians  like  Laplace 
and  Lagrange,  or  heroes  like  Bona- 
parte, there  is  yet  left  an  influence 
upon  the  mind  which  enables  them 
to  accomplish  more  than  they  could 
possibly  have  achieved  without  this 
training.    Our  mathematical  schools 
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his  school,  it  became,  as  it  were,  a  centre  of  thought,  an 
embodiment  of  a  circle  of  modern  ideas  in  this  country, 
whence  it  was  reimported  into  France  nearly  a  generation 
after  its  first  appearance.     Something  similar  happened 
to  a  once  neglected  but  now  renowned  English  landscape- 
painter,    Constable,   whose   pictures   when  exhibited  in       35.    ■ 
France  in  1824  created  a  profound  sensation,  and  had  ?X^^lt 
such  an  influence  on  the  artists  of  that  country  that  they  ^''''' 
are  said  to  mark  an  era  in  landscape-painting  there.^ 

Such  journeys  of  discovery  in  the  realm  of  thought  and 
ideas  have  now  become  almost  impossible.     In  the  course 
of  our  century  Science  at  least  has  become  international :        36. 
isolated  and  secluded  centres   of  thought  have  become  comeln^";- 

1  nntinnal 

more  and  more  rare.  Intercourse,  periodicals,  and  learned 
societies  with  their  meetings  and  reports,  proclaim  to  the 
whole  world  the  minutest  discoveries  and  the  most  recent 
developments.  National  peculiarities  still  exist,  but  are 
mainly  to  be  sought  in  those  remoter  and  more  hidden 
recesses  of  thought,  where  the  finer  shades,  the  untrans- 
latable idioms,  of  language  suggest,  rather  than  clearly 
express,  a  struggling  but  undefined  idea.  Thought  has  its 
dawn  and  twilight,  its  chiaroscuro  as  well  as  its  open  day ; 
but  the  daylight  has  grown  wider  and  clearer  and  more  dif- 


nationaL 


^  See  Walter  Armstrong  in  the 
'Nineteenth  Century'  for  April 
1887;  Julius  Meyer,  'Geschichte 
der  modernen  franzosischen  Mal- 
erei,'  Leipzig,  1867,  Book  7,  chap. 
2  ;  A.  Rosenberg,  *  Geschichte  der 
modernen  Kunst,'  vol.  i.  p.  63. 
Rosenberg  thinks  the  influence  of 
Constable  on  French  Art  is  exagger- 
ated, and  mentions  Paul  Huet, 
whose  early  pictures  date  from 
1822.  But  an  Englishman,  Bon- 
ingtoD,  who,  however,  is  claimed  as 


of  the  French  School,  was  even 
before  Huet  and  Constable.  See 
also  what  Delacroix  wrote  to  Th. 
Sylvestre  in  1858  :  "  Constable  est 
une  des  gloires  anglaises.  C'est  un 
veritable  r^formateur,  sorti  de  I'or- 
niere  des  paysagistes  anciens.  Notre 
^cole  a  grandement  proflt^  de  ses 
examples  et  G^ricault  ^tait  revenu 
tout  etourdi  de  I'un  des  grands  pay- 
sages  qu'il  nous  avait  envoyds" 
(quoted  by  Emile  Michel  in  *  Grande 
Encyclopedic, '  art.  "  Constable  " ). 
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fused  in  the  course  of  our  century,  and  so  far  as  the  greater 
volume  of  ideas  is  concerned,  we  can  speak  now  of  Euro- 
pean thought,  when  at  one  time  we  should  have  had  to 
distinguish  between  French,  German,  and  English  thought. 
Eeserving,  therefore,  in  the  meantime  the  task  of  investi- 
gating what  still,  within  the  bounds  of  this  larger  inter- 
national life,  remains  peculiar  to  the   thought  of  each 
nation,  it  is  the  great  body  of  common  European  thought 
with  which  I  propose  at  first  to  deal.     How  has  it  grown 
to  be  what  it  is  now,  what  special  contributions  have  the 
several  nations  made  to  the  general  stock,  what  is  at 
present  our  inventory  of  it,  how  has  it  been  changed  in 
course  of  the  century  ?     But  how,  it  may  be  asked,  are  we 
to  take  stock  ?  how  is  this  inventory  to  be  drawn  up  ? 
There  is  indeed  one  very  obvious  method  which  presents 
itself,  though  it  is  not  the  one  which  I  propose  to  use 
exclusively,  or  even  largely.     And  yet  it  seems  to  me 
well  worthy  of  special  attention. 

Already  I  have  remarked  how  the  changes  of  thought 
are  deposited  in  the  altered  language  and  style  of  the 
age.     A  closer  study  of  the  changes  which,  in  the  course  of 
this  century,  have  taken  place  in  the  vocabularies  as  weU 
as  in  the  styles  of  the  three  principal  European  languages 
would  no  doubt  reveal  to  a  great  extent  when  and  how 
new  ideas  have  presented   themselves,  how  they  have 
become  fixed  and  defined  in  special  words  or  terms.     It 
would  allow  us  to  trace  to  a  very  large  extent  not  only 
the  growth  of  the  general  stock  of  European  thought,  but 
also  the  migration  of  single  ideas  from  one  nation  to 
another.     And,  lastly,  it  would  exhibit  to  a  great  extent 
in  what  peculiar  phrases,  in  what  secluded  corners,  the 


individual  thought  of  each  of  the  three  nations  has  found 
refuge.^  Any  one  who  has  attempted  to  translate  from 
one  of  these  languages  into  another,  be  it  prose  or  be 
it  lyrical,  philosophical,  or  descriptive  poetry,  will  have 
experienced  the  necessity  of  studying  minutely  the 
meaning  or  hidden  thought  which  a  word  or  a  phrase 
may  signify:  he  will  have  been  led  to  notice  what  is 
common    and   what   is   peculiar   to   different   languages, 


^  The    only  books    which    treat 
of  words  in  the  sense  mentioned 
above,  and  which  have  come  under 
my  notice,  are  Home  Tooke's  *  Di- 
versions of  Purley  '  and  Archbishop 
Trench's    little  volumes   on   'The 
Study    of    Words'    and    'English 
Past  and  Present.'     So  far  as  the 
use  of  merely  philosophical  terms 
is   concerned,   I   may   refer  to   R. 
Eucken,    'Geschichte   der   philoso- 
phischen     Terminologie,'     Leipzig, 
1879.      A   great  deal  of   material 
for   a   research   of  this   kind   may 
be  found  in  the  large  Dictionaries 
of    Grimm,    Littre,    and    Murray, 
though  I  do  not  feel  sure  that  the 
great  change  which  has  come  over 
language,   through   the   expansion, 
deepening,   and    differentiation    of 
ideas  and  of  thought  in  our  age, 
has  been   specially  taken  note  of. 
The  plan  of  Orimm's   Dictionary, 
which  aims  at  embracing  the  Ger- 
man  language  in  its  development 
during   three  centuries,   beginning 
with     Luther     and     ending     with 
Goethe  (see  Wilh.  Grimm's  'Kleinere 
Schriften,'  vol.  i.   p.  508),   almost 
excludes   the    period   which   I   am 
reviewing. 

It  is  interesting  to  remember 
that  Diderot,  the  first  writer  who 
attempted  to  collect  the  great  body 
of  modern  Thought  and  Learning 
into  an  encyclopaedic  whole,  re- 
ferred to  Language  very  much  in 
the  same  manner  as  we  do  now, 
a  hundred  a«d  ififity  jears  later. 


See    the    article    "  Encyclopddie, " 
where   Diderot   says   that   a   Dic- 
tionary is  only  an  exact  collection 
of  titles,  to  be  filled  in  by  the  Ency- 
clopaedia ;  and  further  on,  p.  639 : 
"Si  Ton  compte  les  hommes   de 
g^nie,   et   qu'on    les    repande   sur 
toute  la  duree  des  siecles  ecoules, 
il  est  Evident  qu'ils  seront  en  petit 
nombre  dans  chaque  nation  et  pour 
chaque  siecle,  et  qu'on  n'en  trouvera 
presqu'aucun  qui  n'ait  perfectionnd 
la  langue.     Les  hommes  createurs 
portent    ce    caract^re    particulier. 
Comme  ce  n'est  pas  seulement  en 
feuilletant  les  productions  de  leur 
contemporains    qu'ils    rencontrent 
les  idees  qu'ils  ont  k  employer  dans 
leurs  ecrits,  mais  que  c'est  tantot  en 
descendant  profond^ment  en  eux- 
memes,    tantot    en    s'elan^ant    au 
dehors,  etportantdes  regards  plus 
attentifs  et  plus  p^n^trans  sur  les 
natures  qu'ils  environnent,  ils  sont 
obliges,    surtout    a    I'origine    des 
langues,  d'inventer  des  signes  pour 
rendre  avec  exactitude  et  avec  force 
ce  qu'Cs  y  decouvrent  les  premiers. 
C'est  la  chaleur  de  I'imagination  et 
la  meditation  profonde  qui  enrichie- 
sent  une  langue  d'expressions  nou- 
velles  :  c'est  la  justesse  de  1 'esprit 
et  la  sev^rite  de  la  dialectique  qui 
en  perfectionnent  la  syntaxe  ;  c'est 
la    commodity   des    organes   de   la 
parole  qui  I'adoucit;   c'est  la  sen- 
sibility de  I'oreille  qui  la  rend  har- 
monieuse." 
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and  the  thought  which  they  express.  Of  Goethe  it 
may  be  said  that  he  created  to  a  large  extent  the 
language  and  style  of  that  which  is  best  in  the  modern 
literature  of  his  country.  No  such  supreme  influence 
belonging  to  a  single  individual  can  probably  be  found 
in  any  other  German,  French,  or  English  writer  in  our 
century,  for  reasons  which  are  obvious :  but  the  great 
French  novelists,  the  German  metaphysicians,  and  the 
original  poetical  minds  of  modern  England  have  en- 
larged and  enriched  the  vocabulary  of  their  respec- 
tive languages,  and  have  added  a  number  of  useful 
and  novel  modes  of  expression  (tournures,  Wendungen). 
Carlyle's  influence  has  been  great  in  inti'oducing  novel 
epithets,  borrowed  or  imported  frequently  from  the 
German.  Matthew  Arnold  has  laboured  in  a  similar 
direction,  his  models  being,  besides  Goethe  and  Heine, 
mostly  French  authors,  such  as  Sainte-Beuve  and  the 
introspective  school.  Germany  has  been  less  fortunate 
in  extending  her  vernacular  vocabulary :  the  facility 
which  her  language  possesses  of  assimilating  foreign  words 
and  using  them  almost  without  any  alteration  has  done 
much  to  complicate  German  style,  destroying  its  sim- 
plicity, its  graces,  the  poetical  element.  It  will,  however, 
probably  be  found  that  by  far  the  greatest  accession  to 
the  vocabularies — though  not  to  the  finer  modelling — of 
the  modern  languages  has  come  from  the  influence  of  the 
sciences  on  general  culture  and  literature.  Well-known 
words,  long  in  use,  have  at  the  same  time  through  this 
influence  acquired  altered  or  more  specific  meanings. 

The  vaguer  word  "  development "  has  been  supplanted 
by  "evolution."     "Differentiation"  has  a  definite  philo- 
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Sophie — not  only  a  mathematical — meaning.     The  word 
"  positive  "  has,  besides  the  logical  signification,  acquired 
at    least    two    meanings    which    are    very  specific,   and 
which    it    did    not   possess    formerly.      "Energy"  has, 
besides  the  general  meaning,  and  the  philosophical  one 
which  Aristotle  assigned  to  it,  acquired  a  special  meaning, 
having  first  in  England  and  then  abroad  taken  the  place 
of  "force"  as  a  more  correct  and  definable  term.     In 
connection  with  it,  "  correlation  "  and  "  conservation  "  are 
terms  of  very  specific  value.    The  word  "fittest"  and  the 
phrase  "  struggle  for  existence  "  mean  something  different 
from  what  they  meant  fifty  years  ago.     Then  there  are 
the  terms  "exact"  and  "science"  themselves,  which  mean 
something  different  now  from  what  they  meant  formerly. 
And  coming  out  of  the  more  recent  doctrines  of  the  limits 
of  human  and  conscious  individual  knowledge,  there  are 
the  words  "  unconscious,"  "  unknowable,"  and  "  agnostic," 
which  indicate  whole  trains  of  novel  thought.     It  would 
indeed  be  an  interesting  and  useful  investigation  to  follow 
up  to  their  origin  the  many  new  words  and  phrases,  or 
the  altered  meanings  of  well-known  and  familiar  words, 
in  which  the  three  principal  European  languages  abound. 
It  would  be  a  methodical  study  of  the  changes  which 
thought  has  undergone. 

Nor  need  such  an  undertaking  be  based  upon  any 
particular  or  one-sided  theory  as  to  the  connection  of 
Civilisation,  Thought,  and  Language.  This  century  has 
not  been  wanting  in  such,  from  the  extreme  theory  of 
De  Bonald,^  who  saw  in  Language  an  immediate  Divine 
revelation,  to  the  most  recent  and  more  scientific  view 

^  DeBonald  (1754-1840),  'L^islation  primitive,'  Paris,  1802. 
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of  Max  Miiller,  who  would  absorb  philosophy  in  the 
science  of  Language^  in  the  same  way  as  Astronomy  has 
to  many  become  merely  "  une  question  d'analyse."  In  a 
certain  sense  we  can  agree  with  both  of  these  thinkers. 
Without  discussing  the  vexed  question  of  the  origin  of 
Language  and  Thought,  to  us  as  individuals,  born  in  a 
civilised  and  intellectual  age,  words  certainly  came  earlier 
than  clear  and  conscious  thought.  The  easy  manner  also  in 
which,  through  the  use  of  our  parents'  tongue,  we  became 
introduced  into  a  complex  and  bewildering  labyrinth  of 
highly  abstract  reasoning  is  little  short  of  a  miraculous 
revelation.  But,  as  I  mentioned  above,  it  is  not  my 
intention  to  study  the  development  of  European  thought 
during  this  century  by  means  of  a  close  analysis  of  the 
changes  and  growth  of  the  three  principal  languages. 
Such  an  enterprise  would  demand  an  amount  of  lexico- 
graphical knowledge  possessed  only  by  the  authors  of 
dictionaries  like  those  of  Grimm,  Littre,  and  Murray. 
But  though  I  am  not  qualified  for  such  a  task,  there  is  one 
special  point  on  which  I  cannot  avoid  being  drawn  into 
a  grammatical  discussion.  It  refers  to  the  word  Thought 
itself.  How  is  the  meaning  which  I  and  my  readers  con- 
nect with  this  word  to  be  expressed  in  French  and  Ger- 

pressea  in 

French^and  j^qj^  ?  How  are  wc  to  translate  the  word  ?  The  subject  we 
deal  with  does  not  belong  to  England  alone,  but  as  much 
to  France  and  to  Germany :  it  must  thus  have  a  name  in 
each  of  their  languages.  Now  I  believe  that  the  word 
pens^e  expresses  in  French  very  nearly  the  same  thing 
which  we  mean  in  English   by   thought.     It  is   some- 

^  See  his  '  Science  of  Thought, '  London,  1 887,  especially  pp.  292  and 
550. 
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what  more  difficult  to  find  a  corresponding  word  in  Ger- 
man.   I  have  for  some  time  hesitated  whether  to  use  the 
word  Geist  or  Weltanschauung,  two  terms  frequently  used 
to  express  the  aggregate  of  the  inner  life  of  an  age :  but 
have  finally  resolved  to  use  the  word  Denken,  as  this  word 
lends  itself  to  the  same  contrasts  of  Life  and  Action 
{Leben  und  Handeln),  denoting  the  inner  world,  whereas 
the  opposite  of  Geist  is  /S/Jo/ (matter),  and  Weltanschauung, 
though  an  expressive  and  untranslatable  word,  denotes 
rather  the  outcome,  the  result,  of  thought  than  thought 
itself.    Passing  from  the  word  to  the  subject  itself,  I  find 
that  the  greater  definiteness  of  the  term  in  the  English 
language  is  accompanied  also  by  a  more  abundant  litera- 
ture of  the  subject.     The  larger  idea  of  a  Philosophy  of 
History  is  indeed  due  mainly  to  Continental  thinkers,  o'msX^ 
especially    to    Herder,  Hegel,   Comte,  and    Guizot,  and  t^^^?"' 
Voltaire's   '  Si^cle  de  Louis  XIV.'  will   always   be   the  ^^''^'''' 

model  of  the  historical  picture  of  a  period.     Still  it  is 

in  my  opinion— mainly  the  writings  of  Carlyle,  Buckle, 
Draper,  Lecky,  Leslie  Stephen,  and,  considering  its  size, 
perhaps  more  than  all,  Mark  Pattison's  *  Essay,' ^  which 
have  fixed  in  our  minds  the  meaning  of  the  word 
Thought  as  the  most  suitable  and  comprehensive  term 
to  denote  the  whole  of  the  inner  or  hidden  Life  and' 
Activity  of  a  period  or  a  nation.  I  therefore  put  in  a 
claim  to  start  with  the  use  of  the  English  word,  as 
sufficiently  familiar  \o  most  of  my  readers,  and  request 
those  who  may  object  to  the  vagueness  of  the  French 


/ 


^  See  *  Essays  and  Reviews,' 
*  Tendencies  of  Religious  Thought 
in  England,  1688-1750,'  by  Mark 
Pattison;    also    Leslie    Stephen's 


remarks  on  it  in  the  Preface  to  \ 
his  *  History  of  English  Thought  / 
in  the  Eighteenth  Century.' 
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and  German  equivalents  tc  look  for  a  definition  of  my 
intention  in  the   English  word  "Thought."     I  am  not 
aware  that  French  literature  possesses  any  "  histoire  de 
la  pens^e,"  either  of  a  longer  or  shorter  period ;  I  know 
of  innumerable  works  in  German  which  cover  a  similar 
field,  but  they  have  mostly  used  the  word  Weltanschauung, 
or  expanded  the  meaning  of  Thought  into  the  wider  sense 
of  a  history  of  Civilisation  (Kulturgeschichte)  or  narrowed 
it  to  that  of  Literature,  proving — as  it  seems  to  me — 
the  real  want  of  a  concise  term  such  as  the  English 
language  now  supplies.     And  yet,  I  think  I  am  right 
in  saying  that  the  conception  of  Thought,  in  the  sense 
in  which  I  am  using  it,  is  truly  an  outcome  of  interna- 
tional, not  of  specifically  English  progress,  and  belongs 
mainly  to  the  period  of  which  I  am  treating, — a  period 
characterised,  as  I  have  already  remarked,  by  the  great 
interchange  of  ideas,  by  the  breaking  down  of  intellectual 
barriers,  between   the   principal   European  nationalities. 
It  was  above  all  in  the  mind  of  Thomas  Carlyle,  who  first 
among  Englishmen  made  a  profound  study  of  the  intel- 
lectual agencies  which  brought  about  the  great  change  in 
modern  Europe,  that  the  conception  formed  itself  of  an 
intellectual  and  spiritual  organism,  underlying  and  moving 
external  events.     He  first  gave  the  peculiar  sense  to  the 
word  Thought,  in  which  we  here  employ  it,  and  made  it 
an  object  of  special  study  for  those  who  came  after  him ; 
an  object,  indeed,  definable  in  various  ways  and  to  be  con« 
templated  from  differing  points  of  view,  but  yet  a  some- 
thing, a  power  recognised  by  every  one,  and  for  which  no 
better  word  could  be  invented.     No  other  language  has  a 
word  so  comprehensive,  denoting  at  once  the  process  and 
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the  result,  the  parts  and  the  ideal  whole,  of  what  is  felt 
and  meant :  it  commits  us  to  no  preconceived  theory, 
can  be  used  equally  by  thinkers  of  the  most  opposite 
views,  and  lends  itself  to  any  specialisation  which  may 
become  necessary. 


II. 


Two  processes  have  helped  to  determine  the  intel- 
lectual progress  of  mankind.      These  two  processes  have  Sitoi^of 

/?,  •,  ^  intellectual 

otten    been   apparently  opposed  to  each  other  in  their  P^g^ess. 
operations ;    but  in  reality  neither  of  them  can  proceed 
very  far  without  calling  the  other  into  existence.     They 
are   the  extension  and  the  condensation  of  knowledge. 
Curiosity,  the  demands  of  practical  life,  the  experiences 
of  every  day,  all  tend  to  an  enlargement,  to  an  accumula- 
tion of  knowledge.     Such  growing  knowledge  is,  however, 
of  little  avail  if  it  be  not  readily  grasped :  the  command 
of  knowledge  is  as  important  as  its  accumulation.     The 
more  extensive  the  country  which  we  wish  to  explore,  the 
more  we  look  out  for  elevated  and  commanding  points 
of  view,  which  permit  us  at  a  glance  to  overlook  a  wide 
landscape  measuring  the  distance  behind  or  the  prospect 
before  us.      But,  however  enticing,  these  elevated  views 
are  frequently  seductive  and  misleading.     They  permit  us 
not  only  to  look  backward  on  the  land  which  we  have 
explored,  giving  us  a  clearer  picture  of  its  many  features, 
of  its  winding  paths,  of  the  position  of  its  separate  objects 
— these  elevated  views  present  to  us  likewise  the  regions 
which  we  have  not  yet  explored,  and  suggest  the  attempt 
to  supersede  the  laborious  process  of  further  exploration 
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by  the  more  delightful  venture  of  fillmg  up  the  dim  out- 
lines which  we  see  before  us,  with  analogies  of  past  ex- 
perience or  creations  of  our  imagination.  And  even  if 
we  do  descend  into  the  plains  and  continue  the  minuter 
and  more  laborious  search,  we  cannot  rid  ourselves  of  cer- 
tain preconceived  but  frequently  misleading  ideas  which 
the  superficial  glance  has  impressed  on  our  minds. 

The  condensation  may  become  an  idealisation  of  know- 
ledge.    History  affords  numerous  examples  of  these  dif- 
ferent stages  of  progress ;  centuries  of  dull  accumulation, 
of  unmethodical  and  ill-arranged  learning,  have  been  fol- 
lowed by  short  periods  of  enlightenment,  by  the  trium- 
phant shout  of  sudden  discovery  or  the  confident  hope  of 
invention.    Patient  work  and  real  progress  have  for  a  long 
time  been  repressed  by  the  allurements  of  seductive  phan- 
toms, which  have  had  to  be  abandoned  after  an  immense 
waste  of  labour.      New  prospects  have  suddenly  opened 
the  view  into  vast  unexplored  regions,  heights  have  been 
gained  from  which  the  whole  of  human  knowledge  ap- 
peared for  the  moment  condensed  into  a  single  truth  or 
idealised  into  a  vision,  and  again  these  delightful  achieve- 
ments have  for  a  time  appeared  lost  in  an  all-pervading 
discouragement  and  dismay. 

Whether  our  century  has  been  characterised  by  any 
one  or  by  a  succession  of  several  of  these  varying  moods, 
is  a  question  which  I  hope  to  answer  in  the  sequel.  For 
the  present  it  is  sufficient  to  note  that  in  both  directions — 
in  that  of  accumulating  and  in  that  of  condensing  and 
idealising  knowledge— the  efforts  of  the  nineteenth  cen- 
tury have  been  many  and  conspicuous.  In  the  former  it 
is  altogether  unparalleled,  whereas  in  the  latter  it  has 
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probably  not  equalled  the  ideal  greatness  of  Greece  in 
the  Periclean  age,  the  brilliancy  of  the  Eenaissance  in 
Italy,  or  the  great  discoveries  of  the  sixteenth  and  seven- 
teenth centuries  in  France  and  England.     But  what  our 
century  has  done  is  this :  it  has  worked  out  and  deposited 
in  special  terms  of  language  a  clearer  view  of  the  correct 
methods  for  extending  knowledge,  and  a  peculiar  concep- 
tion of  its  possible  unity.     At  one  time — and  that  not 
very  long  ago — the  word  truth  seemed  to  indicate  to  the 
seeker  not  only  the  right  method  and  road  for  attaining 
knowledge,  but  also  the  end,  the  crown  of  knowledge. 
"  Truth,  and  nothing  but  truth,"  seems  still  to  the  popular 
mind  the  right  maxim  for  seeking  knowledge — the  whole 
truth  stands  before  it  as  the  unity  of  all  knowledge,  were 
it  found.     I  think  it  is  now  sufficiently  clear  to  the  scien- 
tific inquirer,  as  well  as  to  the  philosopher,  that  love  of 
truth,  while  it  does  indeed  denote  the  moral  attitude  of  the 
inquiring  mind,  is  insufficient  to  define  either  the  path  or 
the  end  of  knowledge.     "  What  is  truth  ? "  is  still  the  un- 
solved question.     The  criteria  of  truth  are  still  unsettled. 
It  would,  indeed,  be  a  sorrowful  experience,  a  calamity  of 
unparalleled  magnitude,  if  ever  the  moral  ideas  of  truth 
and  faith  should  disappear  out  of  the  soul  of  either  the 
active  worker  or  the  inquiring  thinker ;  but  it  is  with 
these  as  with  other  treasures  of  our  moral  nature,  such  as 
goodness  and  holiness,  beauty  and  poetry — our  knowledge 
of  them  does  not  begin,  nor  does  it  increase,  by  definition ; 
and  though  in  the  unthinking  years  of  our  childhood  we 
acquire  and  appropriate  these  moral  possessions  through 
the  words  of  our  mother-tongue,  they  rarely  gain  in  depth 
or  meaning  by  logical  distinctions  which  we  may  learn, 
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or  to  which  we  have  to  submit,  in  later  life.  These  do 
not  touch  the  essence,  though  very  frequently  they  may 
succeed  in  destroying  the  depth,  of  our  convictions. 

In  the  place,  then,  of  the  high-sounding  but  indefinable 
search  after  truth,  modern  science  has  put  an  elaborate 
method  of  inquiry:  this  method  has  to  be  learnt  by  patient 
practice,  and  not  by  listening  to  a  description  of  it.  It  is 
laid  down  in  the  works  of  those  modern  heroes  of  science, 

.,  from  Galileo  and  Newton  onward,  who  have  practised  it 
successfully,  and  from  whose  writings  philosophers  from 
Bacon  to  Comte  and  Mill  have — not  without  misunder- 
standing and  error — tried  to  extract  the  rationale.  These 
methods  will  take  up  a  large  portion  of  our  attention. 

(For  the  moment  it  is  important  to  note  that  the  result  or 
aim  of  scientific  inquiry  does  not  dictate  the  methods, — the 
purely  scientific  inquirer  does  not  know  where  the  path 
will  lead  him :  it  is  sufficient  that  it  be  clearly  marked. 
Modern  science  defines  the  method,  not  the  aim,  of  its 
work.J  It  is  based  upon  numbering  and  calculating — in 
short,  upon  mathematical  processes ;  and  the  progress  of 
science  depends  as  much  upon  introducing  mathematical 
notions  into  subjects  which  are  apparently  not  mathe- 
matical, as  upon  the  extension  of  mathematical  methods 
and  conceptions  themselves.  The  terms  "exact"  and  "posi- 
tive" are  current  in  the  Continental  and  English  languages 
to  denote  these  methods  and  their  application.  Now  to 
any  one  who  does  not  stand  in  the  midst  of  the  scientific 
work  of  the  age,  it  might  appear  as  if  by  merely  following 
a  defined  method  which  is  capable  of  numerous  modifica- 
tions,— by  treading  a  clear  path  which  in  its  course  leads 
us  to  endless  equally  defined  ramifications, — the  scientific 
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"er    h  \  ''?  ""^  ^"^^  --«  tJ^-  elevated 

V   w.  those  points  of  condensation,  those  unifying  and 
Kleahsing  aspects  on  which,  as  it  seems  to  us   the  com 

a  most  .nevz^w     so  far  as   the  older  ideas    are    con- 
cerned     Unity  of  knowledge,  order  and  harmony,  even 

nXTl:""'  ^'""^'^^'  *™^^  ^^'^  '^^^'y'  -indeed  ' 

no  longer  of  direct  use  as  canons  for  the  scientific  inquirer 

:Tt"  ?  ™'^*"^"  ^'^'^^  ^"PP°-^  *°  »>«  -hereS 

m  certain   numbers.     Though  we  still  live   under  the 

charm  of  such  entities,  however  much  we  may  try  to  get  rid 

of  them,  It  must  nevertheless  be  admitted  that  the  poetical 

philosophical,  and  religious  aspects  of  things  seem  to"  cede        s 

guide  scientific  search  :  it  does  not  receive  from  them  much  -- .a 
support.     Have  both  sides  been  losers  by  this  change.  ^°'"^- 
So  ar  as  science  is  concerned,  it  can  claim  to  have  attained 
by  It  not  only  a  greater  formal  completeness  and  certainty 
o^progress,  but  also  another  very  important  advantage 
^vhlch  was  unknown  to  ancient  and  medi.^val  research. 

This  advantage  consists  in  the  closer  connection  be-        , 
piritThZ  "'  '"'""'  "'"     ^'^  "  mathematical  S™ 
commeree,  and  industry,  and  is  gradually  penetrating  into  "'• 

For  T:r''  "''  "  "^'"'"^'  ^^"'  ^"'^  administration 
For  all  these  pursuits  have  either  directly  to  do  with 

numbers,  measures,  and  weights,  with  distances  of  space 
and  time,  or  thev  havp  fn^n^  ;f  ^ 

.n  .1  u   \  '^  necessary  to  introduce 

an  elaborate  system  of  ^tati^i^ina  o«^ 

-^  statistics  and  averages  through 

and  individual  influences  are  practically  eliminated.    The 
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problems  of  scientific  research  have  thus  enormously  in- 
creased ;  each  advance  in  science  increases  our  command 
of  certain  measurable  phenomena  in  practical  life ;  each 
^ew  development  in  the  latter  prepares  a  new  field  for 
scientific  inquiry.     The  contact  between  science  and  life 
has  become  more  intimate  in  the  course  of  our  century. 
This  to  a  great  extent  has  counterbalanced  the  tendency 
of  modem  scientific  method,  which,  operating  alone,  would 
have  led  to  endless  specialisation ;  for  it  is  the  peculiarity 
,0        of  all  practical  problems  that  they  cannot  be  isolated  m 
TX^ci'  the  same  way  bb  scientific  experiments-that  they,  in  fact, 
'"''^""-     force  upon  us  the  necessity  of  looking  at  a  large  number 
of  surrounding  and  extraneous  circumstances,  at  the  total- 
ity of  life  and  its  interests.^ 

If  our  century  can  claim  to  have  firmly  established 
exact  or  positive  methods  in  science  and  life,  and  to  have 
furthered  in  this  way  the  interests  of  both,  the  question 
„        remains,  Has  nothing  been  done  to  uphold  those  older, 
S^tr  those  time-haUowed  ideals  of  truth,  beauty,  and  wisdom 
dcSr       ^hich  to  former  ages  seemed  to  denote  the  unifying  and 
^"^^     harmonising  principles  of  science  and  life  ?     What  has 
become  of  philosophy,  art,  and  religion,  which  were  once 
intrusted  with  the  special  care  of  those  ideals,  charged 
with  preventing  the  falUng  asunder  of  the  many  branches 
of  knowledge  and  practice,  and  expected  to  save  us  from 
a  loss  of  the  belief  in  the  integrity,  interdependence,  and 
co-operation  of  all  human  interests  ? 


1  Science  deals  with  things  in  the 
abstract,  in  their  isolation,  in  vacuo. 
Practical  life  deals  with  the  same 
things  in  their  position  in  the  real 
w  wld,  surrounded  by  other  things. 


In  this  distinction  lies  the  value  of 
Lotze's  definition  of  the  reahty  of 
a  thing  as  "  a  standing  in  relation," 
vk.,  to  other  things,  to  all  things. 
See  '  Microcosmus,'  book  ix. 
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Unless  I  believed  that  our  age  was  elaborating  a  deeper       is. 
and  more  significant  conception  of  this  unity  of  all  human  ?epttono°"' 

•    J.  i.         i»   ii        •  ,  ^^6  unity 

interests,  ot  the  inner  mental  life  of  man  and  mankind  pf^^^an 
I  do  not  think  I  should  have  deemed  it  worth  while  t^ 
write  the  following  volumes :  for  it  is  really  their  main 
end  and  principal  object  to  trace  the  co-operation  of  many 
agencies  in  the  higher  work  of  our  century ;  the  growing 
conviction  that  all  mental  efforts  combine  together  to 
produce  and  uphold  the  ideal  possessions  of  our  race ;  that 
it  is  not  in  one  special  direction  nor  under  one  specific 
term  that  this  treasure  can  be  cultivated,  but  that 
individuals  and  peoples  in  their  combined  international 
life  exhibit  and  perpetuate  it. 

A  number  of  words  have  during  this  century  been  in-        is. 
troduced  by  various  systems  of  philosophy  to  denote  this  tems  for 

.,  „     ,        .  i.«        n  expressing 

unity  ot  the  inner  hfe  of  mankind  :  Hegel's  Geist,  Comte's  *^*^  "^*y-    . 
Humanity,  Lotze's  Microcosm,  Spencer's  Social  Organism, 
all  refer  to  special  sides  and  aspects  of  the  same  subject. 
And  it  is  interesting  to  note  how  the  great  schools  of 
Idealism  in  Germany,  of  Positivism  in  France,  of  Evolu- 
tion— physical  and  mental — in  England,  and— in  spite  of 
their  apparently  disintegrating  tendencies — how  the  social 
changes  of  the  Eevolution  and  the  specialisations  of  science 
have  all  combined  to  emphasise  this  unity  of  human  life 
and  interests.     To  show  this  in  detail  is  the  object  I  have 
in  view.     So  far  we  have  not  committed  ourselves  to  any 
of  the  many  existing  theories  :  the  word  Thought  seems  to       i4. 
me  to  be  capable  of  the  widest  application,  and  to  denote  K^^"^ 
in  the  most  catholic  spirit  whatever  of  truth  and  value 
may  be  contained  in  the  combined  aim  and  endeavour  of 
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15. 

1750  to  1S50. 
The  age  of 
encyclopae- 
dic treat- 
ment of 
learning. 


all  these  modern  aspirations.     A  history  of  this  thought 
will  be  a  definition  of  Thought  itself. 

Much  has  been  done  in  the  course  of  this  century  to 
prepare  for  an  undertaking  such  as  the  one  before  me.    It 
will  be  well  to  review  shortly  this  special  side  of  modern 
literature.     We  have  indeed  passed  out  of  what  may  be 
called  the  age  of  encyclopedic  treatment  of  learning— the 
hundred  years  from  the  middle  of  the  last  to  the  middle  , 
of  the  present  century.*    The  plan  of  such  an  arrangement  ■ 
of  knowledge  belongs  to  an  earlier  period,  the  period  im- 
mediately succeeding  the  birth  of  modern  science.     Lord 
Bacon  was  the  father  of  it,  but  neither  he  nor  the  most 
encyclopisdic  inteUect  of  modern  times,  Leibniz,  did  much 
to  realise  the  idea,  and  it  was  reserved  for  the  genius  and 
the  labours  of  Diderot  and  d'Alembert'"  in  France,  in  the 


1  "Encyclopaedia  nomen  hodie 
frequentius  auditur  quam  alias." — 
Gessner  in  Gottinger  Lections-Kata- 

log  for  1756. 

■^  Diderot's  "  Prospectus  "  to  the 
*  Encyclop^die '  appeared  1750  ;  the 
fii-st  volume  appeared  1751  with  the 
celebrated  "  Discours  preliminaire  " 
of  d'Alembert  and  a  reprint  of  the 
"Prospectus."     The  complete  title 
was  *  Encyclopedic  ou  dictionnaire 
raisonn^  des  sciences,   des  arts  et 
metiers,  par  une  soci^t^  de  gens  de 
lettres,  mis  en  ordre  et  public  par 
Diderot  et  d'Alembert.'     The  prm- 
ciples   which   guided    the    editors, 
and  the  object  of  the  work,  are  ex- 
plained, with  repeated  references  to 
Lord  Bacon,  in  this  introduction, 
as  well  as  in  the  article  ♦'Encyclo- 
p6die,"  m  the  fifth  volume  (1755), 
which  was  written  by  Diderot,  and 
occupied  28  pages.     See  also  Did- 
erot's 'Pens^s  sur  I'interpretation 
de   la   Nature,'   published   anony- 
mously in  1754. 


Copious  details  about  the  history, 
the  reception,  and  the  influence  of 
the  '  Encyclopedic '  are  to  be  found 
in  the  correspondence  and  memoirs 
of    Grimm,   d'Alembert,   and   Vol- 
taire, Madame  d'Epinay,  the  Abb^ 
Morellet,  and  many  others.     They 
are  combined  into  a  concise  narra- 
tive, giving  all  the  important  facts, 
in  Roseukranz's  '  Leben  und  Werke 
Didcrots,'   2   vols.,    Leipzig,   1866, 
and  in  John  Morley's  'Diderot. 

It  is  interesting  to  note  how  the 
idea  of  the  unifying  and  life-giving 
influence  of  thought  was  as  familiar 
to  Diderot  as  it  is  to  us  :  "  Si  Ton 
bannit  I'homme  ou  I'etre  pensant 
et  contemplateur  de  dessus  la  sur- 
face de  la  terre  ;  ce  spectacle  path^- 
tique  et  sublime  de  la  natun3  u'est 
plus  qu'une  sc^nc  tristc  et  muettc. 
L'univers  se  tait ;  le  silence  et  la 
nuit  s'en  em  parent.    Tout  se  change 
en  une  vaste  solitude,  od  les  ph^no- 
m^nes  inobservds  se  passent  d'une 
manidre  obscure  et  sourde.    .    .    . 
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middle  of  the  eighteenth  century,  to  carry  out  the  plan, 
foreshadowed  in  the  'Novum  Organum,'  of  collecting  all 
knowledge,  which  had  been  accumulated  ever  since  science 
had  been  liberated  from  the  fetters  of  theology,  into  one 
comprehensive  whole.  It  must,  however,  be  admitted 
that  whilst  the  practical  end  of  these  laborious  under- 
takings, the  dififusion  of  knowledge,  has  certainly  been 
greatly  furthered,  the  original  idea,  that  the  sum  of  S^e 
human  knowledge  is  an  organic  whole,  has  in  the  exe-  fo^t^Sit  of 

i  •         -1  ,         ,  in  encyclo- 

cution  been  by  degrees  entirely  lost  sight  of.     The  unity  1%%1 
of  thought  and  knowledge   was   indeed  referred  to  in 
Diderot's  "  Prospectus  "  and  d'Alembert's  "  Discours  pre- 
liminaire," and  in  the  introduction  to  Ersch  and  Gruber's 
great  Encyclopaedia,^  as  also  in  Coleridge's  celebrated  essay 


Voilh  ce  qui  nous  a  ddtermind  h 
chercher  dans  les  facultdsprincipalcs 
de  I'homme  la  division  g^ndrale  k 
laquelle  nous  avons  subordonnd 
notre  travail. "—Article  "Encyclo- 
pedic,' p.  641. 

^  Ersch  und  Gruber's  *  Allgemeinc 
Encycloptidie    der    Wissenschaften 
und  Kunste,' Leipzig,  1818  to  1875, 
unfinished,  151  vols.    It  was  founded 
by  Professor  Johann  Samuel  Ersch, 
librarian  at  Halle  in  1813,  assisted 
by  Hufeland,   Gruber,  Meier,   and 
Brockhaus,   and   contained    contri- 
butions by  the  most  learned  and 
eminent  Germans  of  the  century. 
It  is   interesting   to   compare    the 
plan  and  principles  which  guided 
the  editors,  as  expounded  in  the  in- 
troductions to  the  first  and  second 
volumes,    with    the    corresponding 
dissertations  prefixed  to  the  '  Ency- 
clopedic '  in  France  and  the  '  Ency- 
clopaedia Metropolitana'  in  England. 
The  unity  aimed  at  by  Bacon  was 
either  purely  formal,  securing  only 
uniformity    and    completeness    of 
treatment,  or  it  was  that  of  prac- 


tical usefulness— the  philosophy  of 
fruit  and  progress.    The  plan  adopt- 
ed by  Diderot  and  d'Alembert  could 
hardly  attain  anything  more  than 
this.     Coleridge,  nursed  in  German 
philosophy,  and   deeply  impressed 
with  the  fact  that  there  is  a  higher 
view  than  that  of  Lord  Bacon,  and 
that  such  is  to  be  found  rather  in 
writers  like  Plato  and  Shakespeare, 
uses  the  word  method  in  a  much 
wider  sense.     He  was  deeply  affect- 
ed by  the  spirit  of  the  idealistic 
phUosophy,   which   was  foreign   to 
Bacon  and  unduly  despised  by  him. 
In  the  idealistic  systems  of  the 
Continent,   beginning    with    Kant, 
the  opinion  was  current  that  the 
methods  and  treatment  of  science 
a!one  were  insufficient  to  close  the 
circle    of    knowledge.      The    truly 
encyclopaedic  view,  was  only  possible 
in  a  scientific  investigation    speci- 
ally carried  on  for  that  purpose, 
and  this  was  considered  to  be  one 
of  the  main  objects  of  philosophy. 
Thus  Kant  in  many  passages  of  his 
works,  notably  vol.  ii.  pp.  377,  378, 
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on  the  science  of  method  prefixed  to  the  '  Encyclopedia 
Metropolitana ' ;  but  the  result  has  shown,  what  was  not 
evident  to  Lord  Bacon,  that  neither  a  systematic  division 
of  learning  according  to  some  logical  principle,  nor  the  his- 
torical identity  of  the  beginnings  of  all  branches  of  know- 
ledge, can  in  the  end  preserve  the  real  unity  and  mtegrity 
of  thought.     The  work  of  the  advancement  of  learning, 
if  it  be^'once  handed  over  to  different  sciences  and  in- 
trusted to  separate  labourers,  does  not  proceed  in  a  cycle 
which  runs  back  into  itself,  but  rather  in  the  rings  of  an 
ever-increasing  spiral,  receding  more  and  more  from  the 
common  origin.     Such  is  the  impression  we  get  if  we 
contemplate  the  unfinished '  rows  of  Ersch  and  Gruber  ^ 

613  ;  vol.  iii.  pp.  188,  212 ;  vol.  v. 
p  312  (Rosenkranz's  edition),  especi- 
aily  the  two   following  :    "  Philos- 
ophy is  the  only  science  which  can 
procure  for  us  inner  satisfaction, 
for  she  closes  the  scientific  cycle, 
and  through  her  only  do  the  scien- 
ces receive  order  and  connection. 
And:     "Mere    * iroXvKrropia'    is    a 
cyclo'pean  learning  which  wants  one 
eye— the   eye   of    Philosophy— and 
a'  Cyclops  among   mathematicians, 
historians,  naturalists,  philologists, 
and  linguists,  is  a  scholar  who  is 
great  in  all  these  lines,  but  having 
these  considers   all   philosophy   as 
superfluous."       Still,     with     Kant 
Philosophy  is  not  an  "instrument 
for  the  extension,"  but  merely  a 
study  of  ♦' the  limits  of  knowledge    j 
she    does    not    "discover    truth, 
but  only  "prevents  error.        Ims 
modest  definition  was  given  up  in 
the   systems  of  Fichte,   Schellmg, 
and  Hegel,  who  maintained  that  a 
certain  kind  of —and  this  the  highest 
—knowledge  could  be  attained  by 
starting  from  one  highest  principle 
deductively:     the    all  -  embracmg, 
encyclopedic  character  of  philoso- 


phical, speculative  knowledge  was 
increasingly   emphasised,   and   this 
not  only  in  special  lectures  on  the 
subject,  as  in  Fichte's  lectures^  oa 
"The  Nature  of  the  Scholar,     in. 
Schelling's    on    "The    Method    of 
Academic  Study,"  in  Hegel's  'Ency-^ 
clopajdia  of   Philosophy.'  but  alsa 
in  the  regeneration  and  reform  of 
many  older  and  in  the  foundatiott  / 
of  new  universities  and  academies 
throughout  Germany.      The  great 
*  Encyclopeedia '  of  Ersch  and  Gruber 
was  planned  in  a  similar  spirit,  as 
the  reform  of  university  teaclung 
and  of   academic  learning.      This 
reform  has  been  of  the  greatest  im- 
portance to  the  German  nation  and 
to    the    interests    of    science    and 
knowledge.     Tlie  Encyclopaedia,  on, 
the     other    hand,     has    remainedi 
incomplete,    a   huge    but   abortive 
attempt  to  combine  not  only  the- 
principles   of  knowledge,   but  also 
the  colossal  and  growing  volume  of 
it,  into  a  systematic  whole. 

1  The  promoters  of  it  were  evi- 
dently not  sufficiently  impressed 
with  the  two  very  essential  con- 
ditions which  make  a  work  of  this- 
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volumes,  or  if  we  recognise  the  fact  that  the  more  useful 
and  popular  publications  of  our  day  have  abandoned  the 
philosophical  introductions  and  preliminary  discourses^ 
by  which  the  earlier  works  preserved  a  semblance  of 
unity  and  method,  and  are  contented  to  be  merely  useful 
dictionaries  of  reference.  The  encyclopaedic  treatment  of 
knowledge,  the  execution  of  Lord  Bacon's  scheme,  has 
shown  that  the  extension  and  application  of  learning 
leads  to  the  disintegration,  not  to  the  unification,  of 
knowledge  and  thought.  A  conviction  of  this  sort  is 
no  doubt  the  reason  why  in  German  universities  lectures  "Encycio- 
on  "  Encyclopadie  "  have  been  abandoned.^     They  were  aSaidoned 

,  ,  .  •'in  German 

very  general   and  popular  m   the  earlier  years  of  the  ^^^ersities. 
century,  when,  under  the  influence  of  Kant,  Fichte,  and 


17. 
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kind  useful— vis.,  that  it  must  be 
finished,  however  imperfect  it  may 
be,  and  that  it  must  be  completed 
within  a  limited  time,  on  account  of 
the  revolutions  and  smaller  changes 
in  thought  and  knowledge.     These 
essential  conditions  were  always  be- 
fore the  mind  of  Diderot.     See  his 
article  "Encyclopedic,"  pp.  636-644. 
^  The  object  of  the  philosophical 
introductions  has  in  course  of  this 
century  been  much  more  completely 
attained  by  such   works  as   Mill's 
'  Logic '  and  Jevons's  '  Principles  of 
Science ' ;  whilst  the  "  preliminary 
•dissertations,"   such   as   were  con- 
tained in  the  older  editions  of  the 
^Encyclopaedia    Britannica,'    have 
been  partially  superseded  by  works 
like  Whewell's   'History'  and  his 
^Philosophy  of  the  Inductive  Sci- 
-euces,'  in  which  the  common  origin, 
the  genesis,  the  continuous  develop- 
ment and  interdependence  of  the 
different  sciences,  are  traced.     The 
value  in  this  respect  of  an  under- 
taking like  that  of  the  Royal  Ba- 


varian  Academy  (*Geschichte  der 
Wissenschaften    in     Deutschland,' 
vol.  i.,  1864  ;   it  has  now  reached 
22  vols.,  the  science  of  War  signifi- 
cantly filling  three  large  volumes, 
that  of  Mathematics  one  small  one) 
is   much   diminished   by   the   title 
suggesting  that  science  is  a  nation- 
al, not  a  cosmopolitan  or  interna- 
tional concern.     Fortunately  many 
of  the  contributors  to  this  impor- 
tant and  highly  useful  publication 
have  not  limited  their  narratives 
to  purely  German  science,  but  have 
largely  taken  notice  of  non-German 
research.     Special   reports  on   the 
state  of  any  science  or  branch  of 
science  in  a  nation  have,  of  course, 
quite    a    different    meaning    and 
value. 

2  The  term  is  still  in  use  for 
courses  of  lectures  giving  a  gen- 
eral and  comprehensive  view  of 
special  sciences  :  thus,  "  Encyclopa- 
die des  Rechts,  der  Medicin,  der 
Philologie,  der  Philosophic,  der 
Theologie." 
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Schleiemacher,  university  teaching  and  learning  entered 
on  a  new  era,  in  which  the  idea  prevailed  that  com- 
pleteness, universality,  and  unity  of  knowledge  could  be 
secured  by  one  and  the  same  arrangement  of  study, 
was  the  age  when  philosophy  for  the  last  time  had  got  a 
firm  hold  of  all  departments  of  knowledge,  and  permeated 
all  scientific  pursuits ;  ^  when,  favoured  by  political  events, 


1  On  this  subject  the  literature 
connected  with  the  foundation  of 
the  University  of  Berlin  in  the  year 
1809  is  of  special  interest.     It  was 
essentially  the  creation  of  Wilhelm 
von  Humboldt,  though  prepared  by 
Wolf    and    Beyme    in    1807.     See 
Seeley,  '  Life  of   Stein,'  vol.  ii.  p. 
430   sqq.  ;   Haym,    '  Leben   \V    v. 
Humboldts,'  p.  270  sqq.    The  foun- 
dation of  this  university  m  the  year 
of  Prussia's  greatest  misery,  when 
the  first  gleams  of  liberty  m  the 
rising  of  Spain  and  the  success  of 
Aspern  had  been  extinguished  by 
the  defeat  of  Wagram,  the  voting 
of  £22,500  per  annum  for  the  pur- 
poses of  the  new  University  and 
the  Academy  of  Science  and  Arts, 
when  a  crushing  war-tax  hung  over 
the  country,  when  land  was  depre- 
ciated,   the   necessaries   of    life   at 
famine  prices,  the  currency  of  the 
country  at  a  large  discount,  when 
every   one,  from  the  king  to  the 
lowest  subject,  was  forced  into  sac- 
rifices and  economies  of  every  kind, 
was  an  act  as  heroic  as  the  great 
deeds  on  the  battle-field,  and  as  far- 
seeing  as  the  measures  of  Stein  and 
Scharnhorst.     Interesting  from  our 
point  of  view  are  the  ideas  of  Fichte 
on  university  teaching  and  academic 
learning,  laid  down  in  his  '  Dedu- 
cirter  Plan  einer  zu  Berlin  zu  ernch- 
tenden  hoheren  Lehranstalt,'  writ- 
ten at  the  request  of  the  minister 
Beyme  in  1807.     In  it  a  great  deal 
ia  said  about  encyclopaedic  treat- 
ment.   The  question  of  the  position 


of  philosophy  in  the  encyclopaedic 
or  academic  treatment  of  knowledge 
was  easily  solved  in  the  Kantian 
school,  to  which  most  of  the  above- 
mentioned  writers  belonged.     Later 
on  in  the  school  of  Schellmg  it  be- 
came  more   difficult.     It  was  fre- 
quently discussed  by  Schelling  him- 
self,   who   was   one   of   those   that 
initiated  the  new  era  in  the  Academy 
of   Munich,  which  was  remodelled 
in  the  year  1807.     See,  inter  aha, 
Schelling's  essay,  "  Suggestions  con- 
cerning the  Occupation  of  the  Philo- 
logico-Philosophical  Class"  of   the 
Academy,  and  especially  the  follow- 
ingremarkablepassage('Werke,  vol. 
viii. p. 464  ) :  "If, indeed, Philosophy 
were  denied  living  contact  with  real 
things,  if  she  were  obliged  to  soar 
in  transcendent  regions  without  end 
and  measure,  and  to  rise  a  hungry 
guest  from  the  well-appointed  table 
of  Nature  and  Art,  of  History  and 
Life  ;   then  it  would  be  incompre- 
hensible how  she  could  still  find  so 
much  support  as  to  be  received  m 
an  academy,  and  it  would  be  much 
better  if  we  also  followed  the  path 
of   other  nations,  who  have  lately 
said  good-bye  to  all  philosophy,  and 
have  thrown  themselves,  with  the 
most  glowing  ardour,  upon  the  ex- 
ploration of  Nature  and  Reality  m 
every  direction." 

2  The  principal  representatives  of 
the  encyclopaedic  teaching  at  the 
German  universities  were  Eschen- 
burg,  Krug,  and  Gruber.  The 
latter,  in  his  introduction  to  the 
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ideal  aims,  a  generous  spirit  of  self-sacrifice,  and  a  feeling 
of  one  common  duty  pervaded  the  German  nation,  and 
foremost  in  it  the  teachers  and  students  of  the  German 
universities.^  This  spirit,  as  it  produced  co-operation 
and  unity  of  action,  also  favoured  unity  of  thought,  and 
contributed  much  to  the  popularity  of  several  philosoph-       is. 

Encyclo- 

ical  systems  which  promised  more  than  they  could  give,  padiasdid 
Encyclopaedic  surveys  were  then   supposed  to  be  more  ap^p^^red^ 
than   the   empty   shell,   the  mere   skeleton  of    learning  *°  p^^^^^^^^- 
which  they  have  since  proved  to  be ;  they  were  looked 
upon  as  being  able  to  grasp  and  convey  the  living  spirit 
of    knowledge.     This   phase   of    thought,  which   in   the 
sequel   will    largely   command    our    attention,   has    dis- 


second  volume  of  Ersch  and  Gruber' s 
'  Encyclopiidie,'  gives  a  definition 
and  history  of  encyclopaedic  study, 
which,  according  to  him,  was  intro- 
duced into  the  modern  (German) 
universities  together  with  the  philo- 
sophical faculty.  In  the  beginning 
this  was  subservient  to  the  three 
higher  faculties  (theology,  law,  and 
medicine),  but  gradually  took  the 
lead.  He  argues  that  only  since 
university  studies  have  become  en- 
cyclopaedic can  they  be  considered 
as  furthering  true  humanity.  He 
refers  to  the  great  crisis  through 
which  in  the  beginning  of  the  cen- 
tury literature,  science,  and  arts 
were  passing  (p.  li),  and  mentions 
the  conflicting  principles  in  the 
treatment  of  mathematics,  physics, 
history,  philosophy,  and  philology. 
See  also  the  *  Vorbericht,'  vol.  i. 
p.  vii. 

^  Among  the  mass  of  literature 
dealing  with  this  subject,  .  the 
'Memoirs  of  Frederick  Perthes,' 
by  his  son  (English  translation, 
vol.  i.  chap.  xi.  sqq.)^  and  Steftens's 
*  Autobiography '  ('  Was  ich  erlebte,' 


Breslau,  1840-44,  10  vols.),  give  the 
most  vivid  and  exhaustive  accounts. 
Neither  Stein,  the  great  statesman, 
nor  Goethe,  the  great  poet  and 
thinker  of  the  age,  took  part  in  this 
alliance  of  the  patriotic  and  intellec- 
tual interests  of  the  German  nation. 
Stein's  attitude  to  the  idealism  of 
the  age  is  defined  by  Seeley,  *  Life 
of  Stein  '  (vol.  i.  p.  30,  "  It  is  desir- 
able to  mark  that  between  him 
and  the  literature  and  philosophy 
of  his  time  and  country  there  was 
no  connection  at  all"),  and  is  ex- 
pressed in  a  remarkable  conversa- 
tion which  he  had  with  Stefifens, 
March  1813,  at  Breslau  (quoted  by 
Seeley,  vol.  iii.  p.  119  ;  Stefiens,  vol. 
vii.  p.  120  sqq. )  Goethe's  position  is 
defined  by  his  reply  to  the  invitation 
to  contribute  to  the  '  Deutsches 
Museum,'  a  periodical  planned  by 
the :  bookseller  Perthes.  It  was  to 
be  a  scientific  alliance  of  all  the  in- 
tellect of  Germanv,  and  was  in  time 
"to  be  transformed  into  a  polit- 
ical one  possessing  the  strength  and 
union  necessary  for  vigorous  action  " 
(Perthes'  Memoirs,  vol.  i.  p.  167). 
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appeared;  the  second  half  of  our  century  does  not 
expect  to  find  the  essence  of  knowledge  condensed  in 
any  philosophical  formula,  any  more  than  it  expects  to 
find  the  real  unity  and  integrity  of  thought  preserved  in 
the  fragmentary  articles  of  an  alphabetical  dictionary* 
The  purpose  of  the  latter  is  purely  practical;  it  is  a 
popular  and  handy  instrument  for  the  diffusion  of 
knowledge,  whilst  philosophical  divisions  are  merely 
formal,  and  at  best  are  applicable  only  to  a  narrow 
and  limited  sphere  of  research.^ 

The  age  of  encyclopaedic  representation  of  learning 
and  the  short  period  of  philosophical  formalism  seem 
both  to  belong  to  the  past ;  but  the  desire  of  bringing 
together  what  is  scattered,  of  focussing  knowledge  and 
learning,  and  of  realising  the  organic  continuity  and  unity 
of  thought  and  progress,  is  as  great  as,  perhaps  greater 
than  ever.  Neither  the  shapelessness  of  a  huge  dictionary 
nor  the  barrenness  of  a  concise  formula  will  satisfy  the 


1  It  is  interesting  to  observe  the 
development  and  spread  of  encyclo- 
pfe<lic  learning  in  the  three  coun- 
tries. Encyclopaedias  in  the  modern 
sense  have  their  origin,  like  so  many 
other  modern  institutions  and  ideas, 
in  England.  They  were  there  com- 
piled mainly  for  practical  purposes. 
France  took  up  the  scheme  in  a 
philosophical  spirit,  and  carried  it 
as  far  as  it  is  capable  of  being 
carried  under  this  aspect.  At- 
tempts to  improve  and  amplify 
the  plan  proved  impracticable ;  and 
when  subjected  to  the  vast  eru- 
dition of  Germany,  it  became  evi- 
dent that  unity,  depth,  and  breadth 
of  view  could  not  be  maintained. 
In  course  of  this  century  the  coun- 
try which  produced  the  classical  era 


of  encyclopaedism  has  done  least  for 
encyclopaedic  learning.  This  has 
now  its  home  in  Germany,  where 
encyclopaedic  labours  have  been 
specialised,  and  where  everj'^  science 
is  represented  by  some  compilation 
or  annual  register  aiming  at  collect- 
ing and  systematically  arranging  the 
scattered  contributions  of  the  whole 
world.  But  it  would  be  ungrateful 
not  to  mention  the  Royal  Society's 
catalogue  of  scientific  papers,  and 
the  services  which  America  has  ren- 
dered in  summarising  the  literary 
productions  of  the  English-speaking 
nations  in  such  works  as  Poole's 
*  Index  to  Periodical  Literature.' 
Without  the  aid  of  such  laborious 
compilations  the  present  work  could 
not  have  been  undertaken. 


deeper  conviction  that  all  mental  work  is  living,  indi- 
vidual, and  of  endless  variety.  To  stimulate  individual 
thought,  to  bring  about  life  and  change,  is  nowadays  felt 
to  be  quite  as  necessary  as  to  insist  on  method,  system, 
and  order.  Prompted  by  this  conviction,  the  last  fifty 
years  have  done  much  to  facilitate  intellectual  inter- 
change, and  to  record  the  historical  development  of  all 
branches  of  science. 

This  object  has  been  promoted  in  three  different  ways. 
The  French,  who  in  the  beginning  of  the  period  were  the       19. 
masters  in  science,  led  the  way  by  founding  a  series  of  the  masters 

in  science 

periodicals  devoted  to  the  development  of  separate  sciences,  t^  *^® . 
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Germany  followed,  and  still  later  England.^     A  living  °^  ^^'®  ^^" 


beginning 
of  the 
tury. 


^  The  oldest  scientific  periodical 
is  the  '  Journal  des  Savants,'  which 
was  started  in  1665  in  Paris;  next 
to  it  comes  probably  Rozier's  *  Ob- 
servations sur  la  Physique'  (1771), 
continued  under  the  title  'Journal 
de  Physique '  (1778,  continued  with 
interruptions  from  1794  -  95  till 
1823).  In  opposition  to  this 
journal,  which  defended  the  older 
phlogistic  theories  in  chemistry, 
the  '  Annales  de  Chimie  '  were 
started  in  1789  by  BerthoUet, 
Guyton  de  Morveau,  and  Fourcroy, 
as  an  organ  of  Lavoisier's  ideas. 
In  1788  the  Society  Philomatique 
started  its  *  Bulletin,'  and  in  1795 
the  *  Journal  de  I'Ecole  Poly- 
technique'  started  its  influential 
career.  No  such  periodicals  existed 
for  special  sciences  at  that  time  in 
any  other  country,  if  we  perhaps 
except  the  *  Transactions  of  the 
Royal  Linnaean  Society,'  which 
started  in  1791.  *  Nicholson's 
Journal'  started  in  1797  ;  the 
'London,  Edinburgh,  and  Dublin 
Philosophical  Magazine  and  Journal 
of  Sciences '  had  its  origin  in  Til- 
loch's  *  Philosophical  Magazine' ;  but 


the  first  journal  devoted  specially 
to  mathematical  sciences  in  England 
was  probably  the  'Cambridge  Ma- 
thematical Journal,'  started  in  1839. 
In  the  meantime  the  number  of 
scientific  journals  in  France  had 
grown  enormously.  In  Germany  we 
have  Crell's  '  Chemische  Annalen ' 
(1778),  Gehlen's  'Allgemeines  Jour- 
nal fiir  Chemie'  (1803),  Gren's 
'Journal  der  Physik'  (1790),  Gil- 
bert's '  Annalen  der  Physik'  (1799), 
Zach's  'Monatliche  Correspondenz ' 
(1800),  Crelle's  'Journal  fiir  die 
reine  und  augewandte  Mathematik' 
(1826),  and  many  others,  all  peri- 
odicals of  the  first  imoortance.  The 
*  Transactions  of  the  Royal  Society,' 
which  of  course  contain  many  of 
the  valuable  scientific  contributions 
of  this  country,  can  nevertheless 
hardly  be  looked  upon  as  a  reposi- 
tory of  the  work  of  English  mathe- 
maticians and  physicists  of  the 
period  in  question, — not  even  as 
much  as  the  Memoirs  of  the  Paris 
Academy  in  France.  In  Great 
Britain  a  new  centre  of  scientific 
and  literary  work  existed  during 
the  latter  part  of  the  last  century 
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intercourse  between  men  of  science  was  greatly  promoted 
by  the  British  Association  for  the  Advancement  of  Science, 
which  held  its  first  meeting  at  York  in  1831.  Associa- 
tions and  meetings  of  this  kind  had  their  origin  ten  years 
earlier  in  Germany  through  Oken ;  ^  but  the  line  in  which 
Germany  has  done  most  is  the  establishing  of  and  con- 
tinuing annual  Keports  ^  of  the  progress  of  the  different 


in  Edinburgh  (*  Transactions  of  the 
Royal  Society  of  Edinburgh,'  started 
in  1788),  and  somewhat  later  like- 
wise in  I)ublin  ('  Transactions  of  the 
Royal  Society  of  Dublin,'  started 
1799),  and  Manchester  ('Memoirs 
of  the  Manchester  Philosophical 
Society,'  started  in  1789).  Many 
of  the  first  scientific  writers  of  the 
age  published  in  these  provincial 
papers  or  in  separate  pamphlets — 
the  want  of  a  common  collecting 
centre  being  very  obvious. 

^  Alexander  v.  Humboldt  sup- 
ported them,  and  was  instrumental 
ill  giving  to  the  Assembly  at  Berlin 
in  1828— which  he  called  "The  in- 
vasion of  philosophers  " — a  special 
importance.  It  was,  as  he  says, 
"  a  noble  manifestation  of  scientific 
union  in  Germany  ;  it  presents  the 
spectacle  of  a  nation  divided  in 
politics  and  religion,  revealing  its 
nationality  in  the  realm  of  intellec- 
tual progress." — Bruhns,  'Life  of 
A.  V.  Humboldt,'  vol.  ii.  p.  130. 
The  British  Association  for  the  Ad- 
vancement of  Science  was  (as  Prof. 
Owen  informs  us)  at  the  outset 
avowedly  organised  after  the  Oken- 
ian  model. — 'Encyclopaedia  Britan- 
nica,'  art.  "Oken." 

2  The  first  reports  aiming  at 
giving  a  statement  of  the  position 
of  Science  were  those  drawn  up  by 
Delambre  and  Cuvier  at  the  request 
of  the  Emperor  Napoleon  I.,  and 
presented  in  the  year  1808  under 
the  title  '  Discours  sur  les  Progrfes 
des  Sciences,  Lettres,  et  Arts  depuis 


1789  jusqu'h  ce  jour  '  (1808).  They 
were  imitated  on  a  larger  scale  by 
the  Emperor  Napoleon  III.,  on  the 
occasion  of  the  great  Paris  Exhibi- 
tion 1867,  and  have  been  continued 
under  the  Republic.  Of  the  report 
of  1808  Cuvier  says,  "Ce  tableau 
historique  nous  servira  desormais 
de  point  de  depart  et  nos  rapports 
annuels  en  seront  autant  de  con- 
tinuations." He  also  adds  signifi- 
cantly, "  Dans  les  relations  actives 
oh  nous  nous  trouvons  avec  la 
plupart  de  ceux  qui  cultivent  les 
sciences,  il  est  bien  difficile  qu'ils  se 
f assent  en  Europe  quelques  d^cou- 
vertes  importantes  sans  que  le 
bruit  en  retentisse  promptement 
dans  cette  enceinte,  et  nous  excite 
h  des  travaux  qui  s'y  rapportent 
plus  ou  moins  directement. " 

By  far  the  most  important  work 
of  reporting  and  summarising  the 
results  of  scientific  labour  has  been 
done  by  Germany.  The  first  publi- 
cation of  this  kind,  however,  origin- 
ated with  Berzelius,  who  from  the 
year  1821  reported  regularly  to  the 
Academy  of  Stockholm  on  the  pro- 
gress of  the  physical  sciences.  Of 
Berzelius's  periodical  Kopp  says 
('Geschichte  der  Chemie,'  vol.  i.  p. 
403),  that  it  "  summarises  with  the 
greatest  completeness  all  that  had 
been  done  in  chemistry  since  1820.'* 
This  work,  which  regularly  ap- 
peared in  German  translation,  was 
continued  in  Liebig's  *  Jahresbericht 
der  Chemie' (1847).  In  Berlin  the 
*  Physikalische     Gesellschaft '     hsks 


sciences,  in  which  all  scientific  researches  are — without 
regard  to  nationality — reviewed,  classified,  and  arranged  in 
the  most  complete  manner,  according  to  the  place  which 
they  occupy  in  the  general  development.  Invaluable  ser- 
vice has  also  been  done  in  England  by  special  Eeports  or 
Addresses,  prepared  by  men  of  the  greatest  eminence — fre- 
quently at  the  request  of  the  British  Association — in  which 
the  position  of  special  branches  of  science  is  explained,  the 
work  of  the  past  summed  up,  the  leading  principles  clearly 
brought  out,  and  the  unsolved  problems  placed  promi- 
nently before  the  minds  of  young  and  aspiring  workers. 

In  Germany  during  the  first  half  of  the  century  a 
reaction  set  in    against   the   metaphysical   treatment   of  i^^'oermany 

against  me- 

scientific  subjects,  which  had  been  exaggerated  in  the  SStmeS! 
schools  of  Schelling  and  Hegel.  Experimental  research,  subS'^'' 
following  mainly  the  great  French  and  English  models, 
was  next  favoured,  and  through  the  establishment  of 
laboratories  and  observatories,  through  voyages  of  dis- 
covery and  the  application  of  science  to  the  industries, 
an  enormous  amount  of  detailed  and  minute  knowledge 
was  accumulated.^     For  a  time — even  within  the  limits 


20. 
Reaction 


continued  to  issue  regularly  since 
1845  annual  Reports  under  the  title 
'  Fortschritte  der  Physik.'  But  it 
was  only  in  1868  that  a  similar 
annual  was  started  in  Berlin  having 
reference  to  mathematics,  under 
the  title  '  Fortschritte  der  Mathe- 
matik.'  A  'Jahresbericht'  on 
Zoology  has  appeared  ever  since 
1879,  and  one  on  Botany  since  1873. 
^  It  was  the  age  which  compiled 
the  great  repositories  of  chemical 
knowledge.  Such  were  Gmelin's 
*  Handbuch  der  Chemie'  (1st  ed., 
1817.     Translated  into  English  by 


the  Cavendish  Society,  1848),  and 
the   '  Handworterbuch    der   reinen 
und  angewandten  Chemie'  (edited 
by  Liebig  jointly  with  Poggendorf 
and  Wohler,  1837).     The  same  age 
also  set  going  and  filled  the  volumes 
of  Liebig's   '  Annalen '  (started  by 
Hanle    in    1823    under    the    title 
'Magazin  der  Pharmacie,'  it  finally 
assumed  the  title  of  'Annalen  der 
Chemie  und  Pharmacie '  under  Lie- 
big's   editorship),    of    Poggendorfs 
*  Annalen  der  Physik  und  Chemie ' 
(1824),  and  the  '  Annales  de  Chimie 
et  de  Physique.' 
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of  exact  reasoning — attempts  to  condense  and  unify 
knowledge  were  discredited.  The  result — especially  in 
Germany — was  that  in  many  sciences  information  be- 
came buried  in  periodicals  and  in  the  memoirs  of  learned 
societies:  text -books  were  chiefly  written  by  men  of 
secondary  importance,  translated  from  the  French  and 
English,  and  frequently  on  somewhat  antiquated  lines.^ 
The  new  spirit  which  began  to  leaven  scientific  research  in 
the  middle  of  the  century  was  confined  to  a  few  master 
minds,  who — frequently  almost  unknown — marched  in 
advance  of  their  age.  In  the  course  of  the  last  thirty 
years  this  has  been  entirely  changed.  The  means  of 
intercourse  and  communication,  referred  to  above,  make 
scientific  isolation  almost  impossible ;  the  necessity  has 
21.       been  felt  of  remodelling  the  whole  of  the  popular  school 

Reform  in 

school  litera-  literature  on  more  modern  lines :  some  of  the  first  m- 

ture. 


^  The  greater  part  of  the  higher 
Germau  school  literature  in  mathe- 
matics and  phj'sics  was  supplied  by 
the  French  or  modelled  on  French 
ideas — Legendre  and  Monge  in  ele- 
mentary and  descriptive  geometry, 
Lacroix  in  the  higher  branches. 
Francoeur's  course  of  mathematics 
was  introduced  in  England  as  well 
as  Germany ;  Poisson,  and  later 
Lagrange  and  Duhamel,  became 
the  models  in  mechanics,  Biot  and 
Pouillet  in  experimental  physics, 
Regnault  in  chemistry.  The  only 
great  popular  authorities  which 
did  not  belong  to  France  were 
Berzelius  and  Graham  in  chem- 
istry, and  Euler  in  mathematics. 
As  late  as  1860  hardly  any  text- 
book existed  in  Germany  on  the 
theoretical  and  mathematical  por- 
tions of  physics.  The  second 
volume  of  '  Baumgartner '  was 
a  miserable  compilation.  Beer's 
*  Hohere  Optik '  was  the  first  im- 


portant work  of  this  kind.  Ger- 
many had  indeed  not  been  wanting 
in  original  research,  but  the  new 
ideas  of  Mobius,  Steiner,  Staudt, 
Pliicker,  and  Grassmann  in  geom- 
etry found  no  adherents  till,  mainly 
through  the  translation  of  Sal- 
mon's text-books  by  Fiedler,  a  new 
spirit  came  over  geometrical  teach- 
ing. In  the  meantime  Lejeune 
Dirichlet,  and  Neumann  the  elder, 
cultivated  in  their  academical  lec- 
tures the  higher  branches  of  mathe- 
matical physics,  and  educated  a 
whole  generation  of  mathematicians 
and  physicists.  Through  them  the 
original  researches  of  Gauss  and 
Jacobi  became  better  known,  and 
an  independent  school  of  German 
mathematical  thought  was  estab- 
lished. In  England  the  influence 
of  French  science  was  much  more 
limited,  and  to  the  present  day 
Euclid  is  preferred  to  Legendre's 
more  elegant  methods. 
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tellects  in  science  have  condescended  to  write  text-books 
of  their  subjects,  by  which  a  great  reform  has  been  brought 
about  in  the  higher  scientific  literature.^    At  the  same  time 
— after  fifty  years  of  experimental  research  and  accumula- 
tion of  material — it  has  become  necessary  to  review  the 
fundamental  principles  on  which  scientific  reasoning  rests  :       22. 
a  more  philosophical,  not  to  say  metaphysical,  spirit  is  Ssonlng 
manifesting  itself  within  the  limits  of  science.^     In  the  ^opuSi!'" 
abstract,  and  especially  the  mathematical,  sciences,  real 
progress   depends    now  mainly  upon    the   discovery  of 
methods   of  simplification,  on  conciseness  and  elegance 
of  treatment,  and  on  the  discovery  of  unifying  principles 
and  generalising  aspects.^ 


^  This  remark  refers   mainly  to 
England  and  Germany.     In  France, 
as  a  result  of  giving  lectures  at  the 
Ecole    Polytechnique,   the    Bureau 
des    Longitudes,    the    Faculte    des 
Sciences,  &c.,  the  great  mathema- 
ticians and  physicists  of  the  cen- 
tury have  frequently  worked  up  their 
researches   in   connected    treatises. 
For  such  we  are  indebted  to  Lamd, 
Cauchy,  Poncelet,  and  many  others. 
But  the  two  works  which  in  Eng- 
land and  Germany  created  probably 
the  greatest  reform  in  the  teaching 
of  the  principles   of  natural  phil- 
osophy  were  Thomson   and   Tait's 
'  Natural  Philosophy  '  (first  sketch, 
1863,  Isted.,  1867)  and  Kirchhoff's 
'  Vorlesungen  uber  Mechanik'  (Leip- 
zig, 1877). 

'^  I  refer  principally  to  the  various 
writings  of  Helmholtz,  following 
those  of  Riemann,  and  the  many 
hints  thrown  out  in  Gauss's  pub- 
lished papers,  and  in  his  correspond- 
ence with  Schumacher.  Helmholtz 
has— of  all  purely  scientific  writers 
— paid  most  attention  to  the  meta- 
physical  foundations   of   geometry 


and   dynamics,   and   has   critically 
examined    the    earlier   theories    of 
Kant,  published  a  century  ago.     It 
is  interesting  in  this  respect  to  note 
what  Kant  is  reported  to  have  said 
to  Stiigemann   in  1797:    "I   have 
come  with  my  writings  a  century 
too   soon  ;   after   a   hundred   years 
people  will  begin  to  understand  me 
rightly,   and   will   then   study  my 
books  anew  and  appreciate  them.'* 
(See  '  Tagebiicher,'  von  Varnhagen 
von  Ense,  Leipzig,  1861,  vol.  i.  p. 
46.)      Next   to   Helmholtz  we  are 
most  indebted   to   Emil   du   Bois- 
Reymond    and    his    brother    Paul. 
See  Emil's  'Reden'  (Leipzig,  1886- 
87,   2  vols.),  and   the  posthumous 
work   of   his  brother  :  *  Ueber  die 
Grundlagen  der  Erkenntniss  in  den 
exacten  Wissenschaften '  (Tubingen. 
1890).  ^ 

^  An  authority  on  this  subject 
says:  "Generality  of  aspects  and 
methods,  precision  and  elegance 
of  exposition,  have,  since  the  time 
of  Lagrange,  become  the  common 
property  of  those  who  claim  to 
be  scientific  mathematicians.     This 
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Oennany 
has  taken 
the  lead  in 
studying 
the  life  of 
thought 


All  these  are  merely  external  signs  of  the  new  life,  in- 
dications of  progress  and  change :  the  inner  reason  and 
result,  the  altered  ways  of  thinking  which  underlie  or  are 
produced  by  these  external  changes,  will  be  the  object 
of  closer  study  hereafter ;  they  constitute  the  real  sub- 
stance of  this  work.     What  I  draw  attention  to  here, 
by  way  of  introduction,  are  merely  fingers  on  the  dial- 
plate  of  a  complicated  clock-work  :  their  motion  and  posi- 
tion are  patent  to  every  one.     Later  on  I  shall  invite  the 
reader  to  remove  the  outer  case,  and  try  with  me  to  under- 
stand the  delicate  working  parts  and  the  principle  of  the 
mechanism,  the  prime  mover  and  the  mode  of  transmission 
of  motion  within.     The  general  curiosity  that  exists  to  fol- 
low the  internal  and  hidden  workings  of  thought  is  mani- 
fested especially  in  that  country  which  in  modern  history 
has  frequently  taken  the  lead  in  philosophical  reasoning. 
It  is  manifested  by  the  huge  and  increasing  historical 
literature  of  Germany,  which  is  devoted  to  tracing  out 
the   growth   and   development    of    modern   science    and 
thought.     In  that  country  history  seems  for  the  moment 
to   have   taken   the   place   of   metaphysical   speculation. 
A  similar  transition  from  the  logical  to  the  historical  view 
can  be  traced  in  English  literature  in  the  last  century,  the 


generality  is  sometimes  exaggerated 
at  the  expense  of  simplicity  and 
usefulness,  and  then  leads  to  ab- 
struseness  and  to  the  enunciation 
of  theorems  which  have  no  special 
application  ;  precision  may  degen- 
erate into  an  affected  brevity  which 
renders  a  dissertation  more  difficult 
to  read  than  to  write ;  elegance  of 
form  has  in  our  days  almost  be- 
<;ome  the  test  of  the  value  of  a 
theorem.     Yet  in  spite  of  all  draw- 


backs these  conditions  of  efficient 
progress  are  of  the  greatest  import- 
ance, inasmuch  as  they  keep  the 
scientific  matter  within  those  limits 
which  are  intrinsically  necessary  if 
mathematical  research  is  not  to  lose 
itself  in  minutiae  or  be  drowned  in 
over  -  abundance."  —  Hankel,  '  Die 
Entwickelung  der  Mathematik  in 
den  letzten  Jahrhunderten '  (Tiib- 
ingen,  1869). 
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typical  representative  of  that  change  being  David  Hume, 
who,  starting  with  the  metaphysical  problems  involved  in 
Locke's  and  Berkeley's  writings,  was  from  them  led  on  to 
the  study  of  moral,  political,  and  economic  questions,  and 
ended  by  devoting  himself  to  the  study  of  history.^  At 
the  end  of  his  career  pohtical  and  historical  writings 
were  as  frequent  in  English  literature  as  metaphysical 
and  theological  writings  had  been  at  the  beginning.  The 
causes  which  have  effected  the  same  transition  from  the  24. 
metaphysical  to  the  historical  mode  of  treatment  in  Ger-  SSon 

YVA  J       •  J.^  from  meta- 

many  durmg  the  present  century  are  similar  to  those  g^Si^'' 
existing  in  England  in  the  last  century ;    but  the  whole  "''^^'^ 
movement  has  taken  place  on  a  larger  scale,  penetrates 
deeper  into  the  mental  life  and  work  of  the  nation,  and 
cannot  be  so  easily  studied  in  the  writings  of  any  great 
representative. 

Whilst  in  Germany  historical  studies  are  now  foremost, 


^  I  am  quite  aware  that  general- 
isations  of  this  kind  must  be  made 
and   used   with  great  caution.      I 
therefore  refer  my  readers  to  Les- 
lie Stephen's  'History  of  English 
Thought  in   the   Eighteenth  Cen- 
tury,' especially  to  the  Introduc- 
tion, where  the  typical  position  of 
Hume  is  fully  discussed,  and  also 
to  the  last  chapter  of  the  second 
volume,    where   he  says  of  Hume 
<vol.  ii.  p.  381, 1st  ed.) :  "  Hume  was, 
in  one  sense,  far  in  advance  of  his 
time,   and   indeed   of   the   average 
opinion  of  the  present  time.      But 
the  change  may  in  many  respects 
be    described    as    a    revolt     from 
Hume's  opinions,  much  more  than 
a  development  of  them.  .   .  .  The 
history  of  philosophical  and  of  theo- 
logical opinion  in  England  is  a  his- 
tory of  gradual  decay  down  to  the 


revolutionary  era."     And  p.    444: 
"  The  last  half  of  the  century  was 
pre-eminently  historical.     As  civil- 
isation  progresses,    as  records  are 
better    preserved,    and    a    greater 
permanence  in   social  organisation 
makes  men  more  disposed  to  look 
beyond  their  immediate  surround- 
ings,  a   tendency  to  historical   in- 
quiry is  naturally  awakened.     This 
cause    alone,    without    the    more 
philosophical  considerations  which 
might  lead  a   Hume   or  a  Gibbon 
to  turn  from  abstract  investigations 
to  historical  inquiries,  may  account 
for  the  growth  of  antiquarianism  in 
the  latter  years."      But  the  mere 
statistics   of  English  literature  in 
the   eighteenth  century  suffice   to 
prove   the   decline   of    argumenta- 
tive  and   the  growth    of  realistic 
literature. 
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25. 

Herbert 
Spencer  the 
first  Eng- 
lishman who 
has  pro- 
duced a 
system  of 
philosophy. 


26. 
Definition 
of  Lotze's 
system. 


and  have  almost  dislodged  systematic  philosophy,  England 
has  for  the  first  time  in  her  history  produced  a  system  of 
philosophy — that  of  Mr  Herbert  Spencer ;  and  this  with 
the  distinct  understanding  that  the  object  of  philosophy 
is  the  unification  of  knowledge.^  It  is  a  remarkable  fact, 
which  will  occupy  our  close  attention  hereafter,  that  the 
unifying  principle  in  this  system  is  historical, — a  process 
of  development  now  specially  known  under  the  term 
Evolution.  This  system  forms  in  a  certain  way  a  con- 
trast to  the  last  great  system  in  German  philosophy,  that 
of  Hermann  Lotze.  Whereas  in  all  systems  of  evolution 
the  unity  of  things  is  historical,  and  has  to  be  sought  in 
their  common  origin,  Lotze  emphasised  the  truth  that 
unity  must  be  a  living  presence,  a  principle  which  ex- 
ists in  individual  things,  not  merely  a  link  which  con- 
nects them  by  proximity  in  time  or  space.  His  object 
is  to  answer  the  question.  How  can  the  human  mind  , 
represent   to  itself  such  a  living  unity,  in  what  ideas 


^  See  G.  H.  Lewes  ('Problems 
of  Life  and  Mind,'  Ist  ed.,  vol.  i. 
p.  84),  who  says :  "  The  absence 
of  a  philosophy  in  England  dur- 
ing the  last  two  hundred  years 
has  been  a  serious  defect  in  her 
culture.  Science  she  has  had, 
and  poetry  aqd  literature,  rivalling 
when  not  surpassing  those  of  other 
nations.  But  a  philosophy  she  has 
not  had,  in  spite  of  philosophic 
thinkers  of  epoch-making  power. 
Hobbes,  Locke,  Berkeley,  Hume, 
have  produced  essays,  not  systems. 
There  has  been  no  noteworthy  at- 
tempt to  give  a  conception  of  the 
world,  of  man,  and  of  society, 
wrought  out  with  systematic  har- 
monising of  principles.  There  has 
not  been  an  efifort  to  systematise 
the   scattered   labours   of .  isolated 


thinkers.  Mr  Herbert  Spencer  is 
now  for  the  firat  time  deliberately 
making  the  attempt  to  found  a 
philosophy."  And  in  his  *  History 
of  Philosophy  '  (3rd  ed.,  vol.  ii.  p. 
653)  the  same  author  says  :  * '  Mr 
Spencer  alone  of  British  thinkers 
has  organised  a  system  of  philos- 
ophy." Groom  Robertson  would 
take  exception  to  this  in  favour 
of  Hobbes,  "  who  attempted  a  task 
which  no  other  adherent  of  the 
'  mechanical  philosophy  '  conceived 
— nothing  less  than  such  a  univer- 
sal construction  of  human  know- 
ledge as  would  bring  Society  and 
Man  within  the  same  principles  of 
scientific  explanation  as  were  found 
applicable  to  the  world  of  Nature  '* 
(Ency.  Brit.,  9th  ed.,  vol.  xii.  p» 
39). 
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belonging  to  human  thought  can  this  unity  be  grasped 
by  what  words  of  human  speech  can  it  be  expressed  ?      ' 
Both  Mr  Herbert  Spencer's  'System'  and  Lotze's  ^Micro- 
cosmus '  are  written  with  the  object  of  establishing  the 
umty  of  thought,  of  preserving  the  conviction  that  things 
exist  and  that  events  happen  in  some  intelligible  connec- 
tion, and  especially  that  the  religious  and  the  scientific 
views  of  the  world  and  life  are  reconcilable.     But  whereas 
Mr  Spencer  is  content  to  point  to  the  underlying  unity  as 
the  Unknowable,  and  then  betakes  himself  to  the  study 
and  exposition  of  the  manner  in  which  events  foUow  and 
things  develop,  Lotze  considers  the  whole  of  this  part  of 
philosophy  as  merely  an  introduction  to  the  solution  of 
the  real  problem.     To  him  a  process  of  development  is 
merely  the  outer  form  in  which  some  real  substance  pre- 
sents  Itself,  a  mechanical  method  by  which  something  of 
.  higher  value  is  accomplished.     He  admits  the  all-pervad- 
mg  rule  of  such  a  mechanism,  but  he  urges  the  necessity 
of  finding  the  substance  itself,  and  of  gaining  a  view  of 
the  end  and  aim  which  is  to  be  attained  by  this  array  of 
processes,  by  this  parade  of  mechanical  means,  of  the  in- 
terest  that  attaches  to  them,  and  the  result  which  is  to  be 
secured.^     Knowing  the  mechanism  by  which  a  certain 
object  IS  accomplished,  we  may  be  able  to  calculate  pheno- 
mena  and  events,  but  to  understand  ^  them  requires  a 


The  earliest  passage  in  which 
Lotze  gives  us  a  pretty  complete 
idea  of  his  philosophical  methods 
and  aims  is  to  be  found  in  his  pol- 
emical pamphlet  against  Fichte  the 
younger  ('Streitschriften,'  Leipzig, 
1857,  p.  52  sqq.)  He  there  also 
reviews  his  attitude  to  the  ideal- 
istic school  of  German  Philosophy 

VOL.  L 


and  to  Herbart,  whose  follower  he 
refuses  to  be  called  [ibid.,  p.  5  so  ) 
It  IS  evident  that  at  that  time  his 
system  was  not  yet  definitely  set- 
tled m  his  mind  (p.  58). 

'-^  The  difference  between  calcula- 
tmg  and  understanding  phenomena 
IS  probably  to  be  traced  to  Leibniz. 
Lotze  emphasises    this    difference. 

D 


27. 
Lotze's  re- 
lation to 
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'Ideen.' 
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further  knowledge  of  the  worth  of  the  object  which  is 
accomplished,  of  the  result  which  is  gained  by  the  calcu- 
lation. It  is  one  thing  to  be  able  to  trace  the  mechanical 
conditions  upon  which  the  accuracy  of  a  clock  depends ; 
it  is  another  to  mark  the  hour  which. the  clock  strikes, 
and  to  note  the  time  which  it  measures  out  to  us  for  our 
work.  Curiosity  will  lead  a  child  to  pry  into  the  former  ; 
but  the  latter  depends  on  our  appreciation  of  the  objects 
of  life  and  the  seriousness  of  our  duties. 

When  Lotze  undertook  to  write  the  '  Microcosmus/  he 
referred  to  two  great  works  of  a  kindred  tendency.     Both 
attempted,  yet  in  very  different  ways,  to  give  a  compre- 
hensive view  of  a  large  field  of  scattered  phenomena,  to 
take  in  at  a  glance  the  entire  scheme  of  a  great  world  of 
facts      The  earlier  of  the  two  belonged  to  the  last  century 
and  was  concerned  with  history,  with  the  uniting  bond  of 
all  human  development.     For  this  Herder,  in  his  '  Ideen 
zur  Philosophie  der  Geschichte  der  Menschheit,'  had,  if  not 
invented,  yet  endowed  the  term  Humanity  with  a  specific 
pregnancy,  meaning  by  it  the  unity  of  all  human  interests 
in  their  social  and  historical  development— an  idea  which 
since  Leibniz  has  governed  German  literature.^     The  other 


See,   inter  alia,   the   closing   para- 
graph of  the  first   volume   of  the 
'  System  der  Philosophie  '  (Ist  ed. , 
Leipzig,  1874).     I  cannot   omit  to 
notice  here  the  extraordinary  and 
misleading  misprint  in  Erdmann  s 
quotation  of  this  passage  :    see  his 
valuable   'Geschichte  der  Philoso- 
phie' (3rd  ed.,  Berlin,  1878,  vol.  u. 
p.  861),  where  instead  of  berechnen, 
to  calculate,  we  read  bezeichnen,  to 
designate  ! 

1  The   history   of   this   idea   has 
been  written  by   Hettner   in   the 


last  two  volumes  of  his  *  Literatur- 
geschichte  des  18  ten  Jahrhunderts. 
I    quote    from    the    2nd    edition, 
Braunschweig,  1872.     Herder  had 
inherited  the  spirit  of  Leibniz  (see, 
inter  alia,  the   concluding  chapter 
of  my  essay  on  Leibniz,  in  Black- 
wood's Philosophical  Classics,  Edin- 
burgh,   1884).      Herder  formed   a 
kind   of  centre   of  thought,    inas- 
much as  he  gathered  up  in  his  own 
mind  and  writings  the  influences  of 
Leibniz,   Rousseau,   and   the   Eng- 
lish writers  of  the  eighteenth  cen- 
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great  work  was  that  of  A.  v.  Humboldt,  who  in  the  course       28. 
of  a  long  career,  peculiarly  favoured  by  opportunities  for  Sn  to" 
studying  Nature  on  an  extensive  scale,  and  for  appreciating  JxJidt's '™' 
the  detail  of  modern  research,  of  which  he  was  an  illustrious 
representative,  had  never  lost  sight  of  the  all-pervading 
unity.^     In  an  elevated  style,  in  which  poetry  and  science 


tury,  together  with  classical  influ- 
ences and  new  inspirations  drawn 
from  the  popular  song-literature  of 
all  nations.     Hettner  says  (see  last 
volume  but  one,  p.  7) :    "  Herder 
applied  Rousseau's  gospel  of  Nature 
to  the  demands   of  poetical  sense 
and  creation.     Thus  he  has  become 
essentially   the   forerunner  of  the 
new  school  of  poets  :  the  last  fetters 
of  the  moralising  style  by  which 
even   Lessing   was   still    hampered 
fell,  and  through  the  scientific  study 
of  the  beginnings  and  development 
of   human  culture  he  became  the 
founder  of  a  new  science  of  Lan- 
guage, Religion,  and  History,  in  the 
lines  of  which  we  are  still  advanc- 
ing."    And  p.  101 :  "  Herder  does 
not  belong  to  the  classics  of  the 
style     of     Winckelmann,     Lessing, 
Kant,  Goethe,  and  Schiller ;   he  is 
everywhere  only  suggestive,  hardly 
anywhere  conclusive  and  final.    For 
this  reason  his  writings  are  to  some 
extent    antiquated.      Nevertheless 
Herder  is  one    of   our   most    im- 
portant   and    influential    spiritual 
heroes.     Herder  made  so  deep  an 
impression    on    his    age    that   the 
great  poetry  of  Goethe  and  Schiller, 
the  so-called  Romantic  School,  the 
philosophies  of  Schelling  and  Hegel, 
cannot  be  imagined  without  Herder 
as    the    precursor."      The    fourth 
volume   of   Gervinus,   'Geschichte 
der  deutschen  Dichtung,'  contains 
likewise  a  very  important  chapter 
on  Herder.    But  the  great  authority 
on  Herder  is  R.  Haym, '  Herder  nach 
seinem  Leben  und  seinen  V7erken  '    t 
(Berlin,   2  vols.,   1880  and   1885).    I 


From  the  unpublished  literary 
notes,  correspondences,  and  diaries 
of  Herder,  which  Haym  inspected, 
it  is  evident  that  the  great  idea  of 
writing  a  History  of  Humanity 
originated  in  Herder's  mind  as  far 
back  as  the  year  1769,  on  a  voyage 
from  Riga  to  Nantes  (on  the  way 
[  to  Paris).  His  diary  closes  thus : 
"  History  of  the  progress  and  of  the 
powers  of  the  human  mind  in  the 
concurrence  of  whole  ages  and 
nations — a  spirit,  a  good  demon,  has 
exhorted  me  to  do  this.  Be  that 
my  life's  work,  History,  work  !" 

The  first  attempt  to  carry   out 
his  great  idea   was    published    by 
Herder  in  the  year  1774,  with  the 
title  :    '  Auch  eine  Philosophie  der 
Geschichte  zur  Bildung  der  Mensch- 
heit.'      Herder    was    then    in    his 
thirtieth   year.       His   chief    work 
appeared  ten  years  later  (1784),  with 
the  title  *  Ideen  zur  Geschichte  der 
Menschheit.'     Herder  died  in  1803. 
Goethe's  'Faust,'  which  is  an  at- 
tempt  to   deal    with   the   highest 
problems   of  human   interest,    the 
problems  of  knowledge,  evil,  sin, 
and  redemption,  as  they  appear  in 
the  history  of  a  great  individual, 
not  of  the  race,  had  its  first  begin- 
nings about  the  same  time  as  Her- 
der's 'History  of  Mankind.'     But 
the  work  was  not  finished  till  a  year 
before  Goethe's  death  in  1831. 

1  Alex.  V.  Humboldt,  '  Kosmos. 
Entwurf  einer  physischen  Welt- 
beschreibung,'  1845.  Like  Her- 
der's great  work  on  the  '  History  of 
Humanity'  and  Goethe's  'Faust,' 
Humboldt's  '  Kosmos '  occupied  a 


29. 

I/otie's  'Mi 
crocosmus.' 
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are  happily  blended,  he  essayed  in  the  evening  of  life  to 
unroll  before  the  gaze  of  his  readers  a  picture  of  the 
grand  features  of  nature  as  his  mind  had  viewed  them 
Lm  the  elevated  regions  of  scientific  study,  and  his  eyes 
from  the  heights  of  Chimborazo.  ■ 

In  the  great  picture  of  the  world,  in  the  vaBt  changes 
of  the  universe,  where  is  man  with  his  life  and  his  m- 
terests  ?     In  the  huge  Kosmos  where  is  the  Microcosmus 
This  question  naturally  presented  itself  to  the  mind  of 
Lotze.     "  It  is  not,"  he  tells  us,  "  the  all-embracing   kos- 
mos' of  the  univei^e  which  we  wish  to  describe  agam  on 
the  model  which  has  been  given  to  our  nation.     As  the 
features  of   that  great  world -portrait  sink  deeper  into 
general  consciousness,  so  much  more  vividly  will  they 
lead  us  back  to  our  own  selves,  suggesting  anew  the 
question.  What  significance  belongs  to  man  and  human 
lie  with   its  lasting  characteristics   and   the  changing 
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long  period  in  the  life  of  its  author. 
Goethe's  *  Faust '  deals  with  the  in- 
dividual problem,  Herder's    Ideen 
with  the  problem  of   the  race  or 
mankind.    Humboldt's     'Kosmos 
with  the  same  problem  as  referring 
to  the  worid,  the  universe.     In  the 
preface  Humboldt  confesses     that 
The  image  of  his  work  had  stood 
before  his  mind's  eye  m  undefined 
outlines  for  nearly  half  a  century     : 
cf.  what  Goethe  says  in  the  dedica- 
tion to  *  Faust'  (written  probably 
after  1797)  :— 

"Again  ye  come,  ye  hovering  forms;  I 
As  eariy  to  my  clouded  sight  ye  shone," 

^^'  -Transl.  B.  Taylor. 

The  view  of  the  universe  which  was 
eiven  in  Humboldt's  '  Kosmos  was 
prepared  by  his  own  pubhcation, 


»  Die  Ansichten  der  ^a^ur    (1808) ; 
also  by  Georg  Forster  (1/54-1/94), 
who  wrote  an  account  of  the  second 
voyage  of  Captain  Cook  round  the 
world,  whom  he  accompanied  with 
his  father.     "  He  conceived  of  na- 
ture as  a  living  whole  ;  his  account 
is  almost  the  first  example  of  the 
glowing  yet  faithful  description  of 
natural  phenomena,  which  has  since 
made  the  knowledge  of  them  the 
common  property  of  the  educated 
worid  "  (R.  Garnett  in  '  Ency.  Bnt., 
art.  "Forster").      Humboldt  con- 
fesses  to  have  received  from  him 
"die  lebhafteste  Anregung  zu  wei- 
ten  Unternehmungen  "  ('  Kosmos, 
vol.  i.  p.  345,  also  vol.  ii.  p.  65,  and 
especially  vol.  ii.  p.  72   where  m- 
cidentally  also  Darwin  s  narrative 
of  the  "  Adventure  "  and  "  Beagle 
is  mentioned). 


course  of  its  history  in  the  great  totality  of  nature  ? "  ^ 
And  in  collecting  the  answers  to  this,  question  which 
suggest  themselves  both  in  and  outside  of  the  study, 
Lotze  professes  only  to  renew  the  enterprise  brilliantly 
begun  by  Herder  in  his  'Ideen  zur  Geschichte  der 
Menschheit.'  Both  Herder's  'Ideen'  and  Humboldt's 
'  Kosmos  '  belong  to  the  age  in  which  philosophy  and 
poetry  largely  influenced  science  and  history.  Many  may 
now  think  it  premature  or  altogether  impossible  to  try 
to  combine  the  detailed  studies  of  modern  science  and 
modern  history  with  the  comprehensive  view  demanded 
by  philosophers  and  poets,  or  to  grope  through  the  laby- 
rinth of  external  phenomena  and  events  to  their  under- 
lying significance  and  unity.  They  may,  whilst  fully 
maintaining  the  existence  of  an  all -pervading  power, 
nevertheless  relegate  it  with  Mr  Spencer  to  the  region 
of  the  Unknowable.^     Without  desiring  at  present   to 


^  Microcosmus,  Ist  ed.,  Leipzig, 
1856,  Preface.  Hermann  Lotze  was 
born  in  1817,  and  died  in  1881. 
His  first  philosophical  essay  of  im- 
portance was  the  '  Metaphysik ' 
(Leipzig,  1841). 

-  Herbert  Spencer's  Philosophy 
of  the  "  Unknowable  "  is  laid  down 
in  his  Introduction  to  *  First  Prin- 
ciples.' I  believe  the  first  appear- 
ance of  the  first  part  of  this  book 
was  in  1860,  and  the  first  collected 
publication  in  the  year  1867.  In 
■defining  the  region  of  the  Know- 
able  an  opposite  course  has  been 
adopted  by  Emil  du  Bois-Reymond, 
who  in  a  series  of  addresses  and 
articles,  now  collected  in  two  vol- 
umes with  the  title  'Reden'  (Ber- 
lin, 1886  and  1887),  tried  to  lead 
up  to  the  limits  which  are  fixed 
around  scientific  knowledge.  The 
purport    of   his    teaching    on    the 


highest  "  World -problem  "   is   con- 
tained in  the  four  words,  ignoramus, 
ignorabimus,  dubitcmus,  laboremus. 
"The  first  of  these  addresses,  which 
are  full  of  brilliant  suggestions  and 
vivid  illustrations,  furnishing  in  the 
notes  especially  an  invaluable  store 
of  historical  references  on  the  sub- 
ject of  the  philosophy  of  the  sci- 
ences, was  delivered  at  the  forty - 
fifth  meeting  of  the  German  "Na- 
turforscher  und  Aertze,"  and  pub- 
lished at  Leipzig,  August  1872,  with 
the  title  '  Die  Grenzen  des  Natur- 
erkennens.'     It  made  a  great  sensa- 
tion, and  was  translated  inte  several 
languages.     It  was  followed  some 
years  later  by  an  address  delivered 
in  the  Berlin  Academy,  1880,  and 
published  with  the  title  *  Die  sieben 
Weltrjithsel. '     If  H.  Spencer's  phil- 
osophy  is  termed   the   philosophy- 
of  the  Unknowable,  Du  Boir^aKSy 
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criticise  the  weighty  considerations  which  have  led  them 
to  a  view  so  modest   and  resigned,  I  propose  m  the 
sequel   to    test  within    narrower    limits,  and    by   what 
seems  to  me  a  novel  method,  the  validity  of  the  con- 
viction that  a   true   understanding   of  phenomena   and 
events  can  be  attained  only  by  viewing  them  m  their 
interdependence   and   collective  effect.     If  anythmg  m 
the  wide  expanse  of  physical  and  mental  life  deserves 
to   be    considered   as   one   and  indivisible,  it  is   surely 
human  thought  in  its  various  branches  and  manifesta- 
tions.    The  attempt  to  trace  its  origin  in  the  early  ages 
of  civilisation,   or   to  foreshadow   the  end   which  it  is 
slowly  approaching,  may  indeed  be  impossible ;   but  of 
the    age    to    which   we    belong,    and    the    literature    of 
which  we  have  witnessed  the  growth,  we  may  claim  to 
possess   a   deeper    knowledge.     Astronomers    have    sue 
ceeded  in  gaining  a  view  of  immense  and  distant  orbits 
by  minutely  observing  and  tracing  merely  an  insignifi- 
cant portion^   which    came   within    their    view.     Com- 
.  parative    anatomy   teaches   how   from    a   few   survmng 
links  to  construct  the  whole  framework  of  an  orgamsm. 
I  propose  to  apply  a  similar  method  to  the  small  portion 
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mond's  may  be  termed  the  philo- 
sophy of  the  Limits  of  the  Know- 
able.  Both  views  form  a  contrast 
to  Lotze's  philosophy. 

1  The  most  brilliant  example  of 
this  is  the  discovery  of  the  planet 
Ceres  by  Piazzi  at  Palermo  m  the 
New  Year's  night  of  1801  ;  the  in- 
vention of  special  methods  for  cal- 
culating the  orbit  of  this  planet, 
which  had  been  lost,  by  Gauss  in  the 
course  of  1801;  and  the  rediscovery- 
>f  it  by  Olbers,  aided  by  Gauss  s 
'^    jmeris,  in  the  New  Year's  night 


of  1802.    After  the  discovery  of  this 
first  of  the  small  planets,  but  before 
it  was  known  in  Germany,  Hegel 
published    his    'Dissertatio    philo- 
Bophica  de  orbitis  planetarum,'  m 
which  he  ridiculed  the  search  for 
new  planets,  but  which  Duke  Ern- 
est of  Gotha  sent  to  the  astrono- 
mer Zach  with  the  superscription, 
"Monumentum  insanise  sseculi  de- 
cimi    noni."      See    R.    Wolf,    Ge- 
schichte  der  Astronomic,  Miinchen, 
1877,  p.  684  iqq. 


of  mental  progress  of  which  I  have  been  able  to  take 
personal  notice  and  of  which  I  have  felt  the  immediate 
personal  influence.  A  tracing  as  concisely  as  possible 
of  this  comparatively  small  portion  of  the  course  of 
European  thought  may  be  the  first  approximation  to 
more  accurate  delineations,  which  themselves  will  be 
the  means  of  gradually  gaining  a  truer  idea  of  the  pur- 
port and  significance  that  belong  to  the  larger  dimen- 
sions of  the  mental  life  of  mankind. 

This  life  does  not  consist  in  the  accumulated  knowledge 
of  our  century,  not  in  the  results  of  scientific  inquiry  de- 
posited in  libraries  and  museums,  not  in  the  many  schools 
for  learning  and  study,  not  in  educational  and  social  re- 
forms, least  of  all  in  political  and  economic  institutions. 
These  are  all  external  objects,  which  are  capable  of  being 
described  or  photographed  like  the  external  objects  of 
nature.     The  mental  life  of  mankind  consists  in  the  inner       so. 

What  the 

processes  of  reflection,  by  which  these  external  objects  have  S^in^nVr^d 
been  produced,  by  which  man  has  been  able  to  add  to  the  ^'^^^^^^^o^- 
physical  creation  of  nature  a  new  creation  of  his  own,  by 
which  he  has  been  able  to  change  the  face  of  the  earth, 
and  endow  the  objects  of  nature  with  an  ideal  meaning. 
To  this  end  he  is  always  inventing  and  using  methods 
which  change,  suggesting  and  applying  principles  which 
turn  out  to  be  half  true  or  totally  fallacious,  guessing  at 
results  and  aims  which  have  to  be  abandoned,  inventing 
theories  which  are  short-lived — in  fact,  erecting  scaffold- 
ings with  the  help  of  which  he  raises  the  structures  of 
Society,  Art,  and  Science :  these  remain  as  the  historical 
testimonies  of  his  activity ;  the  scaffoldings  are  removed  as 
of  merely  transient  and  temporary  value ;  and  yet  they 
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Methods, 
the  most 
approved, 
have  their 
day,  and 
cease  to  be. 


32. 
One  centnry 
does  not 
inherit  all 
of  the  past ; 
it  discards 
much. 


alone  constitute  the  mental  life  which  interests  us.     Only 
so  far  as  we  have  taken  part  in  building  the  scaffolding, 
only  in  so  far  as  we  have  witnessed  the  many  contrivances 
which  have  been  used,  only  in  so  far  as  we  have  seen  the 
growth  of  any  structure  from  small  beginnings,  from  the 
first  sketch  of  the  architect,  can  we  say  that  we  know 
something  of  the  mental  life  which  lies  hidden  in  and 
behind  those  external  signs  and  documents.     A  closer 
study  of  what  we  ourselves  have  witnessed  is  thus  the 
only  way  of  attaining  some  insight  into  the  workings  of 
the  mind — the  spiritual  life  of  mankind.     We  shall  pres- 
ently find  that  in  science  as  well  as  in  philosophy  every 
period  starts  from  certain  assumptions  and  proceeds  ac- 
cording to  certain  methods,  that  certain  habits  of  thought 
become  general,  and  certain  views  become  accepted ;  but  in 
the  course  of  one  or  two  generations  we  find  those  assump- 
tions questioned,  those  methods  criticised,  a  new  habit  of 
thought  introduced,  and  those  general  views  which  seemed 
so  natural  and  convenient  giving  way  to  new  and  altered 
ones.     The  whole  fabric  of  society,  the  whole  structure  of 
science  and  knowledge,  all  the  applications  of  art,  have  to 
be  remodelled  on  new  principles,  and  to  meet  our  changed 
demands.     Few  indeed,  very  few,  of   the  old  creations 
remain.     One  or  two  so-called  laws  of  science  that  sur- 
vive, a  few  dozen  books  that  are  re-edited,  half-a-dozen 
works  of  art  and  one  or  two  great  poems, — this  is  about 
all  that  our  century  will  at  its  close  have  preserved  as  the 
living  inheritance  of  its  early  years  :  all  the  others  will  be 
relegated  to  the  growing  bulk  of  historical  records.     Pos- 
sessed of  merely  monumental  interest  as  documents  of  a 
bygone  life,  these  creations  had  to  be  left  aside  as  incap- 


able  of  marking  or  guiding  any  longer  our  onward  career. 
A  few  centuries  lapse,  and  posterity  will  look  upon  thena 
as  we  do  on  the  huge  monuments  of  early  Eastern  civili- 
sation, on  the  Sphinx  in  the  desert  pr  the  Pyramids  of 
Egypt,  wondering  by  what  ingenious  contrivances  they 
were  raised,  what  amount  of  human  work  and  suffering 
they  represent,  or  what  idea  lived  in  the  minds  of  those 
who  planned  and  placed  them  where  they  still  remain. 

III. 

It  is  the  privilege  of  art  to  represent  at  a  glance  the        , 
whole  of  Its  object,  and  thus  to  produce  at  once  a  total  Sf/ 
effect  on  the  mind  of  the  beholder.     Closer  scrutiny  may  "^'■ 
follow  and  may  show  how   the  various  parts   support 
the  whole,  how  the  uniting  idea  is  revealed  in  all  the 
mamfold  detail  of  the  component  elements :  still  the  im- 
pression of  the  whole  remains  and  supplies  the  key  for 
the  comprehension  of  every  part.     Literature,  science,  and 
history  are  denied  this  privilege  of  presenting  their  ob- 
jects m  their  entirety,  and  thus  giving  from  the  outset  a 
commanding  view,  a  leading  and  abiding  impression  of  the 
whole.     We  have  to  ask  the  student  to  follow  us  patiently 
by  an  isolated  path  to  the  summit :  many  ways  lead  to  it 
and  we  may  err  in  the  choice  of  the  right  and  convenient 
one.     Even  if  we  succeed  in  reaching  the  central  position 
we  may  have  fatigued  the  reader  on  the  road  or  produced 
sensations  which  prevent  the  unbiassed  contemplation  of 
the  whole  view  when  it  is  presented.     With  us  the  whole 
IS  only  the  sum  of  its  many  parts,  whereas  with  the  artist 
the  parts  are  merely  fractions  of  a  united  whole     In 
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2. 

Some  peri- 
ods of  his- 
tor>-  take 
their  name 
from  some 
great  event 
or.move- 
ment. 


3. 

No  central 
event  in  o\ir 
age. 


treating  of  the  thought  of  the  century,  even  within  the 
narrow  limits  which  have  been  prescribed,  I  am  met  with 
similar  difficulties.     In  the  large  circumference  of   the 
domain  of  thought  I  have  to  choose  a  starting-point  and 
to  construct  a  road  which  may  lead  to  the  central  position, 
hoping  there  to  gain  a  comprehensive  view  of  the  whole. 
Some  periods  of  history  are  characterised  by  one  great 
and  central   movement  which   absorbs  all  active  forces 
and    all    intellectual    and    imaginative    power,    making 
them   either   subservient  to  one  end   and  purpose,  and 
helpful  in  the  elaboration  of  one  idea;  or  else  forcing 
them  into  opposition,  where  they  testify  equally  to  the 
importance    of    this    central    movement.     Such    periods 
were,  for  instance,  the  long  centuries  of  Jewish  history, 
the  early  age  of  the  Christian  Church,  the  period  of  the 
culmination  of  Papal  power,  the  Eeformation,  the  French 
Eevolution.     In  studying  the  thought  of  such  ages,  we 
are  not  at  a  loss  where  to  find  the  leading  idea, — we 
easily  fix  the  centre  of  the  vortex  which  draws  into  its 
motion  all  the  existing  forces,  all  genius  and  all  talent. 
In  an  age  like  that  of  the  Eeformation  we  can  speak  of 
the  Politics  of  the  Eeformation,  the  Eeligion  of  the  Eefor- 
mation, the  Philosophy,  Literature,  and  Art  of  the  Eefor- 
mation, and  we  are  pretty  sure  to  embrace  under  these 
various  heads  an  account  of  all  the  mental  progress  and 
to  trace  all  the  thought  of  that  age,  be  it  friendly  or  anta- 
gonistic.   It  is  evident  that  no  such  central  event,  no  such 
all-absorbing  vortex  of  motion,  exists  in  the  period  which 
we  have  lived  through.    The  uniting  bond,  if  it  exists,  lies 
much  deeper ;  the  problem  we  have  been  engaged  in  solv- 
ing, the  prize  we  are  fighting  for,  does  not  present  itself  on 
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the  surface ;  it  is  not  explicitly  stated,  it  must  be  implied 
rather  than  defined.  The  great  object  of  our  life  and 
labour  has  not  been  clear  to  us,  as  it  seemed  clear  to  those 
who  lived  during  the  Eeformation  or  the  Eevolution,  other- 
wise we  should  not  have  philosophies  of  the  Unconscious 
and  of  the  Unknowable,  and  the  century  would  not  end 
m  asking,  Is  life  worth  living  ? 

Then,  again,  we  find  in  history  long  periods  of  quiet 
development,  where  men's  minds  seemingly  run  very  much 
in  the  same  direction,  exhibiting  a  general  tendency  of 
Ideas  the  spreading  of  a  defined  habit  of  thought  and  of 
simple  methods,  the  application  of  a  few  principles :  such 
a  period  was  that  preceding  the  French  Eevolution  the 
greater  part  of  the  eighteenth  century.     It  has  therefore 
been    easy   to   characterise   that    century:   it   has    been 
termed   the  philosophical   century,  the  century   of    the 
Aufklamng,   the   century   of    Voltaire.^      No   such   one 

political  and  literary  work  of  the 
last  century.     The  first  draft  of  it 
appeared  in   1824,  after  Schlosser 
had  passed  two  years  in  Paris,  where 
no  doubt  he  must  have  come  under 
the  influence   of  Villemain.      The 
work  itself  began  to  appear  in  1826 
and  was  finished  in   1848.      It  is 
considered  to  be  Schlosser's  greatest 
work,  and  had  a  large  circulation. 
Ihe    connection    of    political    and 
literary    history    was    studied    by 
Gervmus,    who    with    Hiiusser    is 
usually    counted    as    a    pupil    of 
I   Schlosser.       But    the    great    work 
j  which   Villemain    had    begun   and 
Schlosser  taken  up  was  adequately 
j  carried   out    by   Hettner,    who    in 
his   '  Literaturgeschichte  des  acht- 
zehnten    Jahrhunderts '    conceived 
the  whole  intellectual  movement  of 
that  age  as  a  battle  for  enlighten- 
ment {Kampfder  A  ufkldrwng).  The 


The    first    who    reviewed    the 
literature  of  the  eighteenth  century 
from  an  international  point  of  view 
was  Villemain,  who  as  early  as  1820 
was  engaged   in   lecturing  at    the 
borbonne   before   the   aUe  of   the 
rising  literary  generation  of  France 
on  the  literature  of  the  eighteenth 
century,  taking  France  as  the  centre 
and  showing  the  influence  of  foreign 
literature,  especially  English,  as  like- 
wise the  reaction  of  French  ideas 
abroad.     He  was  too  early  to  recog- 
nise the  true  meaning  of  the  new 
spirit  which  had  then  already  gone 
forth  from  Germany.  In  this  respect 
his  •  Cours  de  Litterature  francaise,' 
published  in  1828  and  republished  in 
1864,  remains  incomplete.  Schlosser 
next  attempted  to  present  in   his 
Geschichte  des  achtzehnten  Jahr- 
hunderts,'    after    the    manner    of 
l^ibbon,  a  picture  of  the  combined 
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4. 

Is  history 
of  thought 
history  of 


^  ^•..A  fr^  mir  ncrp    no  one  name  can  be 

term  can  be  applied  to  our  age,  no  ui 

found  which  carries  with  it  the  recognition  of   all  the 
many  interests  which  surround  us. 

It  has  been  suggested  by  some  that  the  history  o 
octhought    thought  is  equivalent  to  the  history  ^^  PJ^^^^^^^^^^^^^^ 
"^^^  the  different  philosophical  systems  and  theories  exhibit 
in  the  abstract  the  course  which  ideas  have  taken  m  an 
ace^     A  history  of  thought  in  the  nineteenth  century 
w^uld  thus  mean  a  history  of  nineteenth  century  philo- 
sophy.    There  have  indeed  been  plenty  of  philosoph^^^^^ 
and  systems  during  our  period,  but  m  spi^  of   their 
.reat  number  and  variety-ranging  from  the  extreme 
Idealism  of  Fichte  to  the  equally  extreme  materialism 
of  Blichner^— we  feel  that  they  do  not  cover  the  whole 
area  of  thought.     The  period  in  -r  century  which  m 
England  was  most  barren  in  philosophy,  the  first  forty 
years,  produced  an  entirely  new  literature  and  a  nove 
conception  of  art,  both  containing  new  sources  of  mental 
life,  though  they  have  hardly  yet  found  expression  m  any 
philosophical  system.     Equally  barren  in  speculation  was 
France   during  the  Eestoration ;  yet  there,  too,  was  a 


latter  part  of  his  work  deals  with  I 
the    reaction    against   Aufklarung 
and  "Rationalism"  as  it  began  in 
England,   and  was  represented  on 
the    Continent    by   Rousseau    and 
the    earlier   ideals    of    the   French 
Revolution.    Through  Rousseau  and 
the    Revolution    the    growing    in- 
fluence  of  the  new  spirit  of  English 
literature  was  overpowered  and  lost 
for  the  Continent.    And,  as  we  have 
to  regret  in  ViUemain  his  neglect 
of  the  new  life  of  Germany,  so  we 
have  to  deplore  that  Hettner  fol- 
lowed the  developments  of  Rational- 
ism aud  Aufklarung  only  in   the 


form  they  assumed  in  Germany, 
neglecting  to  notice  the  contem- 
porary growth  of  the  new  life  m 
English  Literature  and  Art,  to 
which,  in  fact,  no  German  historian 
has  as  vet  done  justice. 

1  See  especially  Hegel's  Lectures 
on  the  History  of  Philosophy  m  his 
collected  works,  vol.  xiii.  p.  68  «^'/- 
(Complete  edition,  Berlin,  1832.) 

2  The  principal  publications  of 
this  school  are  Vogt, '  Physiologische 
Briefe,' 1845-47  ;  Moleschott,  Der 
KreislaufdesLeben8,'1852;  Buch- 
ner,  '  Kraft  und  Stoff,'  1855. 


5. 

Goethe's 


brilliant  era  of  literature,  and  the  whole  of  Europe  was 
illuminated  by  the  light  of  science  which  emanated  from 
Paris  during  the  first  third  of  this  century.  History  of 
philosophy   has  little  to  say  about  Goethe,  though  his  woSYn- 

»  to  volvesthe 

work  embodies  for  us  probably  the  deepest  thought  of  f^^^^^^  ^f 
modern  times.  Again,  the  only  great  and  novel  system  ^^^  century. 
of  philosophy  which  France  has  produced  during  this 
century  is  that  of  Comte,  but  it  has  had  only  small 
influence  in  its  own  country ;  and  who  would  say  that 
it  reflects  French  thought  of  the  period  as  Voltaire 
and  Montesquieu  reflected  the  thought  of  the  last 
century  ?  Hegel  himself,  who  was  intent  upon  tracing 
the  working  of  the  human  mind  in  the  systems  of 
philosophy,  declared  that  philosophy  is  the  latest  fruit 
of  civilisation, — that  the  special  idea  which  governs  any 
period  is  already  dying  out  when  it  appears  in  a  system.^ 


^  The  principal  passage  expound- 
ing this  idea  of  Hegel's   is  to  be 
found  in  the  introduction  to  the 
course  of  lectures  which  he  delivered 
at  Berlin  repeatedly  during  the  years 
1816   to   1830.      See   his   collected 
works,  vol.  xiii.  p.  66  :  "  Philosophy 
makes  its  appearance  at  the  time 
when   the   mind   of   a   nation   has 
worked  itself  out  of  the  indifferent 
dulness  of  the  early  life  of  nature, 
as  well  as  out  of  the  period  of  pas- 
sionate interest ;  inasmuch  as  the 
direction  towards  detail  has  spent 
itself,    the    mind    transcends    its 
natural   form — it  passes    on   from 
practical  morals,  from  the  force  of 
real  life  to  reflection  and  compre- 
hension.    The  consequence  is,  that 
it  attacks  this  actual  form  of  exist- 
ence, these  morals,  this  faith,  and 
disturbs  them  ;  and  with  this  comes 
the  period  of  decay.     The  further 
stage  is,  that  thought  tries  to  collect 
itself.     One  may  say,  that  where  a 


people  has  come  out  of  its  concrete 
forms  of  life,  where  distinction  and 
separation    of   classes   has    set  in, 
where    the   nation    approaches    its 
fall,   where    a   rupture   has   taken 
place  between  the  inner  desires  and 
the  external  reality,  where  the  rul- 
ing form  of  religion,  &c.,  &c.,  does 
not  satisfy,  where  the  mind  shows 
indifference  towards  its  living  exist- 
ence or  lingers  discontestedly  in  it, 
where  moral  life  is  in  dissolution — 
then    only   does   one   philosophise. 
The  soul  takes  refuge  in  the  realms 
of  thought,  and  in  opposition  to  tlie 
real  world  it  creates  a  world  of  ideas. 
Philosophy  is  then  the  reparation  of 
the  mischief  which  thought  has  be- 
gun.    Philosophy  begins  with  the 
decline  of  a  real  world  :  when  she 
appears  with  her  abstractions,  paint- 
ing grey  in  grey,  then  the  freshness 
of  youth  and  life  is  already  gone  ; 
and  her  reconciliation  is  not  one  in 
reality,  but  in  an  ideal  world." 
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6.        This  means  that  philosophy  is  retrospective :  it  sums  up, 
retrospec-     it  ciiticises,  it  does  not  prefigure  the  future.     The  correct- 


ness of  this  proposition  may  be  doubted.  We  shall  have 
to  deal  with  it  in  another  place.  At  present  it  reminds 
us  that  thought,  in  the  sense  in  which  we  take  it,  cannot 
be  identified  with  philosophy,  and  hence  a  history  of 
philosophy  in  the  nineteenth  century  is  not  identical 
with  a  history  of  its  thought.  There  is  indeed  a  sense 
in  which  the  word  philosophy  is  sometimes  used,  when 
it  approaches  more  nearly  to  the  meaning  of  the  word 
thought,  as  we  intend  to  use  it.  Whewell  has  in  this 
sense  written  the  philosophy  of  the  inductive  sciences, 
meaning  to  trace  in  that  work  the  processes  of  thought 
which  are  consciously  or  unconsciously  employed  in 
scientific  research  and  reasoning,  and  which  lead  to 
7.        progress  in  science.      Something  similar  might   be   at- 

"WTien  does  . 

thought  tempted  m  regard  to  art,  commerce,  politics,  government, 
sophy?  religion,  and  literature  generally.  In  every  case  philo- 
sophy would  simply  mean  the  peculiar  way  of  thinking 
and  reasoning  which  is  adopted  in  these  various  branches 
of  practical  or  intellectual  life.  This  is,  however,  not  the 
sense  in  which  the  word  philosophy  is  generally  used. 
It  generally  denotes  something  more  than  a  statement  of 
method  or  a  rationale  of  ideas  and  reflections  ;  it  denotes 
a  definite  theory,  an  explanation  of  a  larger  or  smaller 
circle  of  phenomena.  As  such  it  certainly  forms  a  part 
of  the  thought  of  the  century,  probably  the  most  in- 
teresting and  fascinating  part;  but  it  is  also  that 
which  is  most  liable  to  change,  most  subject  to  discus- 
sion ;  whereas  the  other  more  hidden  thoughts  and  reason- 
ings form,  as  it  were,  the  ground  upon  which  all  the 


intellectual,  artistic,  and  practical  achievements  of  the  age 

It  would  thus  appear  as  if  an  account  of  the  thought  of        s 

investigations.    In  the  iirst  place,  we  should  regard  thought  ^"  SZ 
merely  as  a  means  to  an  end,  as  the  method  adopted  to  -"" '^ 
attain  a  certain  purpose,  be  it  practical  or  theoretical      It 
wou  d  mean  the  peculiar  kind  of  reasoning  which  has  been 
employed  m  the  search  for  knowledge  ^r  in  its  useful 
application      As  all  reasoning  starts  from  certain  assump- 
tions, called  premisses,  or  principles,  or  axioms,  and  pro- 
gresses from  these  by  certain  methods,  this  portion  of  our 
task  would  divide  itself  again  into  a  statement  of  the 
principles  which  underlie,  and  an  account  of  the  methods 

But  thought  does  not  exist  merely  for  the  sake  of  in- 
creasing our  knowledge  of  things  and  of  applying  this  to 
practical  purposes.  Occupied  in  this  way  meref,  it  re- 
mams  fragmentary,  incomplete,  and  not  infrequently  it 

purely  to  detailed  research  or  to  practical  work  are  again 
and  again  compelled  to  take  a  wider  and  deeper  view  of 
things  than  their  special  occupation  affords.     One  may 

useless  f    *'\"^*°'^^  ^^^^  ^«  -  "-g  daily  become    • 
useless  for  certain  practical  purposes  he  has  in  view  and 

half  h  s  hfetime  he  has  applied  with  unquestioning  faith 
m  their  validity  and  usefulness.     Another  may  hafe  m  t 

search,  that  he  wishes  to  apply  it  to  subjects  which  were 
previously  handled  in  a  different  manner,  or  elevat  IZ 
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the  dignity  of  a  general  rule  of  thought.     A  third  may, 
accidentally,  be  interested  in  two  or  more  pursuits  which 
are   seemingly  unconnected,  but  which — being  brought 
side  by  side  in  his  mind — he  feels  the  wish  to  unite 
and  harmonise.     A  fourth  may,  at  a  certain  time  of  life, 
grow  tired  of  the  drudgery  of  petty  pursuits  which  never 
carry  him  beyond  a  very  limited  sphere  of  interests :  he 
is  tempted  to  look  beyond  this  narrow  range,  and  gain 
some  wider  view  of  other  pursuits  and  interests.    Allowing 
that  ignorance  or  indifference  prevents  even  the  majority 
of  those  whose  powers  are  not  exhausted  in  the  struggle 
for  mere  existence  from  looking  much  beyond  their  nar- 
row circle,  allowing  also  that  many  of  us  live — like  chil- 
dren— in  a  blessed  trust  that  the  great  and  important 
interests  of  mankind  are  under  higher  and  better  guidance 
than  we  can  understand  or  control,  there  still  remain  a 
considerable  number  of  persons  who  are  always  on  the 
look-out  for  something  higher,  wider,  and  better,  who  are 
driven  by  an  undying  thirst  after  real  wisdom,  or  by  an 
inherent  restlessness  of  disposition  to  inquire  into  the 
deepest  foundations  and  the  ultimate  ends  of  the  world 
and  life.     Language  has  coined  a  word  which  denotes  the 
whole  of  these  occupations  and  endeavours,  how  various 
so  ever  they  may  be,  and  for  whatsoever  purpose  they  may 
be  undertaken.     It  calls  them  speculations.     The  word 
also  indicates  the  venturesome  and  risky  nature  of  these 
undertakings.    They  have  existed  in  all  ages  and  countries 
and  languages  wherever  literature  has  existed,  and  have 
been  carried  on  by  the  powers  of  reason  or  imagination, 
in  prose,  verse,  or  symbol,  sometimes  in  defined  and  clear 
terms,  more  often  in  mystic  allegory.     Philosophy  may  be 
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said  to  have  grown  out   of  these   vague   and   scattered 
begmmngs  by  the  attempt  to  conduct  them  accord t    0 

sistent  whole.    Philosophy  may  thus  be  defined  as  specula-       . 
^on  earned  on  according  to  some  clear  method,  alat  &- 
mg  at  systematic  umty.^     Both  science  and  philosoBhv 
-ay  be  called  methodical  thought,  but  the  .or!^yZl 

imZ:  T '  '^  ^'^  '^^'^^  ^^^  --  ^^— ^  ^- 

ieotlZlrrZ^  ''  '  """'  "^'^'^  ^'  ^-  ob- 
ject.    In  the  first  we  have  to  consider  thought  merely  as    c 

a  means  to  an  end ;  in  the  second  we  have  toLside"  ^  a 

te^tTnlt  """'  '''  ^""  ^^^^^^'  '''  ^^-'  i^«  -Mity,  of 
certainty,  completeness,  and  unity.     The  whole  If  th. 


Lotze  8  definition  (see  *  Grundziige 

Ihe  commoii  culture  of  life  and 
^e  separate  scU^es  contain  a  num 
oer  of  suppositions   the  origin  of 
which  IS  obscure  to  us,  because  ?hey 

Tf  ml"  *^'^"^^  *^^  comparison 
thev  h3  rP.T'°'^'»  ^^  because 
means  nf  ^''^^^^^^^  conscious  by 
means  of  auch  experiences,  have 
then  received  definite  names  and  bl! 
come  habitual  without  having  been 

th.p  .  \^^!  u^^"^°'  *^«  «eosc.  and 
the  extent  of  their  validity.    In  this 

way  science  and  life  make  use  of  the 

and  r  "'  T''  '°^  '^'^'^  ^'  ^'^r 
and  force,  of  means  and  end,  oi  free- 
dom and  necessity,  of  maiter  ^Zd 
VOL.  I. 


rntnd,  and  they  frequently  entangle 
themselves,  owing  to  the  above-n^en! 
tioned  defect,  in  contradictions  In- 
asmuch as  they  are  unable  to  fix  the 
limits  of  validity  of  these  to  some 
extent  contradictory  assumptions, 
^ow  we   may  formally   define 

tLtftis'^'^'^rp^y^^^^"--": 

It  J  A  °  ^^^eavour  to  import 
unity  and  connectedness  into  the 
scattered  directions  of  cultured 
thought,    to  follow  each   of  these 

fn\T  rL"''  '"^  assumptions  and 
ihem^l  ?°^T^°«««»  to  combine 
them  all  together,  to  remove  their 
contradictions,  and  to  form  out  of 
them  a  comprehensive  view  of  the 
worid  mainly,  however,  to  subject 
those  Ideas  which  science  and  itfe 
regard   as  pHnciples  to  a  spec  al 

W  °^/ i°  ?-der^  determinf  hi 
limits  of  their  validity. " 


;i 


12. 
Neither 
science  nor 
philosophy 
comprises 
the  whole 
meaning  of 
the  word 
thought. 


18. 

Thought 
also  hidden 
in  the  liter- 
ature and 
art  of  the 
age. 


QQ  INTRODUCTION. 

term  Philosophy ;   and  as  the  first  part  wUl  deal  wixh 
the  scientific,  so  will  the  second  deal  with  the  philo 
sophical  thought  of  our  century. 

Science  has  gradually  risen  out  of  the  mass  of  accu 
Jated   hut  Lccurate  and  disorderly  knowledge  by 
the  desire  of  making  it  accurate,  orderly,  and  use^^uL 
Philosophy  has  similarly  emerged  from  the  great  world 
of    specVative  thought   by    the    desire    of    carrying  J 
on   methodically   and   for  a  defined   end   and  purpose 
Nevertheless  neither  the  one  nor  the  other    nor  bo  h 
together,  really  exhaust  the  whole  meamng  of  the  word 
« Thought";  neither  science  nor  philosophy  covers    he 
whole  Wo;  of  thought.     Both  are  comprised  under  the 
term  methodical  thought;   but  there  remams  the  great 
Ly  of  immethodical,  undefined  thought.    This  is  buned 
^general  literature,  in  poetry,  fiction,  and  art,  it  shows 
its  practical  influence  in  the  artistic,  moral,  and  religious 
life  of  our  age.     It  is  a  reflection  of  the  knowledge  of 
cience  or  the  light  of  philosophy,  but,  like  all  reflect  d 
licht  it  not  only  follows,  it  also  precedes  the  real  and  full 
i:ht':  it  is  not  only  the  dusk  that  comes  after  it  is  also 
the  dawn  that  comes  before  the  day,  it  is  the  twilight 
of  thought.    In  it  lie  hidden  the  germs  of  future  thought, 
the  undeveloped  beginnings  of  art,  philosophy,  and  science 
yet  unknown  and  undreamt  of ;  it  encloses  -d  -rrou^^^ 
L  innermost  recesses  of  the  mind,  where  all  thought  had 
its  origin,  and  whence  it  ever  and  again  draws  fresh  life 
and  inspiration. 
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1  This  is  originally  a  Leibnizian 

idea.    It  is  laid  down  in  the  doctrine 

'   of  the  petites  perceptions,  as  given 


in  the  introduction  to  the  Nou- 
veaux  Essais,'  and  referred  to  in 
many  passages  of  Leibniz  s  various 


No  account  of  the  thought  of  our  century  would  be 
complete  or  satisfactory  which  took  no  notice  of  this  great 
volume  of  immethodical  and  unsystematic  thought  which 
lies  buried  in  the  general  literature  and  in  the  art  of 
the  age.  Both  have  shown  a  vitality,  originality,  and 
versatility  which  exceed  that  of  any  except  the  few 
favoured  periods — those  of  Athens  under  Pericles,  Italy 
during  the  Renaissance,  and  England  under  Elizabeth. 
In  one  of  the  arts,  in  music,  our  age  has,  according  to  the 
opinion  of  many  competent  judges,  exceeded  in  originality 
and  certainly  in  productiveness  all  former  ages.  In 
poetry  Goethe  and  Wordsworth  have  raised  our  tastes  u. 
and  demands  to  a  higher  level,  in  fiction  France  and  wordswo^h 

-c      1       J  T_  1  raised  our 

hngisLna  have  almost  created  a  new  branch  of  literature,  I  **'^^- 
whilst  the  peculiar  features  of  modern  English  landscape- 
painting  were  unknown  to  previous  centuries.     All  this, 
though  produced  under  no  scientific  or  philosophical  rule 


writings.  See  'Nouv.  Ess.,'  Pre- 
face, Leibniz,  Philosophische  Werke, 
ed.  Gerhardt,  vol.  v.  p.  48  : — 

"Ces  petites  perceptions  son  t done 
de  plus  grande  efficacepar  leur  suites 
qu'on  ne  pense.  Ce  sont  elles  qui 
forment  ce  je  ne  S9ay  quoy,  ces 
gouts,  ces  images  des  qualit^s  des 
sens,  claires  dans  I'assemblage,  mais 
confuses  dans  les  parties,  ces  im- 
pressions que  des  corps  environnans 
font  sur  nous,  qui  enveloppent 
I'infini,  cette  liaison  que  chaque 
estre  a  avec  tout  le  reste  de  I'uni- 
vers.  On  pent  meme  dire  qu'eu 
consequence  de  ces  petites  percep- 
tions le  present  est  gros  de  I'avenir 
et  chargd  du  passe,  que  tout  est 
conspirant  (trvixirvoia  ir<£i»Ta,  comme 
disoit  Hippocrate)  et  que  dans  la 
moindre  des  substances,  des  yeux 
aussi    per^ans   que  ceux  de  Dieu 


pourraient  lire  toute  la  suite  des 
choses  de  I'univers. 

"  Qua)  sint,  quae  f  uerint,  quae 
mox  futura  trahantur.  .  .  .  C'est 
aussi  par  les  perceptions  insensibles 
que  s'explique  cette  admirable  har- 
monic preestablie  de  I'dme  et  du 
corps,  et  meme  de  toutes  les  Mon- 
ades  ou  substances  simples,  qui  sup- 
plee  a  I'influence  insoiitenable  des 
uns  sur  les  autres,  et  qui  au  juge- 
ment  de  I'auteur  du  plus  beau  des 
Dictionnaires  exalte  la  grandeur 
des  perfections  divines  au  delh.  de 
ce  qu'on  eu  jamais  con^u." 

The  importance  of  this  idea  of 
Leibniz  has  been  dwelt  on  at  length 
by  Kuno  Fischer  in  his  '  Geschichte 
der  neueren  Philosophic,'  where  he 
also  traces  its  influence  in  the 
development  of  philosophy  and 
literature  in  Germany  after  Leibniz. 
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and  very  frequently  outside  of  any  school,  points  to  novel 
modes  of  mental  conception,  to  a  fund  of  ideas  yet  im- 
developed  or  only  partially  developed  into  clear  thought. 
The  whole  of  this  productiveness  indicates  a  vast  amount 
of  mental  work  which,  though  not  yet  absorbed  by  science 
or    philosophy,   belongs   nevertheless,   according    to    our 
original  conception,  to  the  world  of  thought.     The  mean- 
ing of  it  may  be  enigmatical,  and  the  clear  expression 
which  it  will   some   day   produce   in  philosophical   and 
scientific  reasoning  may  be  far  distant  and  unintelligible 
15.        to  us  now.     Still  there  it  is,  this  great  body  of  undefined 
cai  thougiit.'  thought,   this   volume   of   diffused   light,   the   focus  and 
centre  of  which  is  still  hidden  from  us.     We  feel  that  in 
discussing  the  thought  of  the  century  we  cannot  pass  it 
by  or  neglect  it. 

It  is  difficult  to  find  any  one  term  under  which  we 
could  comprise  this  great  body  of  unmethodical,  scattered, 
and   fragmentary   thought, — any   one  word,   similar    to 
science  and  philosophy,  in  which  we  could  sum  up  and 
characterise  its  general  meaning  and  tendency.     So  far 
we  have  only  stated  what  it  is  not,  what  to  a  large  extent 
it  perhaps  never  will  be — viz.,  methodical.     And  yet  we 
feel  that  it  contains  that  kind  and  portion  of  thought 
which  touches  our  deepest  interests,  our  most  intimate 
concerns,  our  noblest  aspirations.     Science  becomes  more 
and  more  a  mere  calculation,  une  qitestion  d'analyse,  an 
occupation  for  the  laboratory,  the  workshop,  the  manu- 
factory, and  the  market ;  philosophy  savours  at  its  best 
too  much  of  the  school  and  lecture-room,  runs  too  much 
into  systems  and  categories,  it  fatigues  us  with  definitions 


and  abstractions.     But  neither  calculation  and  measure-       . 
ment   nor  dehmtion  and  abstraction,  suffice  to  exhaust  «e 
what  IS  to  us,  m  the  quiet  and  serious  moments  of  life  of  ^^"^ 
the  deepest  concern-.ie.,  our  religion.     I  use  the  w^rd  """"" 
here  m  its  original  sense,  and  I  propose  to  sum  up  in  the 
term  r^hgxous  thought  the  whole  of  the  thought  contained 
n  that  large  volume  of  literature  which  does  not  submit 
to  scientific  and  philosophical  treatment,  but  which  never- 
theless forms  so  important  an  outcome  of  the  mental  life 
or  the  century. 

There  are  other  words  more  or  less  current  in  modem 
literature  that  may  serve  to  throw  some  light  on  the 
distinction  that  I  am  here  drawing  for  the  purpose  of 
affordmg  a  preliminary  view  of  the  course  to  L  pur- 
sued in  the  following  treatise. 

Science  is  said  to  be  exact,  positive,  and  objective,  and       „ 
It  IS  opposed  to  such  other  thought  as  is  inexact,  vague,  e-^pi^, 
and  subjective      Science  is  said  to  convey  its  results  or^'5ti£ 
Ideas  in  defined,  direct,  and  general  terms,  whereas  there 
18  a  large  department  of  literature  and  thought  which 
moves  in  undefined,  symbolical,  and  indirect  expressions. 
So  ence  professes  to  rest  on  clear  and  precise  knowledge, 
and  IS  thus  opposed  to  such  other  realms  of  thouc^ht  as 
rest  on  opinion,  belief,  and  faith.     It  may  be  well  t^  note 
here  that  these  different  terms  refer  either  to  the  method 
of  treatment  or  to  the  matter  which  is  under  treatment. 

metT.'  r.  ''f ""  "^  '^^^  ^  ^^"^  -d  -disputed 
me  hod.  Other  branches  of  thought  either  borrow  their 
methods  from  science,  or  they  have  fluctuating,  not  gener- 
ally recognised  methods,  or  they  refuse  to  submit  to  method 
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18. 
Some  in* 
terests  or 
objects  of 
thought  are 
personal  or 
8ul|jective. 


19. 
Agreement 
on  these 
matters 
impossible. 


altogether.     But  so  far  as  the  matter  under  treatment  is 
concerned,  a  clearer  division  is  possible.     Science  deals 
with  all  such  things  or  objects  of  thought  as  are  common 
to  a  great  many  persons  and — under  certain  circumstances 
are  accessible  to  everybody :  it  thus  claims  that  its  ob- 
servations and  reasonings  can  be  checked  and  submitted  to 
repeated  examination  and  verification  ;  so  that  a  large  por- 
tion of  them  can  always  be  regarded  as  settled  and  agreed 
upon,  and  can  be  taken  for  granted  and  used  as  a  secure 
foundation  by  those  persons  who  are  themselves  unable  or 
unwilling  to  go  through  the  process  of  verification.     But 
there  are  a  great  many  things  and  interests  which  centre 
in  the  individual  mind  of  each  person— which  are,  in  fact, 
personal,  individual,  or  subjective.     They  are  to  all  of  us 
just  as  important  as  the  others.     They  form  the  real  sub- 
ject-matter of  all  that  thought  which  is  separated  from 
science,  and  in  its  very  nature  and  aspect  opposed  to  it. 
In  this  great  province  of  thought  one  pei^on  cannot  do 
the  work  for  many  in  the  same  way  as  is  possible  in 
science.     Proof  is  almost  impossible,  and  agreement  refers 
always  only  to  a  certain  number  of  persons.     Doctrines  or 
theories  in  this  region  of  thought  cannot  be  accepted  and 
taken  for  granted  as  they  are  in  science,  but  every  person 
must  go  over  the  same  ground  for  himself  before  he  has 
any  right  to  accept  or  make  use  of  what  is  given  to  him.  j 
The  real  and  true  character  of  all  this  thought  is  that  it 
is  individual  and  personal,  whereas  all  scientific  thought 
whatever  its  origin  may  be — must  be  general  and  im- 
personal.    At  the  extreme  end  of  thought  in  one  direction 
are  placed  the  mathematical  sciences,  at  the  extreme  end 
in  the  other  lies  religion.     Disagreement  in  the  former  is 


almost  as  unknown  ^  as  agreement  in  the  latter.     There 
we  have  an  almost  universal  unity  of  thought ;  here  unity 
of  thought  probably  never  existed ;  it  is  unknown.     Popu- 
larly we  can  say  that  at  the  one  extreme  lie  knowledge 
and  certainty,  at  the  other  faith  and  belief.     There  is, 
however,  a  very  large  extent  of  ground  between  these  two' 
extremes.    This  is  covered  byall  such  intermediate  thought 
as  rests  partly  on  knowledge,  partly  on  faith,  where  cer- 
tainty  is  largely  mingled  with  belief.     This  large  inter-       20 
mediate  region,  where  changes  and  fluctuations  are  fre-  SeS-^ 
quent  and  rapid,  is  the  proper  home  of  philosophy,  which  ^^^^^^ 
occupies  itself  with  the  grounds  of  certainty  and  belief,  ^^'Si^. 
the  origin  of  knowledge  and  faith,  and  the  relations  in 
which  both  stand  to  each  other.     Were  all  our  thoughts 
either  purely  mathematical  —  i.e.,  referring  to  number, 
measurement,  and  calculation,  or  purely  religious— i.e.,' 
referring  to  our  individual  concerns  and  personal  convic-' 
tions, — the  need  of  a  continued  compromise  or  mediation 
would  be  unnecessary,  the  question  as  to  the  grounds  of 
certainty  or  belief  would  never  arise.     But  no  sooner 
do  we  wish  either  to  apply  our  strict  mathematical  no- 
tions and  processes,  or  to  bring  our  personal  convictions 
into  practical  use,  than  the  two  kinds  of  thought  come 
into  contact,  not  to  say  into  conflict,  and  there  is  need 
of  some  theory  according  to  which  this  contact  may  be 
regulated,  this  conflict  settled.     And  as  the  occasions  for 
such  contact  change  with  the  demands  of  practical  life,  or 


It  may  be  doubted  whether  this 
is  quite  correct,  looking  at  the  con- 
troversies which  have  been  connec- 
ted with  many  mathematical  theo- 
ries—such as  the  theory  of  parallel 
lines,  the  meaning  of  infinitesimals, 


the  correct  measure  of  force. 
These  controversies,  however,  re- 
ferred really  to  applied,  not  to  pure 
mathematics,  and  were  settled  by 
introducing  correcter  and  more 
stringent  definitions. 
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21. 

Threefold 
considera- 
tion of 
thought : 
scientific, 
philosophi- 
cal, indi- 
vidual. 


the  progress  of  applied  science,  these  theories  must  them- 
selves change  and  develop.  Now  it  may  be  generally 
stated  that  it  is  the  task  of  philosophy  to  take  note  of 
these  different  ways  by  which  the  strict  methods  of  science 
are  applied  and  made  useful,  or  by  which  personal  and 
individual  convictions  are  brought  to  bear  upon  practical 
questions  which  are  not  only  of  personal  but  of  general  in- 
terest and  importance.  It  does  not  follow  that  philosophy 
must  necessarily  construct  a  complete  system  ;  but  it  is  a 
natural  and  frequent  occurrence  that  the  occupation  with 
a  great  number  of  detached  theories  or  aspects  of  thought 
generates  the  desire  to  bring  them  into  harmony  and  to 
unite  them  in  a  connected  whole.  Thus  the  enterprise 
which  was  originally  purely  critical  and  preparatory,  and 
undertaken  merely  as  a  means  to  an  end,  may  lead  to  the 
formation  of  a  general  and  all-embracing  view  of  things 
— i.e.,  to  a  philosophical  system. 

From  whichever  side  we  approach  the  matter,  we  are 
thus  always  led  to  a  threefold  consideration  of  thought, 
as  scientific,  as  individual,  and  as  philosophical.  An  at- 
tempt in  which  any  of  these  three  aspects  were  neglected 
could  have  no  value  in  an  account  of  the  thought  of  our 
age.  There  have  indeed  been  schools  of  thought  which 
identified  science  with  philosophy,  or  which  maintained 
that  no  independence  belonged  to  religious,  personal,  or 
individual  thought,  inasmuch  as  this  was  merely  of  a 
derived  character.  Though  such  theories  may  have  ex- 
erted considerable  influence,  they  have  as  a  whole  failed,^ 


^  This  can  be  said  of  Hegelian- 
ism  as  well  as  of  Comtism.  In  the 
former  it  was  a  favourite  doctrine 
that  philosophy  was  the  higher 
wisdom  compared  with  religion  and 


art.  See  Hegel,  *  Geschichte  der 
Philosophie '  (Werke,  vol.  xv.  p. 
684) :  "  The  highest  aim  and  inter- 
est of  philosophy  is  to  reconcile 
thought,    the    idea,    with    reality. 


and  we  find  ourselves  at  the  end  of  a  long  and  critical 
period  unable  to  say  that  any  one  of  the  three  realms 
otjhought  has  gained  an  undisputed  victory  over  the    ' 
others.     Science  is  more  than  ever  that  kind  of  thought 
which  gives  knowledge  and  certainty.     Eeligion  is  still 
the   generally   recognised    abode    for    those    convictions 
vvhich  refer  to  our  deepest  personal  interests.     And  more 
than  ever  do  we  feel  the  need  of  a  reconciliation  of  both       ., 
in  some  theory  of  life  which  is  neither  purely  scientific  nor  ™» 
purely  individualistic ;  and  this  means  that  philosophy  is  -'e- -<." 
as  much  needed  as  ever.     Our  centuiy  has  witnessed  ar"'"- 
great  development  of  scientific  thought,  a  great  revival  in 
rehgious  interest,  religious  feeling,  and  religious  activity  ' 
and  It  IS  probably  richer  than   any  preceding  age  in 
philosophical  theories  and  systems.! 

I  must  repeat  here  what  I  said  above,  that  it  is  a 
misfortune  that  in  dealing  with  a  complicated  subject 
we  are  obliged  to  divide  it,-that  we  are  forced  to  ive 
preference  to  some  one  aspect,  and  to  choose  a  spedal 

Philosophy  is  the  veritable   theo- 
dicy, compared  with  art  and  religion 
and  their  sentiments— this  recon- 
ciliation of  the  mind,  indeed  of  that 
mmd  which  has  grasped  itself  in  the 
freedom  and  wealth  of  its  reality. 
It  IS  easy  otherwise  to  find  satisfac- 
tion m  subordinate  regions  of  intui- 
tion  and    feeling,"   &c,    &c.     Al- 
though it  18  an  exaggeration  to  say 
that    Hegel  desired   to  absorb   or 
evaporate  religious  belief  in  philo- 
sophical knowledge,  as  his  lengthy 
explanation    (Introduction    to    the 
Histoiy  of  Philosophy,'  Works,  vol. 
xiii.  p.  /7  sqq.)  sufficiently  proves, 
there  is  no  doubt  that  the  senti- 
ment expressed  in  the  above  pas-   I 
sage  indicates  that  philosophy  was 
commg  to  the  rescue  of  true  reli- 


gious belief,  which  threatened  to  be 
lost  m  the  rationalistic  and  mystical 
schools  of  the  day.     And  this  had 
tne    further    consequence    that    a 
scientific  occupation  with  or  inter- 
est m  religious  subjects— be  it  meta- 
physical    or    historical— took    the 
i   Pl^e  of  a  purely  religious  interest, 
j   and  that  many  eminent   German 
theolopans     became    either    pure 
metaphysicians    or    merely   critics, 
the  practical  side  being  lost  sight  of 
It  IS  probably  just  as  incorrect 
to  accuse   Comte  of  an   intention 
to  destroy  true  religion  because  he 
preached  the  well-known  doctrine 
ot    the    three    stages    of    human 
thought-the  theological,  the  meta- 
physical, and  the  scientific  or  posi- 
tive.  * 
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point  from  which   to   set    out.      In    dealing   with   the 
thought  of  our  age,  I  have  been  obliged  to  divide  what 
is  in  reality  connected  and  coherent ;  and  I  am  further 
forced,  in  examining  more  closely  its  different  aspects, 
to  select  one  as  the  most  prominent  with  which  to  make 
a  beginning.     In  reality  such  a  preference  does  not  exist 
in  my  plan.     I  recognise  all  the  aspects  of  thought  as 
equally  important,  and  I  feel  that  I  might  begin  with 
any  one  of  the  three,  and  that  I  should  in  due  course  be 
js.       led  on  to  a  consideration  of  the  other  two.     They  are  in 
S^t  ^e  their  actual  historical  appearance  in  the  course  of  our  period 
^^f       80  interwoven  that  they  cannot  practically  be  separated. 
And  it  is  indeed  not  difficult  to  assume  various  positions 
in  contemplating  the  whole  subject  from  which  either  one 
or  the  other  of  the  three  forms  of  nineteenth-century 
thought  assumes  as  it  were  the   ascendancy.     Thus   it 
would  be  undeniable  that  from  a  German  point  of  view 
the  great  movement  of  ideas  centred  in  the  first  third  of 
the  century  in  what  I   have  called   philosophy.      The 
number   of    systems   which    succeeded    each    other  was 
astonishing,  the  influence  they  had  on  literature,  science, 
dnd  practical  life  was  without  precedent,  the  enthusi- 
asm with  which  students  from  all  parts  gathered  in  the 
lecture-rooms    of    the    great    metaphysicians   was   quite 
extraordinary,  and  probably  equalled  only  in  the  schools 
of  Athens  in  antiquity,  or  in  the  lecture-room  of  Abelard 
in  the  middle  ages.     From  this  point  of  view  an  account 
of   this  great  movement— how  it  grew,  flourished,  and 
died  away— would  no  doubt  afford  a  suitable  introduc- 
tion to  the  history  of  thought  in  our  century.     If  after 
this  we  were  to  turn  to  France  and  try  to  fix  upon  the 


most  striking  intellectual  feature  of  the  century,  it  would 
be  the  equally  great  and  remarkable  array  of  scientific 
names   of  the  first  magnitude.     In  France  during  the 
early  part  of  the  century  the  foundation  of  nearly  all  the 
modern  sciences  was  laid ;  many  of  them  were  brought 
under  the  rule  of  a  strict  mathematical  treatment.     It 
was  there  that  scientific  subjects  were  made  so  popular, 
and  clothed  with  a  garment  of  such  elegant  diction,  that 
they  have  since  that  time  greatly  entered  into  general 
consciousness,  and  have  promoted  in  literature  and  art 
an    independent    school  —  the    naturalistic.      Compared 
with    this    mathematical  and  naturalistic  spirit,  philo- 
sophy proper  has  found  but  a  meagre  development  and 
culture  in  France:  the  constructive  tendency  of  ideal- 
ism  has  found  nourishment  for  the  most  part  only  in 
leanings  to  the  older  systems  of  Descartes,  Plato,  and 
Aristotle,  or  to   the  foreign   ones   of  Hegel   and  other 
German  metaphysicians.     Compared   with   Germany  in 
philosophy,  and  with  France  in  science,  England  during 
the  early  part  of  the  century  appears  remarkably  unpro- 
ductive.    English   science   and  English  philosophy  had 
flourished  in  the  seventeenth  and  eighteenth  centuries, 
and  leavened  the  whole  of  European  thought,  but  in  the 
beginning  of  our  period  we  find  neither  represented  by 
any  great  schools.     The  great  discoveries  in  science  be- 
longed  to   individual  names,  who  frequently  stood  iso- 
lated ;  the  organisation  and  protection  which  science  could 
boast  of  in  France  was  then  unknown  in  England ;  into 
popular  thought  it  hardly  entered  as  an  element  at  all. 
Metaphysics    had  not  recovered  from   the   blow   which 
David  Hume  had  struck,  and  speculation  was  confined 
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almost  entirely  to  the  novel  field  of  social  and  economic 
problems.  But  against  this  there  was  a  young  growth 
of  ideas  springing  up  in  the  poetic  literature  of  the 
nation.  It  is  the  freshness  of  individual  thought  as 
clothed  in  the  poetic  language  of  Shelley  and  Words- 
worth, maturing  and  deepening  in  the  works  of  Tennyson 
and  Browning,  which  strikes  us  as  the  most  original  phase 
of  English  thought  in  this  century,  whether  we  compare 
it  with  Continental  thought  of  the  same  period,  or  with 
English  thought  of  the  previous  age. 

And  lastly,  we  might  be  tempted  to  make  the  great 
work  of  the  greatest  mind  of  the  early  part  of  our  period, 
Goethe's  '  Faust,'  the  centre  and  beginning  of  our  survey, 
singling  it  out  as  a  comprehensive  embodiment,  as  the 
classical  expression  of  nineteenth  -  century  doubts  and 
aspirations,  leading  us — if  we  try  to  understand  it — 
now  into  the  bewildering  labyrinth  of  philosophy,  now 
into  the  cheerful  expanse  of  natural  science,  and  again 
into  the  hidden  depths  of  individual  life,  of  religious 
faith  with  its  mysteries  of  sin  and  redemption. 

But  from  whatsoever  point  we  may  start  on  our  journey, 
from  whatsoever  easily  reached  eminence  we  may  cast  a 
first  eager  glance  across  the  wide  country  which  we  wish 
to  explore,  there  is  one  feature  which  impresses  itself 
alike  upon  our  minds  from  the  very  beginning.  It  is  not 
a  country  of  repose  and  restfulness,  of  healthy  industry 
and  quiet  work,  of  gradual  development,  of  ripening 
crops,  of  sowing  or  ingathering ;  it  does  not  present  the 
aspect  of  a  happy  division  of  labour,  of  successful  co- 
operation, of  peaceful  regulation  of  employment.  It  looks 
more  like  a  land  which  has   lately  been  disturbed  by 
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great  elemental  forces,  heaved  up  hy  an  earthquake  or 
visited  by  a  destructive  storm.     We  see  some  persons  em- 
ployed in  fining  up  great  breaches  and  recently  made  rents 
others  trying  to  lay  new  foundations ;  others  again  are 
fighting  for  their  possession  or  trying  to  divide  a  disputed 
territory;  even  the  peaceful  workers  are  called  out  to  help 
in  the  battle,  or  disturbed  by  the  complaints  of  their 
neighbours,  on  whose  ground   they  are  trespassing  un- 
awares, whose  foundations  they  are  unconsciously  under- 
mining.    If  we  inquire  into  the  cause  of  this  unrest  and 
anxiety,  which  seems  to  be  a  feature  common  to  nearly 
all  the  phases  of  nineteenth-century  thought,  we  must 
look  back  to  the  age  which  immediately  preceded  it.     It 
IS  the  storm  of  the  revolution  which  passed  over  Europe 
and  shook  to  the  foundation  all  political  and  social  in- 
stitutions, that  has  likewise  affected  our  ideas  and  thoughts 
in  every  direction.     The  period  we  refer  to  has  thus  not 
incorrectly  been  termed  a  century  of  revolution.     If  in 
spite  of  this  I  decline   to   consider  nineteenth -century 
thought  as   essentially  revolutionary,  it  is  because  the 
work    of    destruction    belongs  in  its  earlier  and   more 
drastic  episodes  to  the  preceding  age.     The   beginning 
of  our  period  witnesses  everywhere  the  desire  to  recon" 
struct,  either  by  laying  new  foundations  or  by  reverting 
to  older  forms   of    thought  and  life  which   it  tries  to 
support  by  new  arguments  or  to  enliven  by  a  fresh  in- 
terest and  meaning.     We  may  say  that  the  thought  of 
the  century  in  its  practical   bearings  is  partly  radical 
partly  reactionary,— meaning   by  the   former  all   those 
constructive  attempts  which  try  to  go   to   the  root  of 
thmgs  and  to  build  up  on  newly  prepared  ground  ■  by 
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the  latter  all  those  endeavours  which,  clinging  to  his- 
torical institutions  and  beliefs,  aim  at  finding  the  truth 
and  value  which  are  in  them,  and  the  peculiar  importance 
which  they  may  have  for  the  present  day.     The  work  of 
destruction  is  indeed  still  going  on ;  in  the  midst  of  this 
constructive  or  reconstructive  work  we  still  witness  the 
workings  of  the  revolutionary  spirit.     The  healthy  new 
life  which  Burns,  Wordsworth,  and  Coleridge  infused  into 
English  poetry  at  the  beginning  of  our  period  was  dis- 
turbed in  its  quiet  growth  by  the  revolutionary  spirit  of 
the  Byronic  school.     The  new  thought,  which  grew  up  in 
Kant's  philosophy  and  the  idealistic  school,  degenerated  in 
its  further  development  into  a  shallow  materialism  and 
a  hopeless  scepticism.     But  none  of  these  destructive  in- 
fluences, however  passingly  interesting   they  may  have 
been,  seem  to  have  struck  out  any  new  line  of  thought. 
Whoever  wishes  to  study  the  arguments  by  which  social 
order  was  subverted  and  cherished  beliefs  destroyed  will 
find  them  brilliantly  and  consistently  expounded  in  the 
writers   of    the  eighteenth    century,  from  which    many 
nihilists  of  our  age  have  drawn  their  inspiration.     This 
is  not  the  task  which  I  have  in  view.     It  has  been  per- 
formed in  our  time  by  many  writers  of  great  eminence. 
Nor  do  I  intend  to  describe  the  courses  which  governments 
and  politicians  have  taken  in  dealing  with  the  legitimate 
demands  of  the  people,  such  as  a  hundred  years  ago  found 
a  memorable  expression  in  the  American  Declaration  of 
Independence,  and  an  exaggerated  one  in  the  cry  of  the 
French  Kevolution.     Only  to  a  small  extent  has  the  ideal 
of  that  great  movement,  as  it  lives  in  the  mind  of  many 
a  democratic  leader,  been  realised  in  our  century.     In 
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most  European  countries  the  work  of  national  unification 
and  consolidation,  and  the  struggle  for  political  indepen- 
dence,  have  retarded  internal  reforms ;  nor  have  theorists 
been  able  to  agree  in  what  form  of  social  organisation 
hberty  and  equality  could  consistently  live  side  by  side 
Their  teaching  must  indeed  command  special  attention       33 
as  one  of  the  many  forms  of  the  philosophic  thought  of  f^/rS 
the  age;  but  a  wide  gap  separates  theory  from  practical  ^•'"'''' 
politics,  which  have  been  largely  occupied  with  wars  and 
diplomatic  feats,  or,  when  they  really  dealt  with  social  prob- 
lems, have  had  to  be  content  with  awkward  compromises 
between  prejudices  and  institutions  of  bygone  ages  on  the 
one  side,  and  legitimate  demands  for  freedom  on  the  other 
Though  much  practical  thought  and  much  labour  have 
been  spent  in  achieving  even  these  moderate  results,  I  feel 
that  they  really  fall  outside  of  my  programme.     Wherever 
either  science  or  philosophy  steps  out  of  the  quiet  regions 
of  the  study,  the  lecture-room,  and  the  laboratory    or 
wherever  religious  faith  leaves  the  secret  recesses  of  'the 
believing  soul  to  solve  the  problems  of  life  or  to  perform 
the  work  of  the  day,  the  line  is  crossed  which  I  have  felt 
obliged  to  draw  around  the  following  sketch.     Not  that  I 
do  not  recognise  this  borderland,  where  the  spirit  subdues 
matter,   where  thought  becomes  useful,  where  the  idea 
attains  reality,  this  field  of  strife  and  endeavour,  of  patient 
toil  and  slow  victory,  as  by  far  the  most  important  subject 
of  history,  and  as  that  in  which  our  age  has  probably 'ex- 
celled every  earlier  period.     But  an  account  of  this  side  of 
nmeteenth-century  life  could  ill  afford  to  limit  its  view  to 
the  three  principal  countries  of  the  Old  World.    For  where 
are  discovery  and  invention  at  this  moment  more  at  home 
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than  in  America;  where  have  political  theories,  the  original 
riahts  of  man,  the  ideas  of  liberty,  equality,  and  brother- 
hood been  more  widely  put  to  the  test ;  where  have  reh- 
gious  beliefs  entered  into  closer  contact  with  the  work  of 
the  day ;  or  where  in  our  age  has  the  simple  rule  of  early 
Christianity  been  more  successfully  put  into  practice  ? 
An  account  of  the  application  of  thought  taken  merely 
from  our  European  experience,  where  half  our  endeavour 
must   always   be  spent  in  clearing  away   obstacles,  in 
removing  the  debris  of  antiquated  institutions,  m  over- 
coming prejudice,  or  battling  with  evils  which  have  grown 
to  uncontroUable  magnitude,  would  give  us  but  a  poor 
notion  of  the  influence  of  thought  over  material  circum- 
stances, and  a  very  exaggerated  one  of  the  inertia  of  the 
mechanism  of  older  societies.     With  the  work  of  the  in- 
ventor the  practical  statesman,  or  the  lawgiver,  I  have  thus 
nothing  to  do  at  present ;  only  in  cases  where  practical 
problems  have  immediately  reacted  upon  scientific  research, 
or  where  social  questions  have  given  rise  to  special  theo- 
ries shall  we  be  compelled  to  cast  a  glance  outside  of  the 
inner  world  of  thought  into  which  I  invite  my  readers  to 

TPtjirG 

This  inner  world  has,  indeed,  not  been  all  rest  and  peace 
and  quiet  development.     No  age  has  been  so  rich  in  rival 
theories,  so  subversive  of  old  ideas,  so  destructive  of  prin- 
ciples which  stood  firm  for  many  ages',  as  ours.     It  is  not 
my  intention  to  emphasise  this  critical  or  radical  tendency 
more  than  is  necessary.    True  to  the  original  view  which  I 
have  already  expressed,  I  intend  to  look  upon  thought  as 
a  constructive,  not  a  destructive  agency ;  on  the  world  of 
ideas  as  a  positive  axjquisition,  not  as  a  mere  counterpart 
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or  shadow  of  material  existence.     Though  demanding  for 
its  growth  an  outer  stimulus,  and  unable  to  proceed  very 
far  without  external  correctives,  I  nevertheless  maintain 
that  the  human  mind  in  its  individual  and  collective  life 
encloses  an  independent  source  of  reality  which  contact 
with  outer  things  and  thought  in  all  its  various  forms 
has   to   reveal,  to  preserve,  and   to   develop.     To  what 
extent  this  has  been  done  in  our  century  is  the  question 
I  propose  to  answer.     With  this  object  in  view  I  shall 
try  to  gather  my  observations  and  my  narrative  around 
the  prominent  and  novel  constructive  ideas  which  have 
sprung  up  in  the  course  of   the  century,  not  omitting 
the  great  development  which  the  purely  formal  side  of 
thought,  the  method  of  research,  has  undergone.     Such 
constructive  ideas  are  those  of  energy,  its  conservation 
and  dissipation ;  the  doctrine  of  averages,  statistics,  and 
probabilities ;  Darwin's  and  Spencer's  ideas  of  evolution       36. 
in  science  and  philosophy ;  the  doctrines  of  individualism  speTJeA, 
and  personality,  and  Lotze's  peculiar  view  of  the  world  constroctlve 
of  "  values  "  or  "  worths."    Around  these  centres  of  thought 
cluster  the  many  critical  oppositions,  the  great  contro- 
versies of  radical  or  conservative  opponents.     As  regards 
these,  I  shall  welcome  all  radicalism  which  lays  bare  the       37.  * 
roots  of  our  ideas,  which  delves  deep  into  the  ground  Jo'^jL^di. 
of  our  opinions  and  principles,  or  which  points  out  new  '*^''°'' 
methods  by  which  we  may  test  the  correctness  and  con- 
sistency of  our  axioms.     As  such  I  consider  the  spirit 
infused  by  Kant  into  all  modern  thought.     That  other 
radicalism,  which  merely  roots  up,  which  destroys  with- 
out building,  which  fails  to  find  any  ground  of  certainty, 
simply  because  human  thought  and  observation  may  after 
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all  be  a  delusion,— this  kind  of  radicalism  I  shall  try  to 
pass    over    as   meaningless.      And  equally  meaningless 
appear  to    me    those    opposite    conservative    tendencies 
which  merely  annul  progress,  which  shut  out  the  day- 
light and  preach  the  doctrine  of  inertia.     But  this,  again 
will  not  prevent  me  from  recognising  the  real  gain  and 
interest  which  belong  to  some  reactionary  movements, 
such  as  lay  at  the  bottom  of  Eomanticism,  with  its  love 
of  the  past,  its  artistic  idealisation  of  the  childhood  of 
mankind,  of  aspects  of  life  in  their  infancy  and  primitive- 
ness,  with  its  study  of  meditevalism  and  its  more  sober 
historical  tastes.     I  shall  endeavour  always  to  ask  what 
addition  to  the  great  stock  of  human  ideas  has  resulted  ; 
what  gain  we  have  to  register ;  convinced  that  every- 
thing that  lives  must  grow,  increase,  and  multiply :  and 
what  can  be  more  living  than  Thought  ? 

But  although  the  school  of  Critical  Thought  in  Kant, 
and  the  Komantic  school  as  centred  in  Walter  Scott  and 
the  German  Romanticists,  are  in  time  almost  the  first 
intellectual  phases  of  the  century,  they  will  not  m  the 
beginning  command  my  special  attention.^ 

of  thought  m  the  fi'-%y«»"  ?*  ^''^eveXor  publications  which  mark 
r^TArlmtrU^t  s^gS  "^'^^ry  of  Lught.    Of  specifically 

f-lr^f  ^p^ra^rEx^^tion  du  Syst^me  du  Monde.'  . 
-   1799.  ^vol8.)-1825.     Laplace's  '  Mecan.que  celeste. 

1799.  Legeudre's  'Th^orie  des  Nombres.     ^ 
_   1801.  Gauss's 'DisquisitionesArithmeticaJ. 

1801.  Piazzi  discovers  and  .  i„__fo   "  r«rps  "  faeini; 

''-  ^St^d^r^:  trL\todrof%srtionfXht/e 

published  in  exUniO  in  , 

-IROO    fJauss's'Theoriamotuscorporumcoelestmm. 
i798'  C^TJs  .  Tableau  ^lementaired'Histoireuaturelle. 
I8O0I5.  Cuvier's  '  Lemons  d'Anatomie  compare. 


Though  somewhat  later  in  point  of  time  than  they,  the 
school  of  exact  research  seems  to  have  become  the  more 
generally  recognised  agent  in  nineteenth-century  progress. 

]-al'  J'»?>»'"«'^'«  '  Philosophie  zoologique.' 

~  '^"'    ^co"vS,  an7  '"'^'^^'^  '^^  ^"'  <"  "«  electrcchemical  dis- 
1802-3  Berzelius  publishes  his  own. 

-llll    Thom£*Y  " "    ^*"  ^y***"  °'  ^'>""^'=*'  Philosophy.' 

during     '"'^'*°''»'««  father  in  his  pajSrs,  and  fully  expounds 

-  Isns    t?1  *""°"'°g  yea,"  •»  his  lectures  to  the  Royal  Institution 
1808.  Ma^us^announces  his  discovery  of  the  polarisaLn  of  llghrSirough 

1802.  Chladni's'Akustik.' 

1799    H.^Davy  publishes  his  equally  important  'Essay  on  He^t,  Light. 

]lm'  l^^'u^^l^  ;Recherches  physiologiques/ 
l«01.  Bichats  'Anatomic  gendrale  ' 

1799-1804  Alexander  von  Humboldt  travels  in  America,  and  lays  by 
his  observations  the  foundation  of  the  science^  of  physical 
geography  and  meteorology.  pnjsicai 

mVi«n«'^-f^  ""^  ^}^  Pjfosopkical  movement  of  thought  the  years 
1793^806  witne^^  ,he  J^/exp^^^^^^^  and 

1 7Q^    Q.?  I    ^  D  .  .}  ®  ^^^^  ^"  *^®  writings  of 
llll    ^  K-  ^'■'    ill'^^^  ^^^  a^thetische  Erziehung.' 

VJl'  ^<^^®^^>ng.  'Naturphilosophie.' 

17QO   l^'u?".'"^'  'Transcendentalerldealismus.' 

linn    f^^^^^«r°^acher,  'Reden  iiber  die  Religion.' 

1800.  Schleiermacher,  'Monologen.' 

1  /  99.  Herder,  '  Metakritik. ' 

Jon^  i^"^^^'  *  Offener  Brief  an  Fichte.' 

1806.  Hegel,  '  Phtinomenologie  des  Geistes.' 

In  b  ranee — 

1804.  De^unde  ^Tracy's  <  Ideologic'  represents  the  reigning  philo- 

;'"'  "!i^t:a^s':;afni?r  ^"  ™*'^*"<'"' '  *■•*  >-«■•--«  »*  '•>« 

In  England— 

1792-1827.  Dugald  Stewart's  '  Elements  of  the  Human  Mind '  and  his 
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To  it  are  due  the  great  changes  in  every  department  of 
science,  of  life,  and  probably  also  of  literature  and  art, 
the  great  inventions  and  the  great  conflicts  of  our  age. 
Science  has  not  only  very  largely  influenced  our  ideas, 
it  has  also  by  its  applications  altered  the  external  face 
of  the  world  we  live  in.    It  is  therefore  simply  a  tribute 
to  the  popular  view,  and  a  desire  to  start  from  some 
striking  and  generally  conceded  position,  if  I  select  the 
scientific  movement  of   ideas  as  the  first  with  which 
I  have  to  deal.     How  has  it  spread  in  the  course  of 
the  century  ?     From  what  beginnings  and  through  what 
influences  ?    What  are  its  principles  and  methods  ?    How 
have  they  themselves  changed  and  developed  ?     What 
has  it  led  to  ?     These  are  some  of  the  questions  which 

1803    'Life  and  Writings  of  Thomas  Reid '  represent  the  predominant 

i^riod^eremv  Bentham's  influence,  which  cannot  be  reduced  to 

Set  n49«^X^s^  'Vaust;  i^^  world  .n 

successive  stages  between  the  years  1790  and  1832. 

1794.  Thomas  Paine's  '  Age  of  foason.        ^ 

il?i4 --^  rJSfor(^w^trd  .tended  its  influence  in 

'^11  lchm:r'::d"Grthe-s  -Xenien"  in  the  •  Musenalmanach.> 

1798.  Schlegel's  '  Athenicum.' 

1802.  A.\V.  V.  Schlegel's  Berlm  lectures  j^^g    ^^en 

The  R,ma«tic  school  of  fiction  ,<1»**;^ '°  ^^"^^^J'eharacter  stic  of 
Frederick  Schlegel  uses  the  tf^J"/.,**^*  *,"?*i^'^*eirter '(' Athenaeum,' 
a  new  departure  in  h.s  revew  of  ^f  **J„  J^^ ^  J^V  aims  and  charac 
vol.  i.)  A  literary  movement  "  t*;l'^«,'l"^°Xr Tco^^  ("  Lay  of  the  Ust 
*r1",'"  IsSXfhry  r  ThTaU?  ito™  Sleri^ge  C^Christabel," 

tpLffliic:  ■■  iT9r:nrb:ri?^-rothe?pri7cipai  wor^s  of 

Goethe  and  Schiller  (died  1805). 


I   shall   try   to  answer  as  concisely  as  possible.     This 
selection   does   not  commit  me   to   any   theory   on   the 
value    of    the   scientific   view   as    compared   with   other 
aspects.     Such  theories  will  have  to  be  dealt  with  in  a 
later  portion  of  the  work.     They  have  sprung  up  in  the 
course  of  the  last  hundred  years,  partly  as  the  inevitable 
outcome  of  scientific  progress  itself,  partly  in  the  educa- 
tional world,  where  a  reaction  has  set  in  against  the 
undue  importance  which  former  generations  attached  to 
classical  learning  and  training.     I  need  not  at  present 
do  more   than  note  these  opinions,  nor  need   I  define 
my  position  with  regard  to  Comte's  celebrated  positivist 
theory  on  the  advancing  stages  of  the  human  intellect. 
Curiosity  and  the  consensus  of  popular  opinion  suffice 
for  the  moment  to  make  me  take  up  the  scientific  side 
of  the  thought  of  the  age.    As  we  proceed,  other  directions 
and  movements  will  present  themselves,  and  the  inter- 
dependence of  all  human  interests  will  reveal  and  explain       40. 
what  truth  attaches  to  Hegel's  celebrated  doctrine  of  the  t?i?eonhe" 
inherent  dialectic  of  ideas,  the  spontaneous  development  d?veiop.^°"^ 

i!  J.1  1  i  nient  of 
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century. 


THE   SCIENTIFIC   SPIRIT   IN   FRANCE. 

It  will  be  generally  admitted  that  the  scientific  spirit  is        i 
a  prominent  feature  of  the  thought  of  our  century  as  ^S^ 
compared  with   gther   ages.     Some  may  indeed   be  in-  '"'"" 
clined  to  look  upon  science  as  the  main  characteristic 
of  this  age.     The  century  may  thus  be  called  with  some 
propriety  the  scientific  century,  as  the  last  was  called  the 
philosophical  century,  or  as  the  sixteenth  was  termed  the 
century  of  the  Eeformation  and  the  fifteenth  the  century 
of  the  Eenaissance.    It  is  therefore  natural  that  we  should 
begin  our  study  of  the  thought  of  the  age  with  an  ex- 
amination of  this  side  of  modern  culture. 

It  is  not  necessary  to  define  what  I  mean  by  science.^ 


The  use  of  the  word  science 
and  its  adjective  scienti6c  has 
varied  considerably  in  the  English 
f^nguage.  We  must  wait  for  Dr 
Murray's  great  work  to  give  us  a 
history  of  the  word.  I  venture  to 
assert  that  it  acquired  its  present 
definite  meaning  about  the  time  of 
the  formation  of  the  British  Asso- 
ciation for  the  Advancement  of 
Science  (1831).  The  two  other 
great   organisations   which   profes- 


sedly started  for  the  culture  of 
what  we  now  call  science  — viV, 
the  Royal  Society  for  the  Improve- 
ment of  Natural  Knowledge,  and 
the  Royal  Institution— did  not  use 
the  word  officially  in  their  charter 
or  title,  although  it  is  used  fre- 
quently in  the  documents  and  cor- 
respondence  connected  with  the 
foundation  of  the  younger,  and 
occasionally  in  those  referring  to 
the  older  Society.    The  Royal  So- 
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Schools  and  colleges  of  science,  triposes,  examinations, 
and  degrees  in  science,  have  established  a  popular  mean- 
ing which  did  not  exist  a  hundred  years  ago,  but  which 
is  now  well  understood.  For  my  purpose  it  is  of  some 
interest  to  note  that  the  meaning  of  the  word  in  French 
is  somewhat  different,  and  that  the  word  Wissenschaft} 


ciety,  and  sometimea  the  Royal 
Inatitution,  use  the  word  "philo- 
sophy" in  formal  and  official  state- 
ments of  their  object.  This  is  in 
accordance  with  older  English 
usage.  What  we  now  universally 
call  science  was  not  infrequently 
termed  in  the  seventeenth  century 
natural  knowledge,  and  Bacon  him- 
self translates  scientice  by  "know- 
ledge," by  "learning,"  and  some- 
times by  "sciences."  In  France, 
on  the  other  hand,  the  word  "  sci- 
ence" seems  to  have  acquired  its 
present  meaning  as  far  back  as  the 
middle  of  the  seventeenth  centurj^ 
At  the  time  of  the  foundation  of 
the  "Academic  des  Sciences,"  in 
1666,  the  word  was  used  almost  in 
the  same  sense  —  embracing  the 
same  separate  departments  of  know- 
ledge— as  the  word  "science"  is  now 
used  in  this  country  when  we  speak 
of  a  college  of  science.  In  France, 
so  far  as  I  am  aware,  a  cultivator 
of  science  has  never  been  called  a 
philosopher.  Science  and  philos- 
ophy have  there  never  been  synony- 
mous. But  science  in  France  has 
been  made  to  cover  a  larger  field 
of  knowledge  by  such  adjectives  as 
"moral,"  "social,"  "political,"  and 
has  been  narrowed  by  such  other 
adjectives  as  "exact"  and  "natural," 
in  the  same  way  as  the  word  philo- 
sophy has  been  more  strictly  defined 
in  the  English  language  by  the  ad- 
jectives "natural,"  "experimental," 
"moral,"  "mental,"  &c.  At  the 
head  of  the  sciences  in  France  stood 
"  mathematics,"  at  the  base  of  the 


new  philosophy  in  England  stood 
"experiment"  and  "observation." 
^  The  word  Wissentchaft  has  a 
much  wider  meaning  than  science 
in  the  modern  sense,  and  is  the 
literal  translation  of  the  Latin 
scientia.  It  means  knowledge  in 
a  systematic  form  and  connected 
by  some  method.  What  the  French 
call  scieixce,  the  Germans  call  exacte 
Wissen8chaft.  This  includes  mathe- 
matics and  NaturtDisscnschaft,  which 
covers  the  ground  covered  by  the 
word  "sciences"  in  English.  The 
word  Wissenschaft  plays  an  import- 
ant part  in  German  culture,  as  we 
shall  see  later  on.  The  modern 
term  "scientist"  is  about  synony- 
mous with  the  word  Naturforscker 
in  German.  The  word  savant  in 
French  has  no  synonym  in  English, 
but  is  iibout  equivalent  to  the  term 
Gelehrter  in  German ;  and  this, 
again,  is  partially  translated  by 
"scholar"  in  English.  I  suppose 
"man  of  science"  and  "scholar" 
together  would  be  about  covered  by 
either  savant  or  Gelehrter.  Those 
who  desire  to  study  the  older  and 
modem,  the  English  and  foreign, 
uses  of  the  word  science  and  other 
kindred  terms,  should  read  Bacon's 
English  writings  ;  Weld's  *  History 
of  the  Royal  Society '  (1848,  vol.  i.) ; 
Bence  Jones's  '  The  Royal  Institu- 
tion' (1871) ;  L^n  Aucoc's  'L'lnsti- 
tut  de  France'  (Paris,  1889) ;  Alfred 
Maury,  '  Les  Academies  d'autrefois' 
(vol.  i.,  Paris,  1864) ;  and  the  cor- 
respondence in  connection  with  the 
foundation  of  the  British  Associa- 


by  which  science  is  translated  into  German,  requires  a 
qualification  in  order  to  cover  approximately  the  same 
ground.     These  verbal  differences  point  to  differences  of        2. 
thought.     Only  since  Continental  ideas  and   influences  English  and 

-  .  1    .        1  Continental 

nave  gained  ground  m  this  country  has  the  word  science  °o*^^°«  ^^ 

•ItCIcI1C6« 

gradually  taken  the  place  of  that  which  used  to  be 
termed  natural  philosophy  or  simply  philosophy.  One 
reason  why  science  forms  such  a  prominent  feature  in 
the  culture  of  this  age  is  the  fact  that  only  within  the 
last  hundred  years  has  scientific  research  approached  the 
more  intricate  phenomena  and  the  more  hidden  forces 
and  conditions  which  make  up  and  govern  our  everyday 
Hfe.  The  great  inventions  of  the  sixteenth,  seventeenth, 
and  eighteenth  centuries  were  made  without  special 
scientific  knowledge,  and  frequently  by  persons  who 
possessed  skill  rather  than  learning.  They  greatly  in- 
fluenced science  and  promoted  knowledge,  but  they  were 
brought  about  more  by  accident  or  by  the  practical  re- 
quirements of  the  age  than  by  the  power- of  an  unusual 
insight  acquired  by  study.^     But  in  the  course  of  the  last 


tion  in  Dr  Whewell's  '  Writings  and 
Correspondence'  by  Todhunter  (2 
vols.,  London,  1876).  I  believe  the 
word  philosophy  has  lost  the  specific 
meaning  which  it  acquired  in  the 
Baconian  school,  as  much  through 
the  influence  of  French  science  on 
the  one  side  as  through  that  of 
metaphysics  on  the  other.  The 
latter  emanated  from  Scotland,  and 
from  Germany  through  Coleridge. 
It  reinstated  the  word  philosophy 
in  its  original  sense. 

^  Examples  are  plentiful.  Not  to 
speak  of  gunpowder  and  printing, 
which  came  earlier,  we  have  later 
nearly  all  the  great  improvements 


connected  with  the  manufacture  of 
textiles,  the  fly-shuttle,  the  self- 
acting  mule,  the  power- loom,  the 
spinning -roller,  invented  by  men 
of  little  or  no  scientific  education. 
The  same  is  the  case  with  the 
older  metallurgical  processes,  the 
refining  of  copper  and  the  intro- 
duction of  cast-iron.  Watt  was 
one  of  the  first  who  brought  a 
trained  intellect  to  his  mechan- 
ical work.  The  Royal  Society  was 
started  with  the  distinct  purpose 
of  cultivating  such  knowledge  as 
has  "a  tendency  to  use";  the 
Royal  Institution  still  more  so.  It 
is,   however,   still  doubtful,   view- 
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hundred  years  the  scientific  investigation  of  chemical  and 
electric  phenomena    has    taught    us    to    disentangle   the 
intricate  web  of  the  elementary  forces  of  nature,  to  lay 
bare  the  many  interwoven  threads,  to  break  up  the  equili- 
brium of  actual  existence,  and  to  bring  within  our  power 
and  under  our  control  forces  of  undreamed-of  magnitude. 
3.        The  great  inventions  of  former  ages  were  made  in  countries 
Seni^'ind   where  practical  life,  industry,  and  commerce  were  most 
li^e.  advanced ;  but  the  great  inventions  of  the  last  fifty  years 

in  chemistry  and  electricity  and  the  science  of  heat  have 
been  made  in  the  scientific  laboratory :  the  former  were 
stimulated  by  practical  wants  ;  the  latter  themselves  pro- 
duced new  practical  requirements,  and  created  new  spheres 
of  labour,  industry,  and  commerce.  Science  and  know- 
ledge have  in  the  course  of  this  century  overtaken  the 
march  of  practical  life  in  many  directions.^     A  confused 


ing    the    history    of    the    learned 
societie's  as  well  as  the  rare  cases  in 
which  highest  scientific  genius  is 
allied   with   practical   skill   in   the 
same  person,  whether  the  cultiva- 
tion of  research  for  its  own  sake 
should  not  preferably  be  kept  dis- 
tinct  from   its   hasty    application. 
This  is  the  view  held  by  many  great 
thinkers  abroad.     In  England  the 
opposite  view   has   frequently  im- 
peded the  progress  of  pure  science. 
^  A  few  examples   may   suffice. 
The  discovery  by  Oersted  and  Am- 
pere  of    Electromagnetism    (1819, 
1820)   led  at  once  to  the  idea  of 
electrical  telegraphy  :  the  first  tele- 
graph  over  considerable   distances 
was    constructed    by    Gauss    and 
Weber     (see     '  Wilhelm     Weber,' 
Breslau,    1893,    p.    26,    &c.)     Tlie 
artificial  preparation  of  an  organic 
substance  by  Wohler  in  1828  led  at 
once  to  many  attempts  at  prepar- 
ing expensive  organic  compounds — 


especially   medical    substances — by 
chemical  synthesis.      The   occupa- 
tion with  this  problem  under  A.  W. 
Hofmann's  instructions  led  Perkin 
in  1856  to  the  discovery  of  the  first 
anilin   colour   (Mauvein,   see  'Ber- 
ichte    der    deutschen    chemischen 
Gesellschaft,'    No.    17,    p.    3391). 
Leblanc's   discovery  how   to   make 
carbonate   of    soda  from   salt,   for 
which  a  prize  had  been  offered  by 
the  Paris  Academy  under  Napoleon, 
led  to  the  enormous  development 
of   the  sulphuric  acid  industry  in 
England    and    on    the    Continent. 
Liebig  foretold  in  1840  the  recovery 
of  sulphur  from  the  waste  of  chemi- 
cal  works  and   the  effect    on    the 
sulphur  mines  of  Sicily,  fifty  years 
before  this  process  was  satisfactorily 
carried   out   (see   Liebig's  familiar 
'  Letters  on  Chemistry,'  1st  ed.,  1843, 
pp.  22,  31,  &c.)     But  the  greatest 
of    all    industries   created    in    the 
laboratory    was   probably    that   of 


picture  of  this  latest  stage  of  culture  lived  in  the  pro-  4. 
phetic  but  essentially  unscientific  mind  of  Lord  Bacon.  LordTBa^coZ 
But  he  did  not  sufficiently  allow  for  the  amount  of  patient 
scientific  toil  that  was  needed,  nor  for  the  time  which  the 
preparation  of  the  instruments  of  research  would  require, 
nor  for  the  necessity  of  destroying  existing  superstition 
and  accumulated  errors.  All  that  has  since  been  done  by 
Newton  and  the  great  Continental  mathematicians  in  the 
former,  and  by  Bayle  and  Voltaire  in  the  latter  sense. 
Bacon  had  hoped  to  achieve  at  once  by  the  new  philo- 
sophy of  fruit  and  progress.  Such  expectations  were 
inevitably  doomed  to  disappointment,  though  posterity 
has  made  amends  by  all  but  universally  referring  to  him 
as  the  pioneer  of  modern  thought, — as  the  herald  of  a 
new  era  of  human  civilisation.-^ 


making    artificially   the   fertilising 
compounds    required    in    common 
agriculture  which  followed  on  the 
publication  of  Liebig's  famous  work 
on  'Chemistry  in   its   applications 
to  Agriculture  and  Physiology'  in 
1840      (see     Hofmann's     Faraday 
Lecture  of  1875,  'The  Lifework  of 
Liebig,'   p.    15,    &c.)     Liebig   also 
discovered   and   described  in  1832 
the   properties   of  chloroform  and 
chloral,  fifteen  years  before  Simpson 
introduced  the  first  as  an  anaesthetic 
and    twenty    years    before    Oscar 
Liebreich  discovered  the  physiolog- 
ical action  of  chloral  (ibid.,  p.  101, 
&c.)     Sir  Lowthian  Bell  calculated, 
many  years   before  the  invention 
of   the   so-called  basic   process    of 
making  steel,  the  fertilising  value 
of  the  phosphorus  which  was  con- 
tained in  the  ironstone  of  Cleve- 
land, and  which  then  made  it  use- 
less for  the  manufacture  of  high- 
class   iron   and  steel.      The   great 
revolution   in   the   theory  of   the 


steam-engine  embodied  in  the  work 
of  Macquorn  Rankine  is  to  be  traced 
back  to  the  patient  measurements 
by  Joule  of  the  mechanical  equiva- 
lent of  heat. 

^  A  great  controversy  arose  on 
this  subject  through  the  publica- 
tion of  Liebig's  pamphlet  in  1862, 
entitled,  '  Francis  Bacon  von  Veru- 
1am  und  die  Methode  der  Natur- 
forschung.'  It  was  directed  mostly 
against  the  exaggerated  view  taken 
by  Macaulay  in  his  celebrated  essay. 
The  fact  is  that  Bacon,  like  Vol- 
taire after  him,  was  much  more 
of  an  essayist  and  a  man  of  the 
world  than  a  patient  labourer  in 
any  special  field  of  research ;  he 
was  more  of  a  philosopher  in  a 
worldly  sense  (what  the  Germans 
call  "  ein  Weltweiser ")  than  a  pro- 
found thinker.  He  misunderstood 
many  of  the  great  discoveries  of  his 
age,  though  he  prophetically  fore- 
saw the  great  change  in  the  spirit 
of  inquiry.     He  did  not  appreciate 
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5. 
Defect  in 
Bacon's 
philosophy. 


I 


Our  age  has  in  many  ways  inherited  the  spirit  of 
Bacon's  philosophy ;  but  it  would  be  a  mistake  to  attri- 
bute its  great  scientific  achievements  to  the  exclusive 
working  of  this  spirit.  Bacon  was  neither  a  retired  and 
patient  nor  an  accurate  thinker — the  desire  to  apply  and 
make  his  learning  useful  led  him  away  from  the  "  sapien- 
tum  templa  serena  "  into  the  forum  of  life :  in  his  own 
experience,  as  well  as  in  his  writings,  he  anticipated  many 
of  the  dangers  which  beset  modern  culture — the  love  of 
premature  application,  and  the  haste  for  practical  results 
and  achievements.  Science,  which  in  the  hands  of  patient 
and  diligent  observers  ^  had  just  been  rescued  from  the 
sway  of  empty  metaphysical  and  theological  reasoning. 


the  enormous  part  which  mathe- 
matics would  play  in  the  develop- 
ment of  science.  In  this  respect 
Descartes  was  a  genius  of  much 
greater  originality — his  actual  con- 
tributions to  scientific  progress,  as 
well  as  those  of  Pascal,  being  far 
beyond  those  of  Bacon ;  but  they 
both  retained  the  metaphysical 
habit  of  thought  which  has  char- 
acterised many,  if  not  all,  among 
the  greatest  mathematicians.  In 
modern  culture  the  popularisation 
of  novel  views  and  ideas  has  become 
so  important  a  factor  that  writers 
like  Bacon  and  Voltaire,  who  com- 
bine the  scientific  and  literary  taste, 
are  of  the  greatest  importance  in 
the  diflFusion  of  new  ideas,  though 
none  of  their  works  need  be  looked 
upon  as  great  repositories  of  re- 
search and  knowledge.  Before  Lie- 
big  wrote  his  pamphlet,  a  very  im- 
partial and  temperate  estimate  of 
Bacon's  philosophy  and  its  relations 
to  actual  science  was  published  by 
Robert  Leslie  Ellis  in  his  introduc- 
tion to  the  philosophical  works  of 
Lord   Bacon   (London,   1857).      As 


the  literature  of  the  subject  is  so 
large,  I  cannot  but  recommend  this 
essay  as  containing  one  of  the  best 
discussions  of  it. 

^  A  very  good  and  concise  account 
of  the  achievements  of  these  con- 
temporaries and  forerunners  of  Ba- 
con—of Tycho  (1546-1601),  Kepler 
(1571-1630),  Galileo  (1564-1642), 
Gilbert  (1540-1603),  Harriot  (1560- 
1621),  Napier  (1550-1617),  Harvey 
(1578-1656)  — is  given  by  John 
Nichol  in  the  second  volume  of  his 
'  Francis  Bacon,  his  Life  and  Philo- 
sophy' (Edinb.,  1889),  pp.-86,  254. 
In  the  same  volume  (p.  193)  there 
is  also  a  useful  summary  of  Bacon's 
real  claims  to  a  place  among  physi- 
cists, of  his  ignorances  (p.  196),  and 
of  the  reception  which  his  works 
met  with  in  England  and  abroad 
(p.  233  to  end).  Not  quite  feo  read- 
able, but  more  complete,  isT'  the 
little  volume  of  Hans  Heussler, 
*  F.  Bacon  und  seine  geschichtliche 
Stellung'  (Breslau,  1889),  with  its 
flood  of  references — which  exhaust 
the  subject.  See  especially  p.  160, 
&c. ,  on  Bacon's  anticipations. 


was  in  danger  of  falling  a  prey  to  hasty  generalisation 
for  the  purpose   of  practical  ends.     Practical  demands 
threatened  then,  as  they  frequently  still  do,  to  stifle  or 
to  force  into  premature  growth  the  patient  thought  which 
had  just  begun  to  germinate  in  the  new  light  and  freedom 
of  reason.     The  narrow  view  had  indeed  been  widened, 
and  the  breadth  of  the  land  had  been  surveyed,  but  there' 
was  little  inclination  to  deepen  the  view,  or  to  do  more 
than  search  on  the  surface.    (The  spirit  of  Bacon's  philo- 
sophy required  a  corrective.    For  a  long  time  to  come  the 
hope  of  practical  application  had  to  be  postponed ;  the 
thmker  and  student  had  to  retire  into  solitude,  and  there 
to  lay  the  more  permanent  foundations  of  the  new  re-        e 
search.     This  was  done  by  Newton  for  all  time.     His  S"^^. 
reputation  spread  more  slowly  than  that  of  the  great 
High   Chancellor;   but  it  rests  on  a  surer  foundation, 
which  baffles  every  attempt  to  shake  it,  and  will  outlast 
all  coming  changes  of  thought.") 

The  beginnings  of  modem  scientific  thought  are  thus  to 
be  found  in  this  country.  Lord  Bacon  foretold  propheti- 
cally the  great  change  which  the  new  philosophy  was 
destined  to  work.  Newton  more  patiently  drew  up  the 
first  simple  rules  and  gave  the  first  brilliant  application. 
More  than  the  unfinished  and  wearisome  pages  of  Bacon's 
'Novum  Organum'  does  the  'Principia'  deserve  to  be 
placed  on  a  line  with  Aristotle  and  Euclid  as  a  model 
work  of  scientific  inquiry. 

Por  a  real  recognition  of  the  greatness  of  Newton,  as  well       7 
as  for  a  partial  realisation  of  Bacon's  plans,  we  are,  however  nIX'^'s"" 
mainly  indebted  to  the  French  philosophers  of  the  second  £C 
half  of  the  eighteenth  century.     Bacon's  plan  of  promoting  ««'p^«^'"'" 
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8. 
Bacon  and 
Newton 
compared. 


knowledge  and  research  by  the  co-operation  of  many  was 
more  thoroughly  realised  in  the  old  French  Academy 
than  in  the  Koyal  Society  of  London :  his  desire  to  unite 
all  knowledge  in  a  collective  work  underlies  the  great 
productions  of  Bayle,  and  still  more  those  of  the  Ency- 
clopaedists. The  many  problems  contained  in  Newton's 
*Principia'  were  first  treated  singly  by  Clairault  and 
Maupertuis;  a  general  knowledge  of  his  view  of  the 
universe  was  introduced  into  popular  literature  by  Vol- 
taire,^ who  made  use  of  it  as  a  powerful  weapon  wherewith 
to  combat  error  and  superstition,  or,  as  he  termed  it,  "  pour 
^eraser  I'infame";  but  for  a  full  announcement  of  its 
scientific  value  and  its  hidden  resources  we  are  indebted 
to  Laplace,  whose  *  M^canique  celeste'  was  the  first 
comprehensive  elaboration  of  Newton's  ideas,  and  whose 
*Systeme  du  Monde'  became  the  scientific  gospel  of  a 
whole  generation  of  Continental  thinkers. 

We  may  look  upon  Lord  Bacon  as  one  who  inspects  a 
large  and  newly  discovered  land,^  laying  plans  for  the 


1  I  believe  Voltaire  was  the  author 
of  the  term  Neictonianisme.  The 
modesty  and  truly  scientific  spirit 
of  Newton  would  not  have  allowed 
him  to  apply  such  a  term  to  his 
work,  and  it  is  doubtful  whether 
Voltaire  did  not  extract  from 
Newton's  '  Philosophia  Naturalis '  a 
general  philosophy  which  was  not 
conceived  in  his  spirit. 

2  Cowley  in  his  Ode  to  the  Royal 
Society : — 

•'Baconatlast,  a  mighty  man,  arose,  .  .  . 
And  boldly  undertook  the  injur'd  pupil's 
cause. 

...  led  us  forth  at  last, 
The  barren  wilderness  he  past ; 

Did  on  the  very  border  stand 

Of  the  blest  promis'd  land ; 
And,  from  the  mountain's  top  of  his  ex- 
alted wit, 

Saw  it  himself,  and  shew'd  us  it." 


On  this  Mr  Ellis  remarks  (Bacon's 
Works,  vol.  i.  p.  63) :  "  Bacon  has 
been  likened  to  the  prophet  who, 
from  Mount  Pisgah,  surveyed  the 
Promised  Land,  but  left  it  for  others 
to  take  possession  of.  Of  this  happy 
image,  perhaps  part  of  the  felicity 
was  not  perceived  by  its  author. 
For  though  Pisgah  was  a  place  of 
large  prospect,  yet  still  the  Prom- 
ised Land  was  a  land  of  definite 
extent  and  known  boundaries,  and, 
moreover,  it  was  certain  that  after 
no  long  time  the  chosen  people 
would  be  in  possession  of  it  all. 
And  this  agrees  with  what  Bacon 
promised  to  himself  and  to  man- 
kind from  the  instauration  of  the 
sciences.  ...  In  this  respect,  as  in 
others,  the  hopes  of  Francis  Bacon 


development  of  its  resources  and  the  gathering  of  its 
riches.     But  the  wealth  lies  deep  down,  and  is  only  indi- 
cated by  the  first  labours  of  the  early  pioneers.     Newton, 
following  these,  unites  their  beginnings  into  a  systematic' 
exploration,  and  sinks  the  main  shaft  which  reaches  the 
lode  of  rich  ore.     He  opens  out  the  wealth  of  the  mine 
and  marks  out  the  work  for  his  followers.     But  many 
difficulties  had  to  be  overcome,  much  united  effort  and 
a  vast  organisation  of  labour  were  required,  in  order  to 
develop  to  the  full  Newton's  scheme,  and  to  raise  the 
great  treasure  which  he  had  reached.     This  was  not  done 
until  the  end  of  the  last  century,  when  Laplace  collected,        9 
arranged,  and  condensed  the  work  of  French  and  English  ^o?^''' 
mathematicians  and  observers  into  a  picture  of  the  uni- 
verse.    A  variety  of  circumstances  had  combined  to  make 
the  French  capital  the  place  above  all  others  where  the 
means  and  materials  for  the  development  of  the  great 
work  could  be  most  easily  procured.     Let  us  glance  for 
a  moment  at  the  different  factors  in  operation  during 
the  eighteenth  century  which  contributed  to  the  great 
achievement. 

Whilst  Newton  was  labouring  privately  and  almost 
unassisted  1  at  the  greatest  scientific  work  produced  in 


were  not  destined  to  be  fulfilled. 
It  is  neither  to  the  technical  part 
of  his  method,  nor  to  the  details  of 
his  view  of  the  nature  and  progress 
of  science,  that  his  great  fame  is 
justly  owing.  His  merits  are  of 
another  kind.  They  belong  to  the 
spirit  rather  than  to  the  positive 
precepts  of  his  philosophy." 

^  It  has  been  stated  that  New- 
ton, not  knowing  of  Norwood's  ap- 
proximately correct  determination 
VOL.  L 


of  the  length  of  a  degree  in  1635 
(published  in  his  'Seaman's  Prac- 
tice'  in  1637),  but  relying  on  the 
old  figure  of  sixty  miles  for  a  de- 
gree  of  latitude  (confirmed  by  Ed. 
Wright,  Cambridge,  1610),  was  led 
away  from   the  right  supposition, 
which  he  entertained  as  far  back  as 
1665,  regarding  the  moon's  orbit, 
and  had  to  wait  for  Picard's  figures 
(ascertained  about  1669,  published 
in  France  about  1672,  and  in  the 
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modern  times  by  any  single  mind,^  the  penetrating  and 
far-seeing  genius  of  Colbert  had  already  recognised  the 
important  part  which  science  would  one  day  play  in 
the  government  of  the  world,  and  had  secured  the  ap- 
proval of  his  royal  master  to  the  constitution  of  an  Aca- 


Philos.  Transactions  in  1675),  by 
applying  which  he  determined  that 
"  the  moon  appeared  to  be  kept  in 
her  orbit  purely  by  the  power  of 
gravity."  See  Brewster's  'Life  of 
Newton,'  vol.  i.  p.  290,  &c.;  Tod- 
hunter's  '  History  of  the  Theories  of 
Attraction,'  vol.  i.  p.  38,  &c.  This 
account  is,  however,  now  discredited 
(see  infra^  chap,  iv.)  For  the  part 
which  Dr  Hooke  and  Halley  took  in 
the  discovery  of  the  "reciprocal 
duplicate  "  ratio,  see  also  Brewster, 
loc.  cit.,  vol.  i.  p.  291,  &c.  During 
the  writing  of  the*Principia'  New- 
ton  carried  on  a  useful  correspond- 
ence with  Flamsteed,  who  was  then 
Astronomer-Royal.  How  this  happy 
co-operation  ceased  ten  years  later 
can  be  read  at  length  in  Brewster 
{loc.  cit.y\o\.  i.  p.  312 ;  vol.  ii.  p.  164, 
&c.)  The  greatest  material  assist- 
ance which  Newton  received  was 
from  Halley,  who  defrayed  the  ex- 
penses of  publishing  the  *  Principia,' 
after  the  Royal  Society,  to  which  it 
was  dedicated,  had  reversed  its  resol- 
ution to  defray  them  (Brewster,  vol. 
i.  p.  305,  &c.)  Nevertheless  Weld,  in 
his  'History  of  the  Royal  Society,' 
says  :  "  Fortunate  indeed  was  it  for 
science  that  such  a  body  as  the  Royal 
Society  existed,  to  whom  Newton 
could  make  his  scientific  communi- 
cations ;  otherwise  it  is  very  possible 
that  the  '  Principia '  would  never 
have  seen  the  light."  Though  one 
must  lament  the  diflferences  be- 
tween Flamsteed  and  Newton,  which 
prevented  the  latter  from  bring- 
ing his  investigations  of  the  lunar 
and  planetary  theories  to  a  close 
(Brewster,  vol.  i.  p.  312),  a  word  of 


deep  gratitude  is  due  to  Flamsteed's 
own  exertions  in  the  cause  of  astro- 
nomy. After  Charles  II.  had  built 
the  Observatory  in  order  to  have 
the  places  of  the  fixed  stars  ' '  anew 
observed,  examined,  and  corrected 
for  the  use  of  his  seamen  "  (Flam- 
steed, History  of  his  own  Life),  and 
after  he  had  appointed  Flamsteed 
Astronomer -Royal  at  a  salary  of 
£100  per  annum,  the  Observatory, 
"  hurriedly  established,  was  left  for 
a  period  of  nearly  fifteen  years 
without  a  single  instrument  being 
furnished  by  the  Government" 
(Weld,  vol.  i.  p.  255).  The  instru- 
ments were  mostly  supplied  by 
Flamsteed  himself  or  lent  by  others, 
and  besides,  "  the  king  had  ordered 
that  Flamsteed  should  instruct 
monthly  two  boys  from  Christ 
Church  Hospital,  which  was  a  great 
annoyance  to  him,  and  interfered 
with  his  proper  avocations  "  (Baily, 
•  Account  of  the  Rev.  J.  Flamsteed'). 
"Any  other  man  would  probably 
have  succumbed  under  the  amount 
of  drudgery  appertaining  to  the 
office  (earning  his  salary  by  labour 
Jiarder  than  thrashing),  if  indeed, 
in  the  absence  of  encouragement, 
he  would  have  continued  in  it  at 
all,  and  particularly  when  the  re- 
ward was  so  insignificant"  (W^eld, 
vol.  i.  p.  256). 

^  "And  it  may  be  justly  said, 
that  so  many  and  so  valuable  Philo- 
sopliical  Truths,  as  are  herein  dis- 
covered and  put  past  dispute,  were 
never  yet  owing  to  the  Capacity 
and  Industry  of  any  one  Man " 
(Words  of  Halley,  Philos.  Transac- 
tions, vol.  xvi.,  1687). 
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demy,  which  was  based  upon  the  endowment  of  research 
and  which  prompted  the  co-operation  of  its  members  in 
organised '  scientific  work.     Whilst  the  Eoyal  Society  of 
London  only  received  a  charter,  and  existed  by  the  en- 
trance  payments  and  contributions  of  its  own  members 
augmented  by  private  donations,  the  Paris  Academy  had'       lo 
as  far  back  as  1671,  received  the  funds  with  which  t J  IS^dty 
commence  its  labours  in  connection  with  the  survey  of  ''"'""'''* 
the  kingdom  and  its  extensive  dependencies.    It  was  these 
labours  which  led  to  the  measurements  of  the  length  of 
the  seconds  pendulum,  and  of  the  variation  of  gravity  in 
different  latitudes ;  to  the  explanation  of  this  variation 
by  Huygens ;  to  the  controversy  regarding  the  figure  of 
the  earth ;  to  the  direct  measurements  of  the  arcs  of  the 
meridian  in  Peru  and  Lapland ;  and,  finally,  to  Clairault's 
celebrated  work  on  this  subject.^     It  was  almost  exclu- 
sively by  these  observations  that  the  data  were  found 
with  which  to  substantiate  Newton's  mathematical  reason- 
ings :  in  his  own  country  that  fruitful  co-operation  which 


"  Le  roi  assurait  I'existence  des 
Acaddmiciens  par  des  pensions  et 
mettait  lib^ralement  h  leur  disposi- 
tion  un  fonds  destine  h  pourvoir  aux 
frais  de  leurs  experiences  et  de  leurs 
mstruments  "  (Maury,  *  Les  Acade- 
mies d'autrefois,'  vol.  i.  p.  13).     Or- 
ganisation and  co-operation  are  diffi- 
cult to  obtain  in  societies  founded 
on  private  and  voluntary  contribu- 
tions.   In  England  they  scarcely  ex- 
isted before  the  foundation  of  the 
British   Association,   with   perhaps 
one   illustrious    exception    pointed 
out  by  Struve  ('Description  de  I'Ob- 
servatoire  de  Pulkowa,'  4to,  P^ters- 
bourg,  p.  5) :  "  H  y  »,  dans  I'histoire 
de  1  observatoire  de  Greenwich,  un 
point  tr^s  remarquable,  savoir  que 


les    astronomes   ont    travaille    sur 
un  meme  plan,  depuis  I'origine  de 
I'etablissement     jusqu'k     I'epoque 
actuelle."      Organisation    and    co- 
operation  were   the    order  in   the 
Paris  Academy  from  the  beginning. 
"  On  y  travaillait  de  concert " ;  and, 
"D^s  les  premiers  mois  de  1667,' 
Perrault  proposa  un  plan  de  travail 
pour  la  physique,  c'est  h  dire  pour 
1  ensemble  de  I'histoire  naturelle  " 
(Maury,  loc.  cit.,  p.  15). 

^  A  full  account  of  these  is  given 
in  Todbunter  ('Hist,  of  Theories  of 
Attraction,  &c.,'  vol.  i.)  Clairault's 
book  was  published  in  1743,  and  had 
the  title,  '  Thdorie  de  la  Figure  de 
la  Terre,  tir^e  des  Principes  de 
I'Hydrostatique,  par  Clairault.' 
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Continental 
methods  in 
mathe> 
matics. 


can  only  be  secured  by  an  academic  organisation  and  by 
endowment  of  research  was  wanting.     No  one  since  the 
time  of  Bacon  had  been  more  impressed  with  this  neces- 
sary condition  of  modern  progress  than  Newton's  great 
rival,  Leibniz,^  much  of  whose  time  was  spent  in  pro- 
moting academies  all  over  Europe — in  Berlin,  St  Peters- 
burg, Dresden,  and  Vienna — and  who  had  himself  been 
early  attracted   to   Paris  and   London  by  the  scientific 
fame  of  their  learned  societies,  though  he  significantly 
pointed  out  the  want  of  activity  and  efficiency  in  the 
early  history  of  the  Eoyal  Society. 
^  There   was,  moreover,  another  and   independent  line 
of    scientific    thought    which    had    centred    in    France, 
the   development  of  which  came  greatly  to  the  aid  of 
the  students  of  Newton's  work.     This  was  the  purely 
mathematical    elaboration    of    the    various    infinitesimal 
methods  of  the  French  and  English  mathematicians,  by 
which   they  were  all   brought   together,  simplified,  and 
united  into  a  calculus  with  strict  rules,  a  practical  nota- 
tion, and  an  easy  algorithm.     Newton  himself  had  for  the 
purposes  of  his  great  work  invented  a  new  and  powerful 


1  A  collection  of  Leibniz's  writ- 
ings on  this  subject  will  be  found 
in  the  7th  volume  of  M.  Foucher  de 
Careil's  edition  of  Leibniz's  Works, 
Paris,  1875.  Of  the  projects  of 
Leibniz,  only  the  Academy  of  Berlin 
came  into  existence  during  his  life- 
time (1700  and  1701);  the  others 
were  discussed  at  great  length  with 
the  Elector  of  Saxony,  with  the  Em- 
peror, and  with  Peter  the  Great. 
The  Academy  of  St  Petersburg  was 
founded  in  1724,  eight  years  after 
the  death  of  Leibniz.  The  Academy 
of  Vienna  did  not  come  into  life  till 


1846,  and  in  the  same  year  that  of 
Saxony  was  founded,  which  has  its 
seat  at  Leipsic.  Leibniz  had  the 
largest  views  on  academic  life  and 
work  :  they  were  to  embrace  the 
historical  and  philosophical  studies 
as  well  as  the  purely  scientific,  and 
were  to  stand  in  relation  with  the 
higher  and  lower  educational  in- 
stitutions. His  ideas  are  beet 
realised  at  Berlin.  See  Jacob 
Grimm's  interesting  discourse,  en- 
titled '  Ueber  Schule  Universitat 
Akademie'  (Kleine  Schriften,  vol. 
i.  p.  211,  &c.) 
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instrument,  afterwards  called  "  the  method  of  fluxions  " ; 
but  he  had  not  made  it  generally  known  before  the' 
invention  of  Leibniz  was  published.^  This,  though  much 
later  in  time,  had  been  perfected  and  applied  by  his 
friends  and  followers  in  a  most  extensive  manner,  and 
had,  in  fact,  become  the  recognised  mathematical '  lan- 
guage of  the  Continent.  No  learned  body  did  more  than 
the  Paris  Academicians  to  perfect  (with  purely  scientific 


^  Leibniz  seems  to  have  been  in 
possession  of  his  method  as  early 
as  1675,  and  communicated  it  to 
Collins  in  1677.     It  was,  however, 
not  published  before  1684  in  the 
'Acta  Eruditorum,'  and  then  prob- 
ably only  on  account  of  some  writ- 
ings of  Tschirnhausen  trenching  on 
the  same  subject.     Newton  seems 
to  have  been  in  possession  of  his 
methods  as  early  as  1665,  fully  ten 
years  before  Leibniz  made  use  of 
his.     Immediately  after  the  publi- 
cation of  Leibniz's  paper  in  1684, 
the  differential  calculus  was  taken 
up  by  the  Continental   mathema- 
ticians,  especially   by   James   Ber- 
noulli (1654-1705)  and   John  Ber- 
noulli  (1667-1748),   and   the   Mar- 
quis  de   I'Hopital,   who   published 
the  first  treatise  on  the  new  calculus 
in  1696.     Newton  did  not  publish 
any  account  of  his  method,  though 
he  must  have  used  it  extensively  in 
arriving  at   the   results   contained 
in  the  'Principia.'     Different  views 
have  been  expressed  on  the  reasons 
which  induced  Newton  to  withhold 
from  publication  his  new  methods, 
and  the  question  to  what  extent 
Leibniz  owed  the  first  suggestions 
of  his  method  to  Newton  remains 
also  undecided.      Those  who  take 
an  interest  in  the  personal  question 
should  refer  to  the  original  docu- 
ments, the  *  Commercium  Epistoli- 
cum,' published  by  the  Royal  Society 
in  1715  ;  the  pamphlet  of  Gerhard t. 


Die  Erfindung  der  Differential- 
rechnung'  (Halle,  1848).  An  ex- 
treme view,  unfavourable  to  Leib- 
niz's originality,  is  taken  by  Sloman, 

Leibnitzens     Anspruch    auf     die 
Erfindung     der     Differentialrech- 
nung'  (Leipzig,  1857);  but  it  has 
not  been  generally  adopted  by  those 
who  have  examined  into  the  subject. 
As  to  the  superiority  of  the  Conti- 
nental notation  for  practical  pur- 
poses,   this   seems    to    have    been 
generally  admitted  at  the  beginning 
of  this  century,  when  it  was  intro- 
duced into  English  mathematical 
works.      In  the  school   of  W.   R. 
Hamilton  of  Dublin  the   notation 
used  by  Newton  acquired  a  peculiar 
importance,  and  it  is  still  occasion- 
ally used  in  some  important  works 
like  Tait  and   Steele's   'Dynamics 
of  a   Particle,'  and  Thomson  and 
Tait's  'Natural  Philosophy.'     See 
on  this  Tait's  article  on  Hamilton  in 
the  'North  British  Review '  (Sept. 
1866).       The    importance    of    the 
labours  of  the  Continental  school, 
headed  by  Leibniz,  for  the  diffusion 
of  the  new   methods,   is  well  de- 
scribed by  Remont  de  Montmort  in 
a  letter  to  Brook  Taylor,  dated  18  th 
December  1718,  and  given  in  the 
appendix    to    Brewster's    *Life   of 
Newton '  (vol.  ii.  p.  511,  &c.)    Those 
who  take  more  interest  in  the  fate 
of  ideas  and  the  progress  of  thought 
than  in  personal   matters  will  do 
well  to  read  this  letter. 


^ 
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12. 

Modem 

anal3rtical 

methods. 


interest)  this  new  calculus,  which  in  the  course  of  the 
eighteenth  century  had  in  the  hands  of  Lagrange  been 
adapted  to  all  the  purposes  and  problems  contained  or 
suggested  in  Newton's  *  Principia/ 

This  leads  me  to  a  third  and  yet  more  important  element 
of  scientific  thought,  which  was  peculiar  to  the  Continental, 
and  especially  to  the  French  mathematicians,  counting 
among  them  Leibniz,  who,  though  a  German,  was  wholly 
trained  in  the  French  school.  This  factor  is  the  estab- 
lishment of  pure  mathematics  on  an  independent  founda- 
tion, and  the  cultivation  of  research  into  the  abstract 
relations  of  quantity,  without  reference  either  to  geomet- 
rical or  mechanical  problems  and  applications.  It  is 
the  modern  analytical  spirit  introduced  by  the  great 
French  algebraists  of  the  seventeenth  century,  which 
looks  upon  geometry,  mechanics,  and  astronomy  merely 
as  "questions  d'analyse,"  and  makes  their  solutions  de- 
pend upon  the  perfecting  of  an  abstract  calculus  rather 
than  on  the  study  of  these  individual  problems  them- 
selves. Opposed  to  this  spirit  of  analysis,  which  in 
general  seeks  the  solution  of  any  given  question  by 
looking  upon  it  as  a  special  case  of  a  wider  and  more 
abstract  problem,  is  the  method  known  to  the  ancients, 
which  never  loses  sight  of  the  actual  application,  be  it  a 
figure  in  geometry  or  a  special  arrangement  of  physical 
forces,  and  is  more  interested  in  the  peculiarities  of  the 
individual  case  than  in  the  abstract  formula  of  which  it 
may  be  considered  an  application.  This  opposite  view 
regards  the  calculus  and  mathematics  in  general  merely 
as  an  instrument,  the  value  of  which  lies  solely  in  its 
application   to  real  physical   problems.      It  is   usually 


termed  the  synthetical  method,  and  has  in  modem  times  -      is. 
survived  principally  in  England,  where  inductive  reason-  SetTcaT" 
ing,  based  upon  observation  of  detail,  has  since  the  age  "''"'"''^ 
of  Lord  Bacon  been  most  successfully  cultivated.^     These 
different  ways  of  approaching  the  same  subject  will  fre- 
quently engage  my  attention  in  the  course  of  this  survey : 
the  greatest  mathematicians  of  modern  times  have  recog- 
nised the  importance  of  both  aspects,  and  the  enormous 
progress  of  the  science  itself  has  depended,  no  doubt,  on  an 
alternating  employment  of  them.     Leibniz  clearly  foresaw 
this  when,  in  his  correspondence  with  Huygens  and  others,  • 
he  urged  the  necessity  of  not  abandoning  the  purely  geo- 
metrical view,  or  entirely  sacrificing  the  older  for  the 
modern  methods.^     There  can,  however,  be  no  doubt  that 


^  See  on  this  point  the  opinion  of 
an  authority,  Hermann  Hankel,  in 
his  highly  interesting  and  sugges- 
tive lecture,  '  Die  Entwickelung  der 
Mathematik  in  den  letzten  jahr- 
hunderten'   (Tiibingen,    1869,    re- 
published by  P.  du  Bois-Reymond, 
1884).     Speaking    of    the    age    of 
Leibniz  he  says  :  "Though  on  the 
Continent  mathematicians  were  not 
80  conservative  as  in  England,  where 
a  purely  geometrical  exposition  was 
considered  to  be  the  only  one  worthy 
of  mathematics,  yet  the  whole  spirit 
of  that  age  was  directed  to  the  sol- 
ution  of   problems   in   geometrical 
clothing,  and  the  result  of  the  cal- 
culus had  mostly  to  be  retranslated 
into  geometrical  forms.    It  is  the  in- 
estimable merit  of  the  great  mathe- 
matician of  Basel,  Leonhard  Euler, 
to  have  freed  the  analytical  calculus 
from   all  geometrical   fetters,   and 
thus   to   have  established  analysis 
as  an  independent  science.     Analy- 
sis places  at  its  entrance  the  con- 
ception of  a  function,  in  order  to 
express  the  mutual  dependence  of 


two  variable  quantities.  .  .  .  The 
abstract  theory  of  functions  is  the 
higher  analysis.  .  .  .  The  concep- 
tion of  a  function  has  been  slowly 
and  hesitatingly  evolved  out  of  spe- 
cial and  subordinate  conceptions. 
It  was  Euler  who  first  established 
it,  making  it  the  foundation  of  the 
entire  analysis,  and  hereby  he  in- 
augurated a  new  period  in  mathe- 
matics" (p.  12,  &c.) 

2  To   Huygens,  16th  September 
1679  :  "  Je  ne  suis  pas  encor  con- 
tent de  I'Alg^bre,  en  ce  qu'elle  ne 
donne  ny  les  plus  courtes  voyes,  ny 
les  plus  belles  constructions  de  Geo- 
metric. .  .  .  Je  croy  qu'il  nous  faut 
encor  une  autre  analyse  proprement 
gdom^trique  ou  lineaire,  qui  nous 
exprime  directement  situm,  comme 
I'Alg^bre    exprime    magnitudinem. 
Et  je  croy  d'en   avoir  le   moyen, 
et  qu'on  pourroit  reprdsenter  des 
figures  et  mesures  des  machines  et 
mouvements  en  caract^res,  comme 
I'Algebre    represente    les    nombres 
ou  grandeurs"  (Leibniz,  Mathem. 
Werke,  ed.  Gerhardt,  vol.  ii.  p.  19). 
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the  great  success  which  attended  Laplace's  work,  the 
elaboration  of  a  system  of  the  universe  out  of  the  prin- 
ciples of  Newton,  was  largely  due  to  the  perfection  which 
the  analytical  methods  had  gained  in  the  hands  of  his 
predecessors,  and  to  the  skill  with  which  he  himself  re- 
duced the  several  problems  to  purely  analytical  questions. 
But  however  much  exact  methods,  learned  societies, 
and  regal  endowments  may  do  to  promote  the  growth  of 
the  scientific  spirit,  experience  has  shown  that  popular 
favour  and  interest  furnish  a  still  more  effective  stimulus. 
Even  the  most  abstract  reasonings  of  the  mathematician 
require  to  be  brought  into  some  connection  with  the  gen- 
eral concerns  of  mankind,  before  they  can  attract  talent 
from  outside,  or  enter  into  that  healthy  action  and  reaction 
which  are  the  soul  of  all  mental  progress.  In  this  respect, 
also,  France  during  the  second  half  of  the  eighteenth  cen- 
tury was  far  in  advance  of  other  countries.  No  other  liter- 
ature of  that  age  can  be  compared  with  that  of  France,  when 
we  look  at  the  influence  or  the  expression  which  modern 
scientific  views  and  interests  had  already  attained  in  it ; 
and  no  other  country  could  at  the  end  of  the  eighteenth 
century  boast  of  such  splendid  means  of  scientific  instruc- 
tion as  then  existed  in  Paris.  In  two  important  depart- 
ments— the  popularisation  and  the  teaching  of  science — 
France  for  a  long  period  led  the  way.^     A  general  inter- 


I 


To  Bodenhauseii  (about  1690) :  "  I 
am  of  opinion  that  in  the  problems 
of  ordinary  Geometry  the  metkodus 
Veterum  has  certain  advantages 
over  Analysin  Algehraicam,  and  I 
think  I  have  remarked  to  you  that 
there  remains  an  A  nalysis  geometricE 
propria,  toto  cceIo  ab  Algebra  diversa 
et  in  mtdtis  longe  Algebra  compendio- 


sior  utiliorque"  (ibid.,  vol.  vii.  p. 
359).  "  It  is  certain  that  algebra, 
by  reducing  everything  a  situ  ad 
solam  magnitudinem,  hereby  very 
frequently  complicates  things  very 
much"  (p.  362). 

^  Perhaps  it  would  be  more  cor- 
rect to  say  that  science  was  fashion- 
able than  that  it  was  popular  in  the 


est  was  thus  created  in  the  proceedings  and  debates  of  the 
Academy,  and  the  discoveries  of  its  illustrious  members 
found  their  way  into  the  lectures  and  text- books  of  the 
professors.  Whatever  eminence  German  science  may  have 
gained  in  this  century,  from  a  purely  literary  point  of 
view,  through  the  works  of  A.  von  Humboldt,  or  English 
science  through  those  of  Darwin,  the  history  of  both 
literatures  during  the  eighteenth  century  can  be  written 
almost  without  any  reference  to  science  at  all — so  small 
was  the  direct  influence  of  such  giants  as  Newton  and 
Leibniz  on  the  popular  mind.  But  who  could  exclude 
from  a  history  of  the  elegant  literature  of  France  the 
names  of  Voltaire,  of  Buffon,  of  D'Alembert,  or  of  Con- 
dorcet  ?  These  form  a  connecting  link  between  science 
and  general  literature.^     A  study  either  of  English  or 


eighteenth  century  in  France.  But 
it  became  popular  through  the  in- 
fluence of  the  great  schools  of  Paris. 
Before  becoming  popular  with  the 
masses  it  became  so  in  cultivated 
and  literary  circles.  The  result 
has  been  that  science  in  France 
alone  has  attained  to  a  perfect  form 
of  expression.  Whereas  in  other 
countries  the  great  models  of  origi- 
nal research  and  thought  were  writ- 
ten in  the  severe  style  handed  down 
by  the  ancients  (Newton's  'Prin- 
cipia '  and  Gauss's  *  Disquisitiones 
Arithmeticse '),  the  great  work  of 
Lagrange  (the  'M^anique  analy- 
tique')  is  a  model  of  literary  style 
in  the  modern  sense.  Science  in  our 
age  has  become  popular  through 
its  applications.  It  is  the  utili- 
tarian spirit  that  has  popularised 
science  in  Germany  and  England. 
In  France  alone  science,  before  com- 
ing under  the  influence  of  the  utili- 
tarian, came  under  that  of  the  lit- 
erary spirit.    It  was  the  influence  of 


the  academies  that  brought  this 
about.  See  Maury,  'Les  Acade- 
mies d'autrefois,'  vol.  i.  p.  178,  &c. 
More  than  with  Richelieu,  the  in- 
terest in  science  nowadays  is  un- 
fortunately only  too  often  purely 
"  metallic "  (quoted  from  Lord 
Chesterfield's  Letters).  See  also 
on  the  literary  as  compared  with 
the  modern  practical  character  of 
science,  Maury,  ibid.,  p.  161. 

^  "On  erigeait  meme  en  prin- 
cipe  la  n^cessitd  pour  un  philosophe 
de  ne  rester  Stranger  h  aucune 
science.  *  L'esprit  philosophique 
fait  tant  de  progres  en  France  de- 
puis  quarante  ans,'  ^crivait  Voltaire 
h  madame  Du  Ch^telet,  en  lui  d^- 
diant  sa  trag^die  d'Alzire,  'que  si 
Boileau  vivait  encore,  lui  qui  osait 
se  moquer  d'une  femme  de  condi- 
tion, parce  qu'elle  voyait  en  secret 
Roberval  et  Sauveur,  il  serait  oblig^ 
de  respecter  et  d'imiter  celles  qui 
profitent  publiquement  des  lumieres 
des  Maupertuis,  des  Reaumur,  des 
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Paris. 


of  German  eighteenth-century  literature  does  not  intro- 
duce one  to  the  great  controversies  of  science,  but  a 
study  of  Voltaire  leads  one  into  the  midst  of  the  pro- 
found problems  of  the  Newtonian  and  Cartesian  philo- 
sophy, the  disputes  on  the  correct  measure  of  force.^ 
Buffon's  influence,  also,  by  spreading  a  taste  for  the  study 
of  nature  and  by  making  objects  of  natural  history  attrac- 
tive, was  probably  much  more  important  than  his  actual 
contributions  to  the  natural  sciences  themselves.^ 

For  the  growth  and  diffusion  of  the  scientific  spirit 
itself,  the  great  schools  in  Paris  were  even  of  greater 
value  than  the  popular  writings  of  Voltaire  and  Buffon. 
Most  of  the  Academicians  were  trained  in  these  schools, 


and  many  of  them  taught  there  for  many  years.^  It  was 
with  a  true  insight  into  the  higher  intellectual  needs  of 
the  nation  that  the  successive  Governments  of  the  Eevo- 


Mairan,  des  Du  Fay  et  des  Clairault ; 
de  tous  ces  veritables  savants  qui 
n'ont  pour  objet  qu'une  science 
utile,  et  qui,  en  la  rendant  agreable, 
la  rendent  insensiblement  neces- 
saire  h,  iiotre  nation.  Nous  sommes 
au  temps,  j'ose  le  dire,  oil  il  faut 
qu'un  poete  soit  philosophe  et  oil 
une  femme  peut  I'etre  hardiment.' 
En  parlant  ainsi,  Voltaire  ne  faisait 
qu'exprimer  I'opinion  de  son  siecle, 
et  ambitieux  lui-meme  de  reuuir  le 
titre  de  geom^tre  h.  celui  de  poete  et 
d'historien,  il  s'etait  fait  expliquer 
parmadame  Du  Chatelet  la  physique 
de  Newton "  (Maury,  *  Lea  Acad, 
d'autrefois,'  vol.  i.  p.  156). 

^  See  Maury,  vol.  i.  p.  157,  &c. ; 
and  Du  Bois-Reymond,  "  Voltaire 
als  Naturf orscher  "  in  *  Gesammelte 
Reden,'  vol.  i.  p.  1. 

2  "Sans  r^loquence  de  Bufifon, 
la  zoologie  serait  demeuree  encore 
longtemps  le  privilege  d'un  petit 
nombre  ;  elle  eut  laiss^  indifferents 
ceux  que  la  nature  ^meut  moins  que 
le  charme  de  la  parole.  La  vieille 
education  classique  avait  le  tort 
de  nous  laisser  tres-ignorants  des 
choses  du  monde  cree.    Buffon  com- 


muniqua  aux  sciences  le  charme  des 
lettres.    La  curiositd  s'eveilla,  et  en 
1760,  Valmont  de  Bomare  put  ouv- 
rir  a  Paris  le  premier  cours  d'his- 
toire  naturelle  ;  il  fut  assidument 
suivi "  (Maur5%  vol.  i.  p.  283).     A. 
von  Humboldt  had  a  similar  influ- 
ence in  Berlin  seventy  years  later. 
See   Du   Bois-Reymond,   loc.    cit.y 
vol.  i.  p.  510.     Guardia,  *  Histoire 
de  la  Medecine*  (Paris,  1884),  says 
of  Buffon,  "  Fontenelle  avait  rendu 
la    science    aimable   et   accessible. 
Buffon  I'associa  a  la  philosophie  et 
aux   lettres  et  I'introduisit  defini- 
tivement  dans  la  soci^te  "  (p.  384). 
What  a  contrast,  when  we  read  in 
the  *  Life  of  Sir  W.  R.  Hamilton ' 
(by  R.  P.  Graves,  vol.   ii.  p.   196) 
that    Dr    Buckland's    communica- 
tion at  the  Bristol  meeting  of  the 
British    Association    (1836)    "  was 
apparently    the    first    occasion    of 
bringing  before  the  public  mind  in 
England  the  geological  doctrine  of 
the  great  antiquity  of  the  earth  ; 
for  out  of  the  expressly  scientific 
circles,  very  little — you  [viz..  Count 
Adare]   are    aware  —  is    known    of 
what  scientific  men  are  about "  ! 


^  Before  the  age  of  the  Revolu- 
tion, which  did  so  much  to  pro- 
mote higher  scientific  education, 
Paris  possessed  already  many  great 
schools.  First  in  importance  was 
the  College  de  France,  founded  in 
1530  by  Francis  I.  Gassendi  and 
Roberval  taught  there  in  the 
seventeenth  century,  and  about 
the  middle  of  the  eighteenth  cen- 
tury science  began  to  be  more  ex- 
tensively represented,  Lalande  and 
Daubenton,  occupying  chairs.  The 
College  et  Ecole  de  Chirurgie  was  an 
ancient  establishment.  There  was 
the  Jardin  des  Plantes,  with  Buffon, 
Lemonnier,  ,Daubenton,  and  Four- 
croy  ;  the  Ecole  royale  des  Mines, 
founded  in  1783,  where  Puhamel 
taught  metallurgy  ;  the  Ecole  des 
Fonts  et  Chaussees,  founded  by 
Turgotin  1775.  Daubenton,  Four- 
croy,  and  Vicq  d'Azyr  taught  in 
the  Ecole  v^t^riuaire  d'Alfort, 
founded  in  1766.  Besides  the 
Acaddmie  des  Sciences,  the  Acadd- 
mie  royale  de  Chirurgie,  founded 
by  Lapeyronie  under  Louis  XV.  in 
1731,  had  a  great  influence  on  the 
development  of  anatomy  and  sur- 
gery during  the  eighteenth  centur}^ 
Tenon  and  Petit,  as  well  as  Quesnay 
the  economist,  were  amongst  its 
members,  and  it  kept  up  a  lively 
intercourse  with  anatomists  all  over 
Europe.  The  Paris  academies  had 
also  their  representatives  and  con- 
nections in  the  provinces.  Inde- 
pendent academies  of  science  were 
affiliated  with  the  Acaddmie  des  Sci- 
ences— 1716  at  Bordeaux,  1706  at 
Montpellier,  1746  at  Toulouse,  1766 
at  Bdziers.  Before  having  received 
their  lettres  patentes,  which  gave 
their  members  certain  privileges, 
most  of  these  academies  had  exist- 
ed as  independent  societies.     Other 


provincial  academies,  such  as  Aries 
(1668),     Nimes     (1684),     Soissons 
(1674),  MarseiUes  (1726),  were  affili- 
ated with  the  Acaddmie  fran9aise. 
Others,  such  as  Caen  (1705),  Lyons 
(1724),  Dijon  (1740),  Rouen  (1744), 
Amiens  and  Nancy  (1750),  Besan- 
9on  (1757),  Metz  (1760),  Clermont 
(1780),   Orleans  (1786),   were   not 
specially    affiliated.      These    dates 
show    how    very    much    earlier    a 
literary  and  scientific  organisation 
existed   in    France    than   in   other 
countries.     The  Protestant  univer- 
sities  in   Germany  formed   an   or- 
ganisation of  a  different  kind,  with 
which  I  shall   deal  later  on.     The 
academic  system,  so  early  developed 
in  France,  was  of  great  use  to  the 
culture   of    the   sciences.      French 
science  is  usually  considered  to  be 
almost   entirely   located   in    Paris. 
M.    Bouillier    ('L'lnstitut    et    les 
Academies     de    Province,'     Paris, 
1879)  has  drawn  attention  to  the 
great  services  of   this   network  of 
academies.     Many  of  the  most  emi- 
nent writers  belonged  to  these  pro- 
vincial   centres,    and    worked    for 
them  even  after  becoming  members 
of  the  more  celebrated  academies. 
Montesquieu  is  connected  with  Bor- 
deaux, Cassini  and  many  eminent 
doctors  with  Montpellier,  Dijon  has 
the  honour  of  bringing  out  Rous- 
seau, and  Toulouse  gave  prizes  to 
Bossut  and  Clairault.    Robespierre's 
name  is  connected  with  the  Academy 
of  Arras,  Marat  discourses  at  Rouen 
and  Lyons  on  electricity  and  optics, 
and  Dan  ton  and  Bonaparte  compete 
for    the   prix   Raynal    at    Lyons. 
"  Mais,"  says  M.  Bouillier,  "  ce  qui 
nous    semble    le    plus    digne    de 
remarque   et  d'dloge,   ce  sont   les 
ecoles  gratuites  de  dessin,  les  cours 
gratuits   de   physique,  de  chimie, 
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lution,  in  the  midst  of  the  more  pressing  problems  of 
national  safety  and  welfare,  betook   themselves   to  the 
solution  of  the  great  problem  of  national  education  and 
the  instruction  of  all  grades  of  society.    "The  Convention," 
says  the  historian  of  public  instruction,^  "  affords  us  the 
strange  and  grand  spectacle  of  an  assembly,  which  on  the 
one  side  seems  to  have  no  other  mission  than  to  crush  in 
the  name  of  public  welfare  everything  that  stands  in  the 
way  of  the  triumph  of  the  Eepublican  State,  and  which 
by  Govern-    can  SCO  uo  othcr  way  of  attaining  this  than  the  most 
Revolution,  terrible  and  cruel  of  tyrannies ;  and  which  on  the  other 
side  devotes  itself,  with  a  stoical  calm  and  serenity,  form- 
ing a  surprising  contrast  to  its  acts,  to  the  study,  the 
examination,  and  the  discussion  of  all  the  problems  in- 
volved in  public  instruction,  of  all   the   measures  con- 
ducive to  the  progress  of  science.     It  had  the  glory  of 
creating  institutions,  some  of  which  were  carried  away  by 
the  blast  of  the  Kevolution,  but  among  which  the  most 
important  still  exist  for  the  great  honour  of  France,  and 
bear  proof  of  the  loftiness  of  her  ideas."  ^ 


dTiistoire  naturelle,  d'anatomie, 
d'antiquites,  fondes  par  un  certain 
nombre  d'academies  et,entre  autres, 
par  Dijon,  par  Rouen,  par  Bordeaux, 
par  Toulouse,  par  Montpellier,  et 
dont  les  professeurs  ^taient  des 
membres,  non  retribues  de  ces 
academies.  ...  A  combien  de 
jeunes  talents  les  academies  provin- 
cialea  n'ont-elles  pas  donn^  I'essor, 
par  leurs  recompenses  solennelles  et 
leurs  encouragements  ?  Combien  de 
leurs  laureats  ne  sont  pas  devenus 
des  hommes  c^l^bres?"  (p.  81,  &c.) 
Besides  Bouillier,  consult  on  these 
matters  the  several  articles,  "  Aca- 
ddmie,"  "College,"  "Ecole,"  in  the 
*  Grande  Encyclop^ie.' 


1  C.  Hippeau, '  L'Instruction  pub- 
lique  en  France  pendant  la  Revolu- 
tion,' 1®  s^rie,  preface,  p.  xix. 

-  It  appears  nowadays  a  kind  of 
paradox  that,  as  M.  Hippeau  re- 
marks, in  the  very  year  1793,  when 
"the  Convention  was  labouring 
with  a  feverish  ardour  at  the  crea- 
tion of  schools  of  all  degrees,"  this 
same  Convention,  on  a  report  of  the 
Committee  of  Public  Instruction, 
vo.ted  on  the  8th  of  August  the 
suppression  of  all  the  academies  of 
Paris  and  the  provinces.  On  this 
M.  Bouillier  ( *  L'Institut  et  les  Aca- 
demies,' p.  95)  remarks  :  "  Bientot 
il  est  vrai,  les  academies  devaient 
renattre    apres    la    chute    de    la 


It  was  of  immense  importance  to  the  cause  of  science 
that  in  many  of  the  discussions  of  that  assembly  a 
marked  preference  was  shown  for  the  scientific  side  of 
instruction.  In  this  matter,  as  in  many  others,  the  suc- 
cessful constructive  efforts  of  the  Kevolutionary  Govern- 
ments came  from  the  side  of  those  brought  up  in  the 


Montagne  et  du  Comity  de  salut 
public.  Nous  n'ignorons  pas  que 
c'est  encore  la  Convention  qui,  prise 
d'un  tardif  remords,  la  veille  seule- 
ment  du  jour  oii  elle  devait  faire 
place  a  un  autre  gouvernementmoins 
desputique  et  moins  cruel,  decreta 
I'organisation  de  I'lnstitut.  Mais 
la  Convention  du  3  brumaire  an 
iv.  n'etait  plus  celle  de  1793  ;  c'dtait 
en  rdalite  une  autre  Convention, 
^purde,  ddcim^e,  renouvelee,  animee 
d'un  tout  autre  esprit,"  &c.,  &c. 
The  idea  of  a  national  Institute  for 
the  advancement  of  letters,  science. 
?ind  arts  was  a  very  early  one  (see 
*  Rapport  de  Talleyrand  Perigord,' 
September  1791,  Hippeau,  p.  102). 
The  explanation  how  the  same 
Government  which  was  labouring  at 
the  problem  of  a  national  instruc- 
tion, crowned  by  the  higher  teaching 
and  research  of  an  Institute,  could 
begin  by  closing  the  existing  acad- 
emies and  universities,  lies  in  this, 
that  the  aim  was  to  make  education 
general  and  learning  popular,  not 
merely  fashionable,  as  it  had  been. 
See,  for  instance,  what  Ducos  said 
on  the  18th  December  1792  :  "Les 
moeurs  d'un  peuple  corrompu  ne 
se  r^generent  point  par  de  legers 
adoucissements,  mais  par  de  vigour- 
-euses  et  brusques  institutions.  II 
faut  opter  ouvertement  entre  I'^du- 
cation  domestique  et  la  liberty  ;  car 
■citoyens,  tant  que  par  une  instruc- 
tion commune  vous  n'aurez  pas 
rapproche  le  pauvre  du  riche,  le 
faible  du  puissant ;  tant  que,  pour 
me  servir  des  expressions  de  Plu- 
tarque,  vous  n'aurez  pas  achemine  h, 


une  meme  trace,  et  mould  sur  une 
meme  forme  de  vertu  tous  les 
enfants  de  la  patrie,  c'est  en  vain 
que  vos  lois  proclameront  la  sainte 
egalite,  la  Republique  sera  toujours 
divisde  en  deux  classes  :  les  citoyens 
et  les  messieurs"  (Hippeau,  2® 
serie,  p.  21).  It  was  because  the 
academies  and  colleges  supported 
"les  messieurs"  that  they  were 
suppressed.  In  the  end  education 
must  always  begin  from  above,  and 
before  the  people  can  be  taught 
you  must  form  their  teachers.  See 
Lakanal's  Report  on  the  Ecoles  nor- 
males,  Hippeau,  vol.  i.  p.  408.  The 
academies  and  colleges  of  the  eigh- 
teenth century  were  closed  in  order 
to  make  room  for  that  uniform 
system  of  public  instruction  de- 
scribed by  Talleyrand  and  Condor- 
cet,  but  not  without  a  frequently 
expressed  admiration  for  the  work 
which  they  had  done.  See  the  de- 
fence of  the  academies  by  Condor- 
cet  (Hippeau,  loc.  cit.,  vol.  i.  p.  272), 
and  the  tribute  to  the  *'  College  de 
France,"  by  Gilbert  Romme  (ibid., 
vol.  i.  p.  308).  The  arguments  for 
radical  change  are  summed  up  by 
that  speaker  as  follows  :  * '  L'exist- 
ence  de  ces  corps  privildgids  blesse 
tous  nos  principes  rep"blicains, 
attaque  I'dgalitd  et  la  liberty  de 
penser  et  nuit  aux  progres  des 
arts.  Mais  si  leur  organisation  est 
vicieuse,  les  Elements  en  sont  bons, 
et  nous  serviront  utilement  dans 
I'organisation  nouvelle  de  I'instruc- 
tion  publique  que  vous  allez  dd- 
crdter  "  (p.  309). 
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18. 
Condorcet 


school  of  Voltaire  and  the  Encyclopsedists,  whilst  the 
work  of  destruction  had  been  performed  by  the  followers 
of  Kousseau.  No  one  has  expressed  himself  on  the  value 
of  scientific  study  and  knowledge  in  a  clearer  or  more 
far-seeing  manner  than  Condorcet.  In  his  '  Eeport  and 
Project  of  a  Decree  on  the  General  Organisation  of  Public 
Instruction,'  which  he  presented  to  the  National  Assembly 
in  the  name  of  the  Committee  of  Public  Instruction, 
he  says :  ^  "  Many  motives  have  brought  about  the  kind 
of  preference  which  is  accorded  to  the  mathematical  and 
physical  sciences.  Firstly,  for  men  who  do  not  devote 
themselves  to  long  meditations,  who  do  not  fathom  any 
kind  of  knowledge — even  the  elementary  study  of  these 
sciences  is  the  surest  means  of  developing  their  intel- 
lectual faculties,  of  teaching  them  to  reason  rightly  and 
to  analyse  their  ideas.^  ...  It  is  because  in  the  natural 
sciences  the  ideas  are  more  simple,  more  rigorously  cir- 
cumscribed, it  is  because  their  language  is  more  perfect, 
&c.,  &c.  .  .  .  These  sciences  offer  a  remedy  for  prejudice, 
for  smallness  of  mind — a  remedy,  if  not  more  certain, 
at  least  more  universal,  than  philosophy  itself.^  .  .  .  Those 


^  It  was  presented  on  the  20th 
and  21st  April  1792.  See  Hippeau, 
le  serie,  pp.  185-288.  It  was 
printed  by  order  of  the  Convention, 
Paris,  Imprimerie  nationale,  1793. 

•J  Ibid.,  p.  203. 

3  Ibid.,  p.  204.  It  is  interesting 
to  see  how  in  all  these  reports  the 
exact  sciences  are  placed  in  the  fore- 
ground. See,  for  instance,  what 
Gilbert  Romme  says  of  the  teaching 
of  the  proposed  instituts :  "  Les 
sciences  mathematiques  et  phys- 
iques, morales  et  politique?,  I'agri- 
culture  et  les  arts  mecaniques,  la 
litterature  et  les  beaux-arts,  com- 


poseront  I'enseignement  des  insti- 
tuts ou  Ton  pourra  suivre,  dans 
leurs  Elements,  I'dchelle  entiere  des 
connaissances  humaines"  (vol.  i.  p. 
322).  "  Les  lycees  seront  I'^cole  des 
gens  instruits  ;  ils  embrasseront  les 
sciences,  les  arts  et  les  lettres  dans 
toute  leur  etendue."  One  is  forcibly 
reminded  that  the  most  perfect 
realisation  of  this  arrangement  of 
studies  is  to  be  found  a  century 
later  in  the  provincial  science  col- 
leges of  this  country.  The  prefer- 
ence, however,  is  now  given  to 
science  mainly  for  ultilitarian  rea- 
sons :   the  difference  is  shown  by 


who  follow  their  course,  see  the  coming  of  an  epoch 
when  the  practical  usefulness  of  their  application  will 
reach  greater  dimensions  than  were  ever  hoped  for,  when 
the  progress  of  the  physical  sciences  must  produce  a 
fortunate  revolution  in  the  arts.  And  lastly,  we  have 
yielded  to  the  general  tendency  of  men's  minds,  which 
in  Europe  seem  to  incline  towards  these  sciences  with 
an  ever-increasing  ardour.  .  .  .  Literature  has  its  limits, 
the  sciences  of  observation  and  calculation  have  none. 
Below  a  certain  degree  of  talent,  the  taste  for  literary 
occupations  produces  either  ridiculous  pride  or  a  mean 
jealousy  towards  such  talents  as  one  cannot  attain.  In 
the  sciences,  on  the  contrary,  it  is  not  with  the  opinion 
of  men  but  with  nature  that  we  have  to  engage  in  a 
contest,  the  triumph  of  which  is  nearly  always  certain, 
where  every  victory  predicts  a  new  one."  ^ 

"  It  is,"  says  Lakanal,  in  his  report  on  the  "  ficoles  cen- 
trales," 16th  December  1794,  "of  great  importance  for 
the  nation  to  assure  itself  that  the  mathematical  sciences 
are  cultivated  and  deepened,  for  they  give  the  habit 
of  accuracy:  without  them  astronomy  and  navigation 
have  no  guide;  architecture,  both  civil  and  naval,  has. 
no  rule ;  the  sciences  of  artillery  and  of  fortification  have- 
no  foundation."  ^    Gradually,  under  the  pressure  of  exter- 


19. 
Lakanal. 


the  importance  then  attached  to 
mathematics  as  a  training  of  the 
intellect  in  precise  thinking;  now- 
adays it  is  the  mechanical  side  that 
is  favoured,  and  this  is  only  too 
often  destructive  of  the  truly  scien- 
tific and  exact  spirit. 

^  Hippeau,  loc.  cit.,  p.  258.  Cf. 
p.  261  :  '•  Hatons  -  nous  .  .  .  de 
porter  dans  les  sciences  morales  la 


philosophic  et  la  methode  des  scien- 
ces physiques"  (Condorcet). 

-  Hippeau,  vol.  i.  p.  432.  It  is 
interesting  to  see  how  the  study  and 
teaching  of  the  sciences  in  course  of 
the  second  half  of  the  last  century 
in  France  undergo  a  development. 
The  literary  interest  predominates 
in  Fontenelle.  Buffou  and  Voltaire^ 
add    to   it    the   philosophical   and 
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,       20. 

Ecole  nor- 
male.   Ecole 
polyte^h- 
nique. 


nal  events,  the  exigencies  of  war  and  the  defence  of  the 
country  gain  the  upper  hand,  and  a  central  establishment 
is  founded  to  cultivate  and  teach  the  sciences  and  arts, 
"  upon  which  depend  the  defence  of  the  Eepublic  by  land 
and  sea."  ^  Few  of  the  higher  and  philanthropic  aims  of 
the  great  educational  leaders  of  the  early  years  of  the 
Kevolution— of  Mirabeau,  of  Talleyrand,  of  Condorcet— 
were  realised;  little  was  done  for  primary  education; 
but  science  can  boast  of  having  been  worthily  represented 
and  supported  in  the  two  great  schools  which  still  bear 
their  original  designation,  and  which  can  show  a  record 
of  celebrated  names  and  magnificent  work  superior  prob- 
ably to  that  of  any  other  similar  institution  in  Europe. 
They  are  the  "  ficole  normale  superieure "  and  the 
"  £cole  centrale  des  Travaux  publics,"  better  known  by 
the  title  "  ficole  polytechnique."  ^     The  founders  of  this 


philanthropic,  the  Encyclopsedists 
and  Condorcet  the  educational ;  the 
events  of  the  Revolution  and  the 
discussions  in  the  Assemblies  bring 
out  more  and  more  the  instructive, 
the  utilitarian,  and  the  economical 
aspects.  The  only  creations  which 
resulted  were  those  in  which  the 
latter  aims  were  predominant. 

1  Lakanal,  see   Hippeau,  vol.  i. 

p.  447. 

2  To  these  two  great  schools  must 
be  added  as  a  third  the  "Museum 
d'Histoire  naturelle,"  "le  plus  mag- 
nifique  ^tablissement  que  les  scien- 
ces aient  possede"  (Cuvier,  "^loge 
de  Fourcroy,"  part  ii.  of  the  '  Eloges 
historiques,'  p.  44,  Strasbourg,  1819). 
The  foundation  of  the  "  Ecole  cen- 
trale des  Travaux  publics  "  was  pro- 
posed by  Bar^re  on  the  11th  March 
1794,  and  definitely  organised  on 
the  report  of  Fourcroy  (Hippeau, 
vol.  i.  p.  446)  by  a  decree  of  7th  ven- 
d^miaire,  an  iv.  (name  changed  to 


Ecole  polytechnique,  15th fructidor). 
The  opening  of  the  courses  was  an- 
nounced for  the  10th  frimaire  fol- 
lowing (Hippeau,  vol.  ii.  pp.  139, 174, 
175).  The  foundation  of  the  "  Ecoles 
normales  "  was  proposed  by  Barere 
(13th  prairial,  an  ii. ),  and  decreed  on 
a  report  of  Lakanal  (Hippeau,  vol.  i. 
p.  423)  on  the  9th  brumaire,  an  iii. 
(30th  October  1794)  (ibid.,  vol.  ii.  p. 
179).  The  courses  opened  on  the  1st 
pluviose.  The  work  of  the  school 
was  distributed  as  follows  :  Mathe- 
matics, I^agrange  and  Laplace; 
physics,  Haiiy;  descriptive  geome- 
try, Monge  ;  natural  history,  Dau- 
benton ;  chemistry,  BerthoUet ;  agri- 
culture, Thouin ;  geography,  Buache 
and  Mentelle  ;  histoiy,  Volney  ; 
morals,  Bernardin  de  St  Pierre. 
(Hippeau,  vol.  ii.  p.  180,  where  also 
will  be  found  extracts  from  the 
'  Moniteur '  of  the  9th  pluviose  on 
the  opening  addresses. )  The  oldest 
pupil  was  Bougainville,  the  g;reat 


magnificent  institution  recognised  "  that,  in  spite  of  the 
diversity  of  applications,  mathematics  and  physics  are 
the  indispensable  basis  of  the  studies  in  view."  ^  Though 
the  first  period  of  the  life  of  the  £cole  normale  only 
counted  four  months,^   we   are   indebted   to   it  for  the 


traveller.  The  Ecole  polytechnique 
received  an  allocation  of  £12,000, 
and  had  400  pupils  to  start  with. 
On  the  20th  frimaire,  an  iii.,  the 
Convention,  on  a  report  of  Thibau- 
deau,  voted  the  necessary  expenses 
for  the  enlargement  of  the  Museum 
d'Histoire  naturelle  (Hippeau,  vol. 
ii.  p.  196),— viz.,  nearly  £8000  for 
expenses,  and  £200  for  each  of  the 
professors.  The  Museum  had  been 
originally  destined  for  the  culture 
of  medicinal  plants.  Tournefort  had 
given  a  great  impetus  to  botanical, 
and  Buffon,  with  Daubenton,  to 
zoological  studies.  The  Convention 
added  several  to  the  courses  regu- 
larly held  there  on  natural  history, 
botany,  mineralogy,  and  general 
chemistry.  "  Ces  cours,"  says  Thi- 
baudeau,  "fournissent  500  le9ons 
par  an,  offrent  I'ensemble  le  plus 
vaste  et  le  plus  complet  d'enseigne- 
ment  sur  toutes  les  branches  d'his- 
toire  naturelle  dont  le  plus  gi-and 
norabre  manquaient  totalement  k  la 
France  et  dont  quelques-unes  man- 
quent  encore  k  1 'Europe,  I'applica- 
tion  immediate  de  toutes  les  sciences 
naturelles  au  commerce  et  aux  arts." 
Of  other  scientific  and  teaching 
institutions  I  must  mention  the 
** Bureau  des  Longitudes."  This 
was  organised  by  the  Convention 
on  a  discourse  by  Gr^goire,  7  th 
messidor,  an  iii.  (24th  June  1795), 
in  which  he  refers  to  the  British 
Board  of  Longitude  and  the  superi- 
ority of  the  British  navy  (Hippeau, 
vol.  ii.  p.  219).  The  appointments  to 
this  bureau  were  the  g^ometres  La- 
grange and  Laplace,  the  astronomcs 
Lalande,     Cassini,     Mechain,     De- 

VOL.  L 


lambre,  one  of  whom  had  to  deliver 
a  course  of  astronomy,  the  travellers 
Borda,  Bougainville,  the  g4ographe 
Buache,  and  the  artist  Carocher. 
It  had  charge  of  the  observatory, 
which  had  already  been  reorganised 
by  a  decree  promoted  by  Lakanal  on 
the  31st  August  1793  (Hippeau,  vol. 
ii.  p.  76),  and  published  in  the  *  Con- 
naissance  des  Temps.'  There  were, 
besides,  several  military  schools  and 
the  medical  schools,  not  to  mention 
other  foundations  less  connected 
with  our  subject  but  equally  im- 
portant, such  as  the  School  of 
Oriental  Languages,  established  in 
the  Bibliotheque  nationale  (ger- 
minal,,an  iii.,  Hippeau,  vol.  ii.  p.  215) ; 
the  Ecoles  de  Sant^,  established 
14th  frimaire,  an  iii.,  on  a  report  of 
Fourcroy,  in  Paris,  Strasbourg,  and 
Montpellier  (Hippeau,  vol.  ii.  p.  194). 

^  Ibid.,  vol.  i.  p.  450. 

^  The  Ecole  normale  was  closed 
on  the  30th  flordal,  an  iii.,  on  a 
decree  of  the  Convention  dated 
the  7  th  of  that  month.  Dan  ton 
explained  that  the  school  had  not 
taken  the  line  which  the  Conven- 
tion had  marked  out — the  courses 
in  general  having  offered  a  direct 
teaching  of  the  sciences  rather 
than  an  exposition  of  the  methods 
which  are  to  be  adopted  in  teaching 
(Hippeau,  vol.  ii.  p.  215).  It  also 
seems  that  the  eminent  teachers  of 
this  institution  had  few  pupils  sufl&- 
ciently,  prepared  to  follow  them. 
The  Ecole  normale  was  reopened 
in  the  year  1808  under  the  Empire, 
by  the  same  decree  of  17  th  March 
which  organised  the  University  of 
France. 
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21.       foundation  of  a  new  branch  of  science — the  '  Descriptive 

^Descriptive  Geomctry '   of   Monge,   which  was   given   to   the  world 

"'"'^  '^*     through  shorthand  notes  ^  from  his  lectures  delivered  in 

that  institution.     They  form  the  beginning  of  the  new 

science,  since  developed  by  Poncelet,  Steiner,  and  others, 

and  known  under  the  name  of  "  projective  geometry."  ^ 

Next  to  mathematics  with  its  analytical  and  graphical 
application  to  physics  and  the  arts,  the  subject  most  culti- 
vated in  these  higher  educational  establishments  of  Paris 
at  the  end  of  the  last  century  was  the  new  science  of 
chemistry.  With  some  justice  this  science  has  been  termed 
a  French  science,^  not  so  much  because  even  at  that  time 


88. 

Science  of 
Chemistry. 


1  See  the  account  of  the  origin  of 
this  branch  of  mathematics  in  Bris- 
son's  edition  of  the  '  Geometric  de- 
scriptive,' Paris,  1847.     In  the  pro- 
gramme prefixed  to  the  treatise  the 
three  aspects  of  the  new  school — 
the  national,  the  practical,  and  the 
educational — are    well    set    forth  : 
"  Pour  tirer  la  nation  francaise  de 
la  d^pendance  oh  elle  a  ^t^  jusqu'h 
present  de  I'industrie  etrang^re,  il 
faut  premi^rement  dinger  Teduca- 
tion  nationale  vers  la  connaissance 
des  objets  qui  exigent  de  I'exacti- 
tude.  ...  II  faut,  en  second  lieu, 
rendre  populairelaconnaissance  d'un 
grand  nombre  de  phenomenes  natu- 
rels.  ...  La  geometric  descriptive 
est  un  moyen  de  rechercher  la  ver- 
ity ;  elle  offre  des  exemples  perpe- 
tuels  du  passage  du  connu  h,  I'incon- 
nu  ;  et  parcequ'elle  est  tou jours  ap- 
pliquee  a  des  objets  susceptibles  de 
la  plus  grande  evidence,  il  est  n^ces- 
saire  de  la  faire  entrer  dans  le  plan 
d'une  Education  nationale."    Monge 
generalised  and  placed  on  a  scien- 
tific basis  the  methods  used    pre- 
viously by  carpenters  and   stone- 
cutters,   and   partially   dealt   with 
geometrically  by  Courcier,  Derand, 
Mathurin,  Jousse,  and  Frezier.    See 


Montucla,  '  Histoire  des  Mathema- 
tiques,'  vol.  iii.  p.  15. 

'^  Monge  taught  also  at  the  Ecole 
polytechnique  from  the  beginning. 
See  the  remarks  of  Chasles  (*  Rap- 
port sur  les  Progr^s  de  la  Geo- 
metric,' Paris,  1870,  p.  2):  "L'en- 
seignement  theorique  et  profond 
qui  a  ^t^  la  base  de  la  premiere  et 
judicieuse  organisation  de  ce  grand 
etablissement  ^tait  eminemment 
favorable  aux  progrfes  de  la  science, 
en  meme  temps  qu'il  preparait  seri- 
eusement  les  eleves  h  I'entree  dans 
les  ecoles  d'application. "  The  au- 
thor then  refers  with  regret  to  the 
less  scientific  tone  which  had  crept 
into  the  studies  of  that  great  school 
in  the  course  of  this  century.     See 

also  p.  379. 
3  A.  WurtzCHistoire  des  Doctrines 

chimiques,'  Paris,  1868,  p.  1) :  "La 
chimie  est  une  science  francaise  ; 
elle  fut  constitu^  par  Lavoisier." 
Cf.  Dumas  (*  Lecons  sur  la  Philoso- 
phic chimique,'  Paris,  1837,  p.  137). 
Buckle  ('History of  Civilisation,' &c., 
3  vols.,  vol.  ii.  p.  366,  London,  1866) 
says  :  **That  we  owe  to  France  the 
existence  of  chemistry  as  a  science 
will  be  admitted  by  every  one  who 
uses  the  word  science  in  the  sense 
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chemistry  was  not  indebted  to  illustrious  foreigners  ^  for 
some  of  its  most  important  discoveries,  as  because  the 
modern  scientific  spirit  of  accurate  measurement  first  took 
hold  of  chemical  phenomena  on  a  large  scale  in  the  many 
important  investigations  which  bear  the  name  of  Lavoi- 
sier and  his  followers,  through  whom  the  great  reform  of 
modern  chemical  knowledge  and  research  was  permanently 
established.  It  has  been  significantly  pointed  out  ^  that  it 
was  the  union  of  mathematical  with  empirical  knowledge 
which,  through  men  like  Laplace,  Meusnier,  Monge,  first 


in  which  alone  it  ought  to  be  un- 
derstood, &c.  .  .  .  Until  Lavoisier 
entered  the  field  there  were  no  gen- 
eralisations wide  enough  to  entitle 
chemistry  to  be  called  a  science." 
The  correctness  of  this  view  is  fully 
and  impartially  examined  by  Her- 
mann Kopp  ('  Die  Entwickelung  der 
Chemie  in  der  neueren  Zeit,'  Miin- 
chen,  1873,  p.  89,  &c.)  He  fully 
upholds  the  claims  of  Lavoisier  to 
be  called  the  father  of  modern 
cheniistry  (p.  145).  See  also  what 
Liebig  says. 

1  These  were  mainly.  Black  (dis- 
covered carbonic  acid,  called  fixed 
air,  in  17.54),  Cavendish  (discovered 
hydrogen  or  inflammable  air  in 
1767),  and  Priestley,  who  between 
1771  and  1774  discovered  oxy- 
gen (dephlogisticated  air),  nitrogen 
(phlogisticated  air),  and  several  of 
its  compounds,  among  them  am- 
monia (alkaline  air).  Of  Priestley 
it  is  said  by  Cuvier  that  he  may 
well  be  considered  as  one  of  the 
fathers  of  modern  chemistrj^,  "  mais 
c'est  un  p^re  qui  ne  vpulut  jamais 
reconnaitre  sa  fille  "  ('  Eloges,'  vol.  i. 
p.  208).  Elsewhere  (*  Rapport  his- 
torique  sur  les  Progr^s  des  Sciences 
naturelles,'  Paris,  1810,  p.  90)  Cu- 
vier dates  the  revolution  in  chem- 
istry from  the  introduction  of  the 
mathematical  spirit:     "II   en   est 


une  cause  encore  plus  essentielle  h 
laquelle  meme  on  doit  h  proprement 
parler,  et  cette  thdorie  nouvelle,  et 
les  decouvertes  qui  I'ont  fait  naitre. 
.  .^  .  C'est  I'esprit  mathematique 
qui  s'est  introduit  dans  la  science 
et  la  rigoureuse  precision  qu'on  a 
portee  dans  I'examen  de  toutes  ses 
operations.  .  .  .  C'est  dans  le 
Traits  ^lementaire  de  Lavoisier  que 
I'Europe  vit  pour  la  premiere  fois 
avec  etonnement  le  syst^me  entier 
de  la  nouvelle  chimie,"  &c. 

2  Kopp,  loc.  cit.,  p.  202:  "In- 
deed, if  we  look  at  those  who  first 
worked  together  with  Lavoisier  or 
in  his  spirit,  we  shall  find  such  as 
had  devoted  themselves  principally 
to  mathematics  or  mathematical 
physics,  men  like  Laplace,  Meus- 
nier, Monge.  Among  chemists  La- 
voisier  stood  for  a  long  time  almost 
alone  in  his  opinions."  This  view 
is  also  taken  by  Cuvier  ('Rapport,' 
p.  91):  **Les  nouveaux  chimistes 
frangais  .  .  .  ont  eu  h,  se  louer  du 
concours  de  quelques-uns  de  nos 
g^ometres  les  plus  distingues,"  &c.; 
and  he  attributes  the  next  great 
step  in  chemical  science  to  a  similar 
introduction  of  a  "rigueur  toute 
mathematique"  ('Rapport  sur  la 
Chimie  lu  k  la  Seance  des  4  Acad.,' 
23rd  April  1826). 
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brought  about  the  general  recognition  of  Lavoisier's  ideas ; 
whereas  the  more  exclusive  representatives  of  chemistry, 
such  as  BerthoUet  and  Guyton,  held  aloof  for  some  con- 
siderable time.  In  the  earlier  syllabus  of  the  Ecole 
polytechnique,  chemistry  was  brought  into  a  similar 
proximity  with  the  mathematical  branches.  And  Ber- 
thoUet's  '  Statique  chimique '  denotes  by  its  title  alone 
^the  mathematical  spirit  in  which  the  work  was  conceived. 
•     23  About  that  time  also  two  new  sciences  were,  if  not 

IZ^"^"  invented,  at  least  set  on  a  firm  basis,  by  which  the  use 
"''""•      of  mathematics  was  very  largely  extended,  and  by  which 
great  realms  of  interesting  facts  were  made  accessible  to 
accurate  measurements  and  exact  reasoning.     Both  these 
sciences  can  be  claimed  by  France  a^  almost  exclusively 
her  own  creations.     They  are  the  science  of  crystallo- 
graphy and  the  great  theory  of  probabilities.     The  former 
was  the  work  of  the  Abbe  Haliy  ;  the  latter  formed,  next 
to  the  mechanics  of  the  heavens,  the  main  original  con- 
tribution by  which  Laplace  has  perpetuated  his  name  in 
the  history  of  science.    (The  theory  of  the  Abbe  Haiiy, 
who  first  taught  how  crystals  are  built  up  from  small 
particles  of  definite  and  regular  geometrical  forms,  such  as 
cubes,  pyramids,  &c.,  came  to  the  aid  of  the  mineralogists, 
who  before  him  had  vainly  groped  in  the  dark,  searching 
for  some  method  by  which  order  and  system  could  be 
introduced  into  the  lifeless  forms  of  nature  as  by  the 
methods  of  Linn^us  and  Jussieu  it  had  been  introduced 
into  the  world  of  plants  and  animals.     Before  Hauy, 
the  doctrines  of  mineralogy  had  been  either  attached  to 
geology— especially  in  the  celebrated  school  of  Werner, 
or  latterly,  after  the  great  developments  in  chemistry  had 


24. 

Crystallo- 
graphy. 


set  in,  to  chemistry — especially  by  Bergmann.^)  Haliy 
established  the  science  of  minerals  on  an  independent 
foundation  by  studying  and  systematising  the  forms  of 
their  crystallisation ;  and  he  brought  the  science  of  min- 
eralogy from  Sweden  and  Germany  into  France,  and  gave 
it  an  independent  position.  Thus  it  came  to  form  a  con- 
necting-link between  the  mathematical — i.e.,  the  measur- 
ing and  calculating — and  the  purely  descriptive  sciences. 
"Mineralogy,  though  it  is  that  part  of  natural  science 
which  deals  with  the  least  complicated  objects,  is  never- 
theless also  that  which  lends  itself  least  to  a  rational 
classification.  The  first  observers  named  the  minerals 
vaguely  according  to  their  external  appearances  and  their 
use.  It  was  not  until  the  middle  of  the  eighteenth 
century  that  it  was  attempted  to  subject  them  to  those 
methods  which  had  done  service  to  geology  and  botany  : 
the  hope  existed  of  establishing  among  them  genera  and 


^  See  an  account  of  the  work  of 
the  chemical  school,  to  which  Cron- 
sted  (the  inventor  of  the  blow-pipe), 
Bergmann,  Kirwan,  and  Klaproth 
belonged,  in  Cuvier's  '  Rapport '  (p. 
163).  Also  his  "  Eloge  de  Haiiy  " 
('Eloges  histor.,'  vol.  iii.  p.  143,  &c.) 
The  beginnings  of  geometrical  crys- 
tallography seem  to  go  back  to  Lin- 
naeus ;  but  his  view  was  discouraged 
in  France  by  Buffon,  who  disliked 
Linnseus's  writings.  Whewell,  who 
was  himself  an  authority  on  crys- 
tallography, thinks  Rom^  de  I'lsle, 
who  was  not  an  Academician,  had 
only  scant  justice  done  to  him  by 
Haiiy  and  his  friends  ('Hist,  of 
the  Induct.  Sciences,'  3rd  ed.,  vol. 
iii.  p.  176).  More  recent  writers, 
such  as  Kobell  ('  Geschichte  der 
Mineralogie,'  Miinchen,  1864,  p.  73, 
&c.)  and   Nicol  (article   "Crystal- 


lography," '  Ency.  Brit.'),  have  done 
him  justice.  The  'Grande  Ency- 
clopedic '  thus  summarises  the  work 
of  Rom^  de  I'lsle :  "II  mesura 
mecaniquement  [viz.,  with  Caran- 
geot's  goniometer]  les  angles  et 
etablit  que  ces  angles  ont  tou jours 
une  valeur  constante  dans  une 
meme  espece  mineralogique."  That 
of  Haiiy  is  summarised  in  the  two 
laws :  "1°,  Tous  les  elements  sem- 
blables  d'un  cristal  sont  toujours 
semblablement  et  simultandment 
modifies  (loi  de  sym^trie) ;  2°,  toute 
facette  modifiante  intercepte  sur 
les  aretes  de  la  figure  primitive 
des  longueurs  proportionelles  h.  des 
multiples  simples  de  la  longueur 
de  ces  aretes  (loi  de  derivation) " 
(Berthelot  in  'Grande  Ency  clop.,* 
vol.  xiii.  p.  397). 
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species,  as  among  organised  beings,  and  it  was  forgot- 
ten that  in   mineralogy  the   principle   is   absent  which 
had  given   birth   to   the  idea  of   species — viz.,  that  of 
generation.     The  principle  of  individuality,  such  as  it  is 
conceived  in  the  organic  world — viz,,  the  unity  of  action 
of  different  organs  which  co-operate  in  the  preservation  of 
the  same  life — can  scarcely  be  admitted  in  mineralogy."^ 
The  Abb^  Hauy,  by  founding  the  science  of  minerals 
on  their  regular  forms  of  crystallisation,  made  mineralogy 
"as  precise  and  methodical  as  astronomy;   in  fact,  we 
can  say  in  one  word  that  he  was  to  Werner^  and  Kome 
de  risle,  his   predecessors,  what  Newton   had   been   to 
Kepler  and  Copernicus."^ 

From  that  well-defined  province  of  science  which  deals 
p?Siiity.  in  a  precise  and  strict  manner  with  the  simple  numerical 
relations  which  seem  to  underlie  all  forms  of  movement 
in  nature,  be  they  on  a  stupendous  or  on  a  minute  scale 


25. 
Theory  of 


^  Cuvier,  "  Eloge  de  Haliy"   in 
*  Eloges  historiques,'  vol.  iii.  p.  155. 

'^  The  character  of  Werner  (1750- 
1815)    is    nowhere   better ,  painted 
than  by  Cuvier  in  his  "  Eloge   de 
Werner"  {loc.  cit.,  vol.  ii.  p.  303,  &c.) 
"  II  commence  I'epoque  la  plus  re- 
marquable  de  la  science  de  la  terre, 
et  meme  Ton   pent  dire  qu'h.  lui 
seul  il  la  remplit.    ...    II  s'est 
form^  des  academies  enti^res,   qui 
ont  pris  son  nom"   (for   instance, 
the  Edinburgh  Wernerian  Society, 
founded  by   Jameson,    1808-1859), 
"comme  si  elles  eussent  voulu  in- 
voquer  son  gdnie  et  s'en  faire  un 
patron  d'une  espece  auparavant  in- 
connue.    Qui  ne  croirait,  h.  entendre 
parler  de  succ^s  si  peu  ordinaires, 
que  ce  fut  quelqu'un  de  ces  hommes 
ardens  a   propager   leur    doctrine, 
qui  par  des  ouvrages  nombieux  et 


eloquens,  ont  subjugu^  leurs  con- 
temporains,  ou  qui  se  sont  procure 
des  partisans  par  I'ascendant  d'une 
grande  richesse  ou  d'une  position 
elev^e  dans  I'ordre  social  ?    Rien  de 
tout  cela  :  confine  dans  une  petite 
ville  de   Saxe,  sans  autorite   dans 
son  pays,  il  n'avait  aucune  influence 
sur  la  fortune  de  ses  disciples  ;  il 
n'entretenait  point  de  liaisons  avec 
des  personues  en  place  :  d'un  nat- 
urel  singuli^rement  timide,  hesitant 
tou jours  h  ecrire,  b,  peine  subsiste- 
t-il  de  lui  quelques  feuilles  d'im- 
pression.    .    .    .    C'est  ainsi  qu'en 
peu    d'ann^es    la    petite  ^cole    de 
Freyberg,  destinee  seulement,  dans 
le     principe,     h,    former    quelques 
mineurs    pour   la  Saxe,   renouvela 
le  spectacle  des  premieres  univer- 
sit^s  du  moyen  S-ge,"  &c.,  &c. 
^  Cuvier,  ibid.,  p.  163. 


— i.e.,  from  the  province  of  mechanics  and  astronomy — 
two  different  roads  lead  into  those  extensive  domains  in 
which,  not  simplicity  and  regularity,  but  endless  variety 
and  complication,  seem  to  be  the  order  and  the  rule  of 
Life.  Even  a  century  ago  the  contrast  must  have  been 
striking  between  the  'Principia '  of  Newton  and  the  '  Ex- 
position du  Systeme  du  Monde '  of  Laplace  on  the  one 
side,  and  the  great  array  of  volumes  of  Linnaeus,  Buffon, 
Jussieu,  Cuvier,  and  Lacepede  on  the  other ;  though  these 
after  all  embraced  only  a  small  portion  of  the  living  forms 
of  nature  which  they  attempted  to  classify  or  to  describe.'^ 
I  have  pointed  out  how  the  new  and  especially  the 
French  methods  of  chemistry  and  crystallography  con- 
quered a  large  portion  of  intermediate  ground,  subjected 
many  tangled  phenomena  to  exact  treatment,  and  pushed 
the  mathematical  method  far  into  the  dominion  of  natural 
history.  It  is  that  other  history,  not  natural,  but  human 
and  often  unnatural,  which  presents  the  opposite  extreme 
of  the  great  panorama  of  world-life.  It  is  significant 
that  almost  at  the  same  time  that  mathematical  reason- 
ing found  its  way  into  natural  history,  conquering  an  ex- 
tensive province  of  its  vast  territory,  an  entirely  different 
method  was  invented  with  the  aim  of  dealing  in  a  still 
more  vigorous  manner  with  the  phenomena  of  human 
life  and  society.     This  was  the  science  of  statistics,  and 


^  Cuvier  gives  some  figures  as  to 
the  increase  of  the  known  species 
•during  his  own  lifetime.  Lacepede 
had  described  about  1200  or  1300 
-distinct  species  of  fishes  ;  but  when 
Cuvier  pronounced  his  Eloge  in 
1826,  the  Cabinet  du  Roi  contained 
already  more  than  6000  species 
((*  Eloges  historiques,' vol.  iii.  p.  317). 


Linnaeus  had  counted  in  1778  about 
8000  species  of  plants.  Cuvier  in 
1824  estimates  the  number  as 
50,000  or  more  (see  'Eloges,'  vol.  iiL 
p.  469,  &c.,  where  he  also  gives  some 
idea  of  the  numbers  of  known 
species  in  the  different  classes  of 
animals). 
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connected  with  it  the  doctrine  of  averages  and  the  mathe- 
matical theory  of  probabilities.^     The  same  great  mind 


*  The  beginnings  of  the  science 
and  theory  of  probabilities  are  not 
subject    to    controversy,    as    were 
those  of  the  infinitesimal  calculus. 
Pascal  and  Fermat  about  the  middle 
of  the  seventeenth  century  entered 
into  a  correspondence  relative  to  a 
question  in  a  game  of  chance,  pro- 
pounded by  the  Chevalier  de  Mer^, 
a  noted  gambler.     They  agreed  in 
their  answer,   but  could  not  con- 
vince their   friend,  who   moreover 
made  this  the  occasion  of  denounc- 
ing the  results  of  science  and  arith- 
metic.    But  this  comparatively  in- 
significant  problem  —  so   difierent 
from  the  great  cosmical  problems 
which  led  to  the  invention  of  the 
infinitesimal    calculus    about    the 
same  time  —  was   the   origin  of  a 
series  of  investigations  and  discus- 
sions in  which  the  greatest  mathe- 
maticians, such  as  Huygens,  James 
and  Daniel  Bernoulli,    De  Moivre, 
D'Alembert,  and  Condorcet  joined. 
Most  of  them  did  not  escape  the 
errors    and    misstatements    which 
creep  in  an  insidious  manner  into 
the  discussion  and  vitiate  the  conclu- 
sions.   In  fact,  the  science  advanced 
through  the  influence  of  those  who 
depreciated  it  like  D'Alembert,  and 
those  who  exaggerated  its  import- 
ance like   Condorcet.      At  length, 
under  the  hands  of  Laplace,  who 
defined  it  as  common -sense  put  into 
figures  and  attributed  to  it  a  high 
educational  value,  it  assumed  a  state 
wellnigh  approaching  to  that  per- 
fection which  Euclid  gave  to  geo- 
metry and  Aristotle  to  logic.    Since 
the  publication  of  Laplace's  cele- 
brated '  Theorie  analy tique  des  Pro- 
babilit^s'  (Paris,  1812)  writers  on 
the  subject  have  found  ample  oc- 
cupation   in    commenting   on    the 
theorems   or  recasting  the    proofs 
given  in  that  work,  which  holds  a 
similar  position  to  that  occupied  in 


another  department  of  mathematics 
by  the  'Disquisitiones  Arithmetical ' 
of  Gauss  (1801).     Up  to  the  pres- 
ent day  there  exist  differences  of 
opinion    as    to   the   value    of    the 
science,  the  two  opposite  views  be- 
ing represented  in  this  country  by 
Mill  ('Logic,'  5th  ed.,  vol.  ii.  p.  62) 
and  Jevons  ('  Principles  of  Science,' 
vol.  i. ),  the  latter  summing  up  his 
opinion  as  follows  :  "  In  spite  of  its 
immense  difficulties  of  application, 
and  the  aspersions  which  have  been 
mistakenly  cast  upon  it,  the  theory 
of  probabilities  is  the  noblest,  as  it 
will  in  course  of  time  prove  perhaps 
the  most  fruitful,  branch  of  mathe- 
matical   science.      It   is   the   very^ 
guide  of  life,  and  hardly  can  we 
take  a  step  or  make  a  decision  of  i 
any  kind  without  correctly  or  in-  / 
correctly  making  an  estimation  oiJ 
probability"  (Ist  ed.,  p.  248).     A 
similar  opinion  seems  to  have  been 
held  by  James  Clerk  Maxwell  (see 
Life  by  Campbell  and  Garnett,  p. 
143),   who   called   the  calculus    of 
probabilities      "  Mathematics      for 
practical  men."     In   this  country 
A.  de  Morgan  and  Todhunter,  the 
former  in  a  popular  essay  in  the 
'Cabinet    Cyclopaedia'    and    in    a 
profound  treatise  in  the  '  Encyclo- 
paedia Metropolitana,'  the  latter  in 
his   well  -  known   History   (London 
and  Cambridge,  1865),  have  done 
a  great  deal  to  make  this  subject 
better  understood.      The    applica- 
tions of  the  theory  have  gradually 
increased  through  numerous  mor- 
tality and  insurance  calculations; 
as  also  in  the  estimations  of  error 
in   astronomical   and  physical    ob- 
servations, where  the   well-known 
method  of  least  squares  (first  em- 
ployed by  Gauss  in  1795,  see  Gauss, 
Werke,  vol.  vii.  p.  242  ;  first  pub- 
lished by  Legendre  in  1806,  and  then 
proved  by  I^place  in  his  *  Theorie,* 


which  elaborated  the  principles  of  Newton  into  a  system 
of  the  universe,  and  attacked  the  intricate  mathematical 
problem  which  this  system  presented,  gave  to  the  world 
likewise  the  first  complete  treatise  on  that  calculus  which 
comes  into  play  if  we  eliminate  from  the  apparently  most 
arbitrary  region  of  phenomena,  that  of  human  life  and 
history,  all  regard  for  final  or  efficient  causes,  for  provi- 
dential design  and  freewill,  for  human  error,  human  malice 
and  benevolence — in  fact,  all  notice  of  that  element  which 
from  another  and  equally  important  point  of  view  forms 
the  subject  of  greatest  interest — the  inner  life  of  the  in- 
dividual. It  was  proposed,  and  it  has  since  been  carried 
out,  to  look  upon  human  beings  and  human  events  not  as 
things  possessed  of  an  inner  world  of  thought  and  freewill, 
but  as  lifeless  units,  more  uniform  and  regular  than  the 
balls  thrown  into  the  urn  at  an  election,  or  the  counters 
in  a  game  of  chance.  By  overstepping  with  one  bound 
the  great  field  of  human  activity,  full  of  so  much  con- 
fusion and  so  much  interest,  it  was  proposed  to  investi- 
gate what  knowledge  would  result  from  a  purely  mathe- 
matical inspection,  in  which  human  beings  figured  merely 
as  units  and  symbols.^     This  attempt,  which  has  since 


&c.,  1812)  is  now  extensively  em- 
ployed. Of  this  branch  of  mathe- 
matics Bertrand  says :  "  Les  plus 
grands  g^ometres  ont  dcrit  sur  le 
calcul  des  probabilites ;  presque 
tous  ont  commis  des  erreurs :  la 
cause  en  est,  le  plus  sou  vent,  au 
ddsir  d'appliquer  des  principes  h, 
des  problemes  qui  par  leur  nature 
^chappent  k  la  science."  In  the 
hands  of  Clerk  Maxwell  the  cal- 
culus has  acquired  an  additional 
interest  and  importance  through 
the  distinction  which  he  made  be- 
tween what  he  termed  the  "histori- 


cal" and  the  "statistical  method'* 
of  treating  phenomena,  and  the 
application  of  the  latter  to  the 
kinetic  theory  of  gases  (see  Life,, 
pp.  438,  562).  This  subject  will 
occupy  our  attention  in  a  special 
chapter. 

1  The  beginnings  of  the  science  of 
statistics  belong  likewise  to  the  age 
that  produced  the  higher  mathema- 
tics. More  extensive  "countings'* 
seem  to  have  been  contemporaneous 
with  more  refined  calculations.  Her- 
mann Conring,  professor  at  Helm- 
stadt,  a  friend  of  Leibniz  (see  Leib- 
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led  to  such  interesting  results,  and  which  has  furnished 
almost  all  the  knowledge  upon  which  a  judicious  regula- 
tion and  government  of  society  depends,  was  the  work  of 
Laplace,  and  was  produced  in  an  age  and  in  a  nation 
which  seemed  to  have  set  at  naught  all  ideas  of  order  and 
method  in  human  affairs,  which  defied  all  authority  and 
all  tradition,  and  trusted  its  fate  to  the  most  radical 
revolution  which  civilised  society  ever  witnessed.^ 

It  is  curious  to  read  the  criticism  which  the  first 
Napoleon,  that  wayward  child  of  the  Kevolution,  passed 
on  the  author  of  the  mechanics  of  the  heavens  and  the 
theory  of  probability.  Laplace,  like  so  many  other  men 
of  science,  had  been  called  by  the  Emperor  to  assist  in 
the  labours  of  administration,  but,  according  to  his  judg- 
ment, proved  himself  a  poor  administrator,  being  unable 


iiiz's  '  Philosophische  Schriften,'  ed. 
Gerhardt,  vol.  i.  p.  155),  lectured 
About  1660  on  subjects  now  com- 
prised under  the  term  "  Statistics," 
And  about  the  same  time  John  Graunt 
^f  London  published  '  Natural  and 
Political    Annotations   made   upon 
the  Bills  of  Mortality  '  (1666).     Sir 
William  Petty,  one  of  the  founders 
.of  the  Royal  Society,  published  in 
1683     'Five    Essays    in     Political 
Arithmetick.'     The  newly  discov- 
ered  calculus   of    probabilities    in- 
duced mathematicians  to  take  an  in- 
terest in  the  subject,  and  to  urge  the 
^desirability  of  gaining  data  for  their 
calculations.    Many  of  these  turned 
upon    questions   of    mortality   and 
the  ravages  of  diseases,  such  as  the 
smallpox.      But    though    undoubt- 
.edly    the    fact    that    during    the 
French  Revolution  mathematicians 
ior  the  first  time  had  a  great  in- 
fluence in  administrative  and  gov- 
ernmental     matters      contributed 
enormously  to  the  introduction  of 
-Statistical  methods,  the  great  epoch 


in  this  science  is  allied  with  the 
name  of  the  Belgian  Quetelet 
(1796-1874),  of  whom  more  later 
on. 

1  Cantor  ( '  Historische  Notizen 
liber  die  Wahrscheinlichkeitsrech- 
nung,'  Halle,  1874,  p.  6)  says: 
"The  tendency  of  thought  which 
prepared  the  Revolution,  and  which 
is  marked  by  an  unsparing  and  de- 
structive criticism  of  the  conditions 
of  society  in  state  and  family,  could 
not  dispense  with  an  instrument 
which,  more  than  any  other,  enables 
one  to  subject  to  general  views  the 
most  different  factors  of  civilisation. 
It  belonged  to  the  favourite  ideas  of 
that  age,  that  the  calculus  of  proba- 
bilities should  be  among  the  most 
important  subjects  of  public  in- 
struction ;  for  it  was  said  to  be  the 
calculus  of  common-sense,  through 
which  alone  the  influence  of  hope, 
fear,  and  emotion  on  our  judgment 
could  be  destroyed,  and  prejudice 
and  superstition  removed  from  the 
decisions  of  social  life. " 
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to  grasp  practical  issues,  and  always  descending  into  in- 
finitesimals. It  is  hardly  to  be  doubted  now,  after  the 
lapse  of  a  century,  that  the  infinitesimals  of  Laplace  play 
a  more  important  part  in  problems  of  administration  and 
government  than  the  ideas  of  Napoleon.  Laplace,  un- 
like some  other  great  scientific  thinkers,  attached  great 
value  to  a  popular  exposition  of  the  principles  of  his  dis- 
coveries. Descartes  required  a  Fontenelle  and  Newton  a 
Voltaire  to  make  their  ideas  accessible  and  useful  to  the 
mass  of  students.  Laplace  was  his  own  Fontenelle  and 
Yoltaire.  "  Few  works,"  says  Sir  John  Herschel,  "  have 
been  more  extensively  read,  or  more  generally  appreciated, 
than  Laplace's  '  Essai  philosophique  sur  les  Probabilites,' 
and  that  on  the  '  Systeme  du  Monde '  by  the  same  author. 
It  is  not,  perhaps,  too  much  to  say  that  were  all  the 
literature  of  Europe  to  perish,  these  two  essays  excepted, 
they  would  suffice  to  convey  to  the  latest  posterity  an 
impression  of  the  intellectual  greatness  of  the  age  which 
could  produce  them,  surpassing  that  afforded  by  all  the 
monuments  antiquity  has  left  us.  Previous  to  the  pub- 
lication of  the  '  Essai  philosophique,'  few,  except  professed 
mathematicians  or  persons  conversant  with  assurances 
and  similar  commercial  risks,  possessed  any  knowledge  of 
the  principles  of  this  calculus,  or  troubled  themselves 
about  its  conclusions,  regarding  them  as  merely  curious 
and  perhaps  not  altogether  harmless  speculations.  Thence- 
forward, however,  apathy  was  speedily  exchanged  for  a 
lively  and  increasing  desire  to  know  something  of  a  system 
of  reasoning  which  for  the  first  time  seemed  to  afford  a 
handle  for  some  kind  of  exact  inquiry  into  matters  no  one 
had  ever  expected  to  see  reduced  to  calculation,  and  bear- 
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ing  on  the  most  important  concerns  of  life.     Men  began 
to  hear  with  surprise,  not  unmingled  with  some  vague 
hope  of  ultimate  benefit,  that  not  only  births,  deaths,  and 
marriages,  but -the  decisions  of  tribunals,  the  results  of 
popular  elections,  the  influence  of  punishments  in  check- 
ing crime,  the  comparative  value  of  medical  remedies  and 
different  modes   of   treatment  of   diseases,  the  probable 
limits  of  error  in  numerical  results  in  every  department 
of   physical  inquiry,   the   detection  of   causes,  physical, 
social,  and  moral— nay,  even  the  weight  of  evidence  and 
the  validity  of  logical  argument — might  come  to  be  sur- 
veyed with  that  lynx-eyed  scrutiny  of  a  dispassionate 
analysis,  which,  if  not  at  once  leading  to  the  discovery  of 
positive  truth,  would  at  least  secure  the  detection  and 
proscription  of  many  mischievous  and  besetting  fallacies." 
Both  ways  of  approaching  the  intricate  phenomena  of 
nature  and  history,  that  of  mechanics  dealing  with  the 
general  laws  of  motion  and  of  lifeless  masses,  and  that 
of  statistics  dealing  with  the  arithmetical  properties  of 
large  numbers  of  units,  leave  out  of  consideration  that 
hidden  and  mysterious  phenomenon  to  which  alone  is 
attached,  if    not    order   and   method,   yet   certainly   all 
that  commands  interest  in  the  created  world :  the  factor 
2g^       of  life— the  existence  of  individuality.     The  view  which 
^S^^'liis     Laplace  took  of  the  universe  or  of  human  affairs  is  an 
dlsregl^^..    attempt  to  see  how  far  science  and  reasoning   can   go 
dfieonr'  ^y^iiq  disregarding  the  principle  of  individuality.^     The 

dividuality.     ""    '^  o  o  j- 


1  See  Clerk  Maxwell  on  *  Science 
and  Freewill'  (Life  by  Campbell 
and  Gamett,  p.  438) :  **  Two  kinds 
of  knowledge,  which  we  may  call  for 
convenience  dynamical  and  statis- 
tical.     The  statistical  method  of 


investigating  social  questions  has 
Laplace  for  its  most  scientific  and 
Buckle  for  its  most  popular  ex- 
pounder. Persons  are  grouped 
according  to  some  characteristic, 
and  the  number  of  persons  forming 


method  has  been  most  fruitful,  and,  far  from  being  ex- 
hausted, promises  undreamt  of  results  in  the  future.  It 
was  probably  more  from  the  desire  to  keep  his  view 
clear  and  his  method  simple,  than  with  any  necessarily 
sceptical  tendency,  that  when  Laplace  was  questioned  by 
Napoleon  how  it  was  that  in  the  great  volumes  of  the 
'  Mecanique  celeste '  the  name  of  God  did  not  appear,  he 
replied,  "  Sire,  je  n'ai  pas  besoin  de  cette  hypoth^se." 

But  French  science  did  not  leave  that  great  field  of       27. 

Individu- 

research  uncultivated,  which  is  the  very  playground  of  f^^l^^^^ 
individual   life.     Its  cultivation  was  the  work  of   that  i^*'scienc''e3 
other  great  representative  of  French  science — the  con-  ° 
temporary  of  Laplace — Georges  Cuvier.^     Linnaeus  had 


the  group  is  set  down  under  that 
characteristic.  This  is  the  raw 
material  from  which  the  statist 
endeavours  to  deduce  general  theo- 
rems in  sociology.  Other  students 
of  human  nature  proceed  on  a  dif- 
ferent plan.  They  observe  indi- 
vidual men,  ascertain  their  history, 
analyse  their  motives,  and  compare 
their  expectation  of  what  they  will 
do  with  their  actual  conduct.  This 
may  be  called  the  dynamical  method 
of  study  as  applied  to  man.  How- 
ever imperfect  the  dynamical  study 
of  man  may  be  in  practice,  it  evi- 
dently is  the  only  perfect  method 
in  principle,  and  its  shortcomings 
arise  from  the  limitation  of  our 
powers  rather  than  from  a  faulty 
method  of  procedure.  If  we  be- 
take ourselves  to  the  statistical 
method,  we  do  so  confessing  that 
we  are  unable  to  follow  the  details 
of  each  individual  case,  and  expect- 
ing that  the  effects  of  widespread 
causes,  though  very  different  in  each 
individual,  will  produce  an  average 
result  on  the  whole  nation,  from  a 
study  of  which  we  may  estimate 
the  character  and  propensities  of 


an  imaginary  being  called  the  Mean 
Man." 

^  It  is  not  necessary  here  to  ex- 
plain the  reasons  which  have  in- 
duced me  to  confine  myself  mainly 
to  the  two  great  names  of  Laplace 
and  Cuvier  as  the  great  repre- 
sentatives of  the  exact  scientific 
spirit,  as  it  first  asserted  its  su- 
premacy in  France,  and  from  there 
gradually  fought  its  way  all  over 
Europe.  To  me  it  seems  that  no- 
where has  this  modern  scientific 
spirit  been  represented  in  greater 
completeness  and  greater  purity. 
This  is  so  much  the  more  remark- 
able, as  other  influences  and  tempta- 
tions were  not  wanting  in  that  age 
and  country  which  might  have  in- 
terfered with  the  application  of 
the  purely  scientific  method.  The 
scientific  spirit  is  in  danger  of  being 
contaminated  by  two  interests  which 
are  essentially  foreign  to  it :  the 
one  is  the  practical,  the  other  the 
philosophical.  Frequently  they  are 
united ;  and  when  united  their  influ- 
ence on  the  progress  of  science  has 
frequently  been  disastrous.  In  no 
department  of  knowledge  has  this 
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begun  the  work  of  natural  history  by  inventing  a  system 
of  classification  and  a  technical  language  or  nomenclature. 
Buffon  in  his  brilliant  and  elegant  portraits  had  cast  around 
it  the  charms  of  poetry  and  romance.  Jussieu  had  im- 
ported botany  from  Sweden  into  France,  and  in  the  garden 
of  Trianon  had  given  a  living  model  of  the  arrangement 
of  plants;  botanising  had  become  popular  through  the 

psychological   as    a    physical   side, 
and    a    philanthropic   as   much    as 
a  scientitic  interest.     In  respect  of 
this  it  is  well  to  note  that  the  age 
and  country  which  gave  to  Europe 
the  great  models  of  purely  scientific 
research  in  Laplace  and  Cuvier  was 
rich    also    in    great    thinkers    who 
applied    themselves    in    a   philoso- 
phical spirit  to  the  advancement  of 
scientific  and  practical  medicine,  to 
the  reform  of  hospitals,  to  the  care 
of  the  insane,  to  the  education  of 
the   deaf  and   dumb.     The  whole 
school  of  the  ideologues,  headed  by 
Condorcet,    Cabanis,    and    Destutt 
de   Tracy,  was  closely  allied  with 
the  medical  profession.     But  how- 
ever important  this  side  of  French 
thought    may    have    been,    its    in- 
fluence on  the  rest  of  Europe  at 
that    time    cannot    be    compared 
with  that  of  the  purely  scientific 
writings  belonging  to  mathematics 
and  natural  science.     Such  names 
as  Cabanis   and   Bichat   belong  to 
a    different    current    of    European 
thought,  which  I  purposely  separate 
from  the  exact  or  purely  scientific. 
And  this  separation  is  justified  his- 
torically by  the  fact   that   in   the 
Academic  des  Sciences  for  a  con- 
siderable time  medical  science  was 
only  meagrely  represented,  whilst 
philosophy  during  the  period  of  the 
suppression   of    the   Acaddmie   des 
Sciences  morales  et  politiques,  from 
1803-1832,    had    no    academic    re- 
presentation   at    all.      The    great 
name  of  Bichat  is  not  among  the 
Academicians,  and   Cuvier  himself 


union  of  the  practical  and  philo- 
sophical spirit  been   more   marked 
than  in  the  medical  sciences.    Essen - 
tiallv  interested  as  it  is  in  the  im- 
mediate  application  of  scientific  dis- 
coveries to  the  needs  of  suffering 
mankind,  we  witness  in  the  course 
of  the  seventeenth  and  eighteenth 
centuries  a  one-sided  alliance  of  the 
art  of  healing  with  chemistry  (Sylvi- 
us, 1814-1672),  with  physics  (Borelli, 
1608-1679),  and  with  mechanics  (Pit- 
cairn,  1652-1713),  and  the  reaction 
of  the  animists  (Stahl,  1660-1734, 
and  Hoffmann,  1660-1742),  and  the 
vitalists  (Bordeu,   1722-1776,    and 
Barthez,  1734-1806).     A  large  por- 
tion of  the  history  of  medicine  (see 
Haeser,  '  Geschichte  der  Medicin,' 
Jena,  1881,  vol.  ii.,  and  Guardia, 
'  Histoire   de   la   Medecine,'  Paris, 
1884)  consists  in  the  account  of  the 
opposition  to  premature  generalisa- 
tions, adopted  from  other  sciences, 
or  still  more  dangerously  from  meta- 
physics.    As  examples  of  the  meta- 
physical tendency  we  have  the  Scotch 
systems  of  CuUen  and  Brown,  and 
the  German  "Philosophy  of  Nature." 
The  reasons  why  philosophy  has  so 
frequently  allied  itself  with  medi- 
cine,   thus   preventing   the   purely 
scientific   spirit   from    gaining    ad- 
mission,    are     twofold.       "  Young 
men,"  says   Cuvier,  "adopt   these 
theories  with   enthusiasm,  because 
they  seem  to  abridge  their  studies 
and  to  give  a  thread  in  an  almost 
inextricable  labyrinth"  ('Rapport,' 
p.  383).     The  other  reason  is  that 
the  art  of  healing  has  as  much  a 


writings  of  Eousseau ;  gardening  and  the  study  of  plant- 
life  had  become  a  royal  pastime,  and  a  favourite  recrea- 
tion for  those  oppressed  with  the  troubles  of  the  State 
or  the  sorrows  of  private  life.  Cuvier,  while  asking  the 
reason  why  other  portions  of  natural  history  had  not 
shared  the  same  attention,  breaks  out  into  the  following 
eloquent  words :  "  The  study  of  animals  presents  diffi- 


explains  the  exclusive  attitude  of 
the  Academy  to  the  medical  pro- 
fession in  his  Eloges  of  Halle,  Cor- 
visart,  and  Pinel  ('Eloges,'  vol.  iii.  p. 
339,  &c. )  See  also  Maury  (p.  304) : 
"  Les  sciences  physiques,  chimiques 
et  naturelles  avaient  pris  une  telle 
extension  dans  les  travaux  de 
I'Acaddmie,  qu'h  la  fin  du  dix- 
huiti^me  si^le,  la  medecine,  qui 
n'y  avait  jamais  ^te  au  reste  bien 
largement  representee,  fut  de  plus 
en  plus  relegu^e  h,  I'arri^re  plan  ; 
ce  n'etait  plus  que  de  loin  en  loin 
que  les  medecins,  les  chirurgiens  de 
la  Compagnie,  .  .  .  y  pr^sentaient 
des  observations  sur  des  points 
medicaux.  ...  La  medecine,  qui, 
selon  la  juste  observation  de  Cabanis, 
tend  aux  hypotheses  par  la  nature 
meme  du  sujet  auquelelles'applique, 
n'offrait  point  assez  de  Constance 
dans  ses  principes  et  d'^vidence 
dans  ses  demonstrations  pour  satis- 
faire  des  esprits  qui  se  ddtachaient 
tons  les  jours  davantage  des  vieilles 
speculations  de  I'dcole.  C'est  ce  qui 
explique  le  peu  de  faveur  qu'elle 
rencontrait  h  1' Acad^mie."  To  what 
extent  this  rigid  demarcation,  ac- 
cording to  which  '*  observations 
relatives  aux  dispositions  morales 
et  intellectuelles  des  individus 
n'entrent  assurement  dans  les 
attributions  d'aucune  academie  des 
sciences  "  ('  Memoires  de  I'lnstitut,' 
vol.  ix.  p.  110),  was  beneficial  to 
medical  science  is  an  important 
question.  In  the  organisation  of 
the  Institute  of  the  3rd  brumaire,  an 
iv.  (25th  October  1795),  there  are 


awarded  out  of  60  members  only  6 
to  medicine  and  surgery  combined, 
and  in  the  "  nouvelle  organisation  " 
of  3rd  pluviose,  an  xi.  (23rd  January 
1803),  there  are  6  members  out  of 
63.  This  section  is  given  as  the  last, 
even  after  "  ^conomie  rurale  et  art 
v^terinaire"(see  Aucoc,  'L'Institut,* 
p.  3,  &c. )  It  is  interesting  to  note 
how  in  contrast  to  this  the  medical 
profession  occupied  for  a  long  period 
a  foremost  place  in  the  Royal  Society 
of  London,  so  much  so  that  fre- 
quently opposition  was  made  to  the 
admission  of  new  members  belong- 
ing to  it  (see  Weld,  *  History  of  the 
Royal  Society,'  vol.  i.  chap.  4  ;  vol. 
ii.  p.  153).  Of  5336  papers  contained 
in  the  '  Philosophical  Transactions  ' 
from  1665  to  1848,  1020,  the  largest 
number  in  any  department,'belonged 
to  anatomy,  physiology,  and  medi- 
cine (ibid.,  vol.  ii.  p.  565).  Babbage 
complained  of  the  influence  of  the 
Colleges  of  Physicians  and  Surgeons 
in  the  Royal  Society,  as  occasionally 
filling  the  pages  of  the  'Transac- 
tions '  with  medical  papers  of  very 
moderate  merit ;  and  also  because 
the  preponderance  of  the  medical 
interest  introduces  into  the  Society 
some  of  the  jealousies  of  that  pro- 
fession ('  Decline  of  Science  in  Eng- 
land,' 1830,  p.  188).  In  the  founda- 
tion of  the  British  Association  this 
union  with  the  medical  interest 
was  dropped ;  though  the  older 
"  Versammlung  deutscher  Natur- 
forscher  und  Arzte,"  after  which 
it  was  modelled,  established  and 
maintained  that  union. 
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28. 
Into  this 
centre 
Cuvier  car- 
ried exact 
research. 


culties  which  only  great   zeal   can   surmount;  we  have 
to  subject  them  to  torments  in  order  to  appreciate  their 
physical  powers;   their   innermost  energies  only  reveal 
themselves  to  the  dissecting-knif e  — only  by  living  among 
corpses  can  we  discover  them.     Among  them  we  find  the 
same  spectacle  as  in  the  world,  whatever  moralists  may 
say :  they  are  hardly  less  wicked  or  less  unhappy  than 
we  are;  the  arrogance  of   the  strong,  the  meanness  of 
the  weak,  vile  rapacity,  short  pleasures  bought  by  great 
efforts — death  brought  on  by  long  suffering — that  is  the 
rule    among    animals   as   much   as   among  men.     With 
plants    existence   is   not   surrounded   by   pain — no    sad 
image  tarnishes  their  splendour  before  our  eyes,  nothing 
reminds  us  of  our  passions,  our  cares,  our  misfortunes — 
love  is  there  without  jealousy,  beauty  without  vanity, 
force  without  tyranny,  death  without  anguish — nothing 
resembles  human  nature."  ^ 

Into  the  centre  of  individual  and  organised  life — the 
life  of  the  animal  and  human  creation — Cuvier  carried 
exact  research,  grounding  it  on  the  science  of  compara- 
tive anatomy.^  At  the  same  time,  he  marked  out  as  the 
principal  problem,  around  which  all  investigations  must 
turn,   and   upon   which  all  classification   must    depend, 

ogy  inarch  side  by  side  (p.  vi).  He 
compares  natural  history  as  a  science 
with  other  sciences,  stating  that 
dynamics  is  become  a  science  almost 
entirely  of  calculation,  that  cBem- 
istry  is  still  a  science  altogether  of 
experiments,  that  natural  history 
will  for  a  long  time  to  come  remain 
in  most  of  its  parts  a  science  of  ob- 
servation (p.  5) ;  he  maintains  that 
geometry  is  a  study  of  syllogisms, 
natural  history  a  study  of  method 
(p.  xviii). 


^  'ElogeshistoriqueSj'vol.  i.  p.  91. 

2  Cuvier,  in  the  Introduction  to 
*  Le  R^gne  animal,  distribud  d'apres 
son  organisation,  pour  servir  de  base 
II  I'histoire  naturelle  des  animaux 
et  d'introduction  h.  I'anatomie  com- 
part' (Paris,  1817),  says  that  for 
thirty  years  he  had  devoted  to  com- 
parative anatomy  all  his  time  (p. 
v),  that  the  first  results  had  ap- 
peared in  1795,  his  *  Lecjons  d' Ana- 
tomic comparde'  in  1800  (p.  vii), 
that  he  has  made  anatomy  and  zool- 


the  phenomenon  of  individual  life,  that  great  vortex  into 
which  agencies,  processes,  and  the  elements  of  inorganic 
nature  are  continually  drawn,  from  which  they  are  con- 
tinually ejected,  preserving  not  the  unity  of  substance 
but,  among  changing  events,  the  unity  of  form.^ 

"  It  is  not,"  he  says,  "  in  the  substance  that  in  plants 
and  animals  the  identity  of  the  species  is  manifested,  it  is 
in  the  form.  There  are  probably  not  two  men,  two  oaks, 
two  rose-trees,  which  have  the  compound  elements  of 
their  bodies  in  the  same  proportion — and  even  these 
elements  change  without  end,  they  circulate  rather  than 
reside  in  that  abstract  and  figured  space  which  we  call 
the  form ;  in  a  few  years  probably  there  is  not  left  one 
atom  of  that  which  constitutes  our  body  to-day — only  the 
form  is  persistent ;  the  form  alone  perpetuates  in  multiply- 
ing itself ;  transmitted  by  the  mysterious  operation  which 
we  call  generation  to  an  endless  series  of  individuals,  it 
will  attract  successively  to  itself  numberless  molecules  of 
different  matter,  all  of  them  merely  transient."  ^ 


^  "  La  vie  est  done  un  tourbillon 
plus  ou  moins  rapide,  plus  ou  moins 
compliqud,  dont  la  direction  est 
constante,  et  qui  entraine  toujours 
des  molecules  de  memes  sortes, 
mais  ou  les  molecules  individuelles 
entrent  et  d'oii  elles  sortent  con- 
tinuellement,  de  mani^re  que  la 
forme  du  corps  vivant  lui  est  plus 
essentielle  que  la  matiere"  ('R^gne 
animal,'  p.  13,  &c.)  "II  vient 
sans  cesse  des  Elements  du  dehors 
en  dedans  :  il  s'en  echappe  du  de- 
dans au  dehors :  toutes  les  parties 
sont  dans  un  tourbillon  continuel, 
qui  est  une  condition  essentielle  du 
phenom^ne,  et  que  nous  ne  pouvons 
suspendre  longtemps  sans  I'arreter 
pour  jamais.  Les  branches  les  plus 
simples  de  I'histoire  naturelle  par- 

VOL.  I. 


ticipent  dejb,  h.  cette  complication 
et  k  ce  mouvement  perpetuel,  qui 
rendent  si  dijficile  I'application  des 
sciences  gdn^rales  "  ('Rapport,*  p.  150, 
&c.)  "  Dans  les  corps  vi  vans  chaque 
partie  a  sa  composition  propre  et 
distincte ;  aucune  de  leurs  mole- 
cules ne  reste  en  place ;  toutes 
entrent  et  sortent  successivement : 
la  vie  est  un  tourbillon  continuel, 
dont  la  direction,  toute  compliquee 
qu'elle  est,  demeure  constante,  ainsi 
que  I'esp^ce  des  molecules  qui  y 
sont  entrainees,  mais  non  les  mole- 
cules individuelles  elles-memes.  .  .  . 
Ainsi  la  forme  de  ces  corps  leur  est 
plus  essentielle  que  leur  matiere," 
&c.  (ibid.,  p.  200). 

^  *  Eloges  historiques,'  vol.  iii.  p. 
156. 
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Keeping  this  unity  of  form,  this  absorbing  vortex  of 
life,  the  totality  of  organisation,  always  before  him, 
Cuvier,  in  surveying  the  whole  region  of  animated 
nature,^  fixes  finally  for  the  purposes  of  classification  and 
division  on  that  system  of  organs  which  expresses  most 
truly  the  peculiarity  of  each  of  the  great  branches  into 
which  he  divides  the  animal  world — namely,  the  nervous 
system.^     But  rather  than  follow  him  at  present  into  the 


^  "  La  partie  anatomique  du  prob- 
leme  general  de  la  vie  est  r^olue 
depuis  longtemps  pour  les  animaux, 
au  moins  pour  ceux  d'entre  eux  qui 
nous  int^ressent  le  plus.  Les  voies 
que  les  substances  y  parcourent, 
sont  connues ;  .  .  .  il  aper9oit 
aussi  comment  ces  routes,  si  com- 
pliqu^es  dans  I'homme,  se  simpli- 
fient  par  degr^  dans  les  animaux 
inf  erieurs,  et  finissent  par  se  reduire 
k  une  spongiosit^  uniforme.  Les 
recherches  de  M.  Cuvier — dans  les 
le9ons  d'anatomie  comparde — ont 
achev^  d'assigner  a  chaque  animal 
sa  place  dans  la  grande  ^chelle  des 
complications  de  structure"  ('Rap- 
port,' p.  202,  &c.) 

2  It  is  not  my  object  here  to  give 
an  account  of  the  views  of  Cuvier, 
still  less  of  his  contributions  to 
natural  history,  which — in  spite  of 
the  special  theories  and  laws  which 
he  and  his  followers  established  (see 
especially  Flourens,  '  Histoire  des 
Travaux  de  Georges  Cuvier,'  3*"® 
^d.,  1858) — remained  in  his  hands 
to  the  last  pre-eminently  a  science 
of  observation.  It  has  been  pointed 
out  that  Cuvier  only  gradually  (pro- 
bably about  1812)  arrived  at  the  final 
principle  of  division — viz.,  the  ner- 
vous system — and  that  he  adopted 
it  from  others  (notably  Virey  and 
De  Blainville),  that  before  1812  he 
had  successively  used  the  organs  of 
generation  (1795),  of  nutrition,  and 
of  circulation  as  principles  of  clas- 
sification.   In  his  Report  of  1808, 


in  mentioning  his  own  labours,  he 
says:  "  M.  Cuvier,  en  ^tudiant  la 
physiologie  des  animaux  vert^bres, 
a  trouve  dans  la  quantite  respective 
de  leur  respiration,  la  raison  de  leur 
quantity  de  mouvemeus,  et  par  con- 
sequent de  I'espece  de  ces  mouve- 
mens.    ...    En  efiet,  M.  Cuvier, 
ayant  examind  les  modifications  qu' 
eprouvent  dans  les  animaux   sans 
vertdbres  les  organes  de  la  circula- 
tion, de  la  respiration,  et  des  sensa- 
tions, et  ayant  calculi  les  resultats 
necessaires  de  ces  modifications,  en 
a  ddduit  une  division  nouvelle  ou 
ces  animaux   sont  ranges   suivant 
leurs  vdritables   rapports"  ('Rap- 
port,' p.   311,  &c.)     Compare  also 
Carus,   'Geschichte   der   Zoologie,' 
Miinchen,  1872,  p.  602  ;  Flourens, 
"  Eloge  de  Cuvier,"  in  his  *  JLloges 
historiques,'  3™«  sdrie,  Paris,  1862, 
p.  122,  &c.  ;  Hahn  in  the  '  Grande 
EncyclopMie,'  article  " Cuvier."  See 
also  the  Introduction  to  the  '  Regne 
animal,'  which  proposes  to  arrange 
living  beings  according  to  their  "  or- 
ganisation," by  investigating  their 
•'  structure,"  their  "internal  as  well 
as  external  conformation."     Cuvier 
here  states  that  no  one  before  had 
tried   to  arrange   the    classes   and 
orders  according  to  the  "  ensemble 
de  la  structure  "  (p.  vi).     He  is  thus 
led  to  the  law  of  the  "  subordination 
des  caract^res,    .    .    .    ayant  soin 
d'dtablir    toujours    la    correspond- 
ance  des  formes  extdrieures  et  in- 
tdrieures  qui,  les  unes  comme  les 


details  of  his  natural  history,  his  comparative  anatomy, 
or  his  palaeontology,  of  which  latter  sciences  he  is  the 
creator,  it  serves  our  present  purpose  better  to  learn  how 
he  viewed  the  object  of  natural  science  in  general — how 
he  defined  its  task.  As  the  first  step  in  civilisation  was 
the  creation  of  a  language  possessing  definite  rules,  so 
the  first  step  in  the  growth  of  a  science  is  that  taken  by 
Linnaeus,  who  was  not  terrified  by  this  enormous  work, 
that  of  giving  names,  of  framing  a  nomenclature.^  "  But," 
says  Cuvier,  "  to  name  well,  you  must  know  well.     These 


autres,  font  partie  int^grante  de 
I'essence  de  chaque  animal "  (p.  xiv). 
He  opposes  former  artificial  classifi- 
cations, such  as  the  principle  that 
living  beings  can  be  arranged  "  de 
maniere  a  former  des  etres  une 
seule  ligne"  (p.  xx).  "Un  etre 
organist  est  un  tout  unique,  un 
ensemble  de  parties  qui  reagissent 
les  unes  sur  les  autres  pour  produire 
un  eflfet  commun.  Nulle  de  ses 
parties  ne  pent  done  etre  modifi^e 
essentiellement  sans  que  toutes  les 
autres  ne  s'en  ressentent "  (*  Eloges,' 
vol.  ii.  p.  279). 

^  The  formation  of  a  nomencla- 
ture or  a  terminology  is  one  of  the 
most  important  steps  in  the  begin- 
ning and  the  progress  of  science. 
Cuvier  refers  frequently  to  this: 
"Nos  livres  saints,  a  leur  d^but, 
nous  repre'sentent  le  Createur  fais- 
ant  passer  ses  ouvrages  sous  les 
yeux  du  premier  homme,  et  lui 
ordonnant  de  leur  imposer  des 
noms.  .  .  .  Ces  noms,  qu'il  est 
present  h,  I'homme  d'imposer,  ne 
sont  pas  des  signes  incoherens  ap- 
pliques au  hasard  h,  queiques  objets 
isoles.  Pour  qu'ils  deviennent  r^- 
guliers  et  significatifs,  ils  exigent, 
comme  il  est  dit,  que  les  etres  aient 
passe  devant  le  nomenclateur " 
('  Eloges,'  vol.  iii.  pp.  450,  452).  No- 
where is  terminology  more  import- 


ant than  in  chemistry.     "  L'un  des 
moyeus  qui  ont  le  plus  puissamment 
contribud  a  faciliter  I'enseignement 
de  la  science  en  gdndral,  et  k  pre- 
parer I'adoption   universelle  de   la 
theorie   nouvelle,   c'est  la   nomen- 
clature crede  par  cette  socidtd  de 
chimiste8fran9ais.  .  .  .  Donneraux 
dldmens     des    noms    simples ;     en 
deriver,  pour  les  combinaisons,  des 
noms,  qui  exprimassent  I'espece  et 
la  proportion  des  eldmens  qui  les 
constituent,   c'etait  offrir  d'avance 
a  I'esprit  le  tableau  abregd  des  re- 
sultats  de  la  science,  c'etait  fournir 
a  la  mdnioire  le  moyen  de  rappeler 
par  les  noms  la  nature  meme  des 
objets.     C'est  ce  que  M.   Guyton 
de  Morveau  proposa  le  premier  d^s 
1781,  et  ce  qui  fut  completement 
execute  par  lui  et  par  ses  coUegues 
en,  1787"  ('Rapport,'  p.  88,  &c.)    Cf. 
*  Eloges,'  vol.  iii.  pp.  194,  482,  496. 
Cuvier  (*  Eloges,'  vol.   iii.   p.   302) 
mentions   **  cette   antipathic   pour 
les  methodes  et  pour  une  nomencla- 
ture precise  a  laquelle  Buffbn  s'est 
laisse  aller  en  tant  d'endroits  "  ;  he 
speaks  of  Pinel  **qui  avait  cherchd 
d'abord  a  former  pour  les  descrip- 
tions des  maladies  un  langage  pre- 
cis, modele  sur  celui  que  Linnaeus 
avait  introduit  en  botanique"  (ibid., 
voL  iii.  p.  386). 
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beings  and  their  parts  which  are  to  be  known  are  to  be 
counted  by  the  million ;  it  is  not  enough  to  know  them 
singly,  for  they  are  submitted  to  an  order,  to  mutual 
relations,  which  must  likewise  be  appreciated,  for  it  is 
according  to  this  order  that  each  has  its  part  to  play, 
that  each  disappears  at  its  tim(:,  that  they  reappear  simi- 
larly made,  always  in  the  same  proportions,  and  armed 
with  the  necessary  forces  and  faculties  for  the  main- 
tenance of  these  proportions,  and  of  the  whole  of  this 
perpetual  vortex.  Not  only  is  each  being  an  organism, 
the  whole  universe  is  one,  but  many  million  times  more 
complicated;  and  that  which  the  anatomist  does  for 
a  single  animal — for  the  microcosm — the  naturalist  is 
to  do  for  the  macrocosm,  for  the  universal  animal, 
for   the  play   of    this   alarming    aggregation   of   partial 

organisms."  ^ 

It  was  this  sustained  regard  for  the  value  of  detailed 
research  and  minute  observation,  coupled  with  an  equal 
appreciation   of   the   unity   of   all   regions   of  existence, 
and  all  branches   of   learning,  that  elevated   Cuvier  to 
the  height  of   the  science   of  his  age  and  his  country, 
and  made  him  a  true  exponent  of  the  modern  scientific 
spirit.     The  works  of  Newton  and  Laplace  may  contain 
more  formulae  of  lasting  value,  more  instruments  of  per- 
manent scientific  use— they  may,  for  all  time,  have  traced 
a  few  lines  of  the  enwoven  cipher  of  the  all-pervading 
mechanism  of  nature ;  it  is,  however,  well  to  note  that  he 
only  who  keeps  in  steadfast  view  the  life  rather  than  the 
mechanism  of  existence,  approaches  the  great  secret  of 
nature,  and  gauges  rightly  the  value  of  each  component 

1  Cuvier,  *Eloges  historiques, '  vol.  iii.  p.  453. 


part,  or  the  worth  of  each  human  effort.^  In  this  respect 
the  nineteenth  century  knows  no  greater  figure  than 
Cuvier ;  not  even  Humboldt,  great  and  comprehensive  as 
was  his  scientific  view.  The  advantages  also  of  Cuvier's 
position  as  permanent  Secretary  of  the  French  Academy 
of  Sciences  were  exceptional,  and  well  fitted  to  bring  out 
his  extraordinary  talents.  We  can  say  that  in  him  science 
has  become  fully  conscious  of  its  true  methods,  its  useful-  • 
ness,  its  most  becoming  style,  its  inherent  dignity,  its  past 
errors,  its  present  triumphs,  the  endless  career  which  lies 
before  it,  and  the  limits  which  it  cannot  transgress. 
Educated  in  Germany,  at  the  same  school  as  Schiller 


29. 
Cuvier's 


and    Dannecker,^  imbued   by   early  experience  and  by  training, 


^  "  C'est  la  continuation  de  ce  com- 
mandement  de  voir  et  de  nommer, 
par  oil  s'ouvre  la  vie  de  notre  esp^ce, 
c'est  la  voie  qui  devait  nous  con- 
duire  soit  a  des  contemplations  plus 
hautes,  soit  seulement  h.  des  inven- 
tions utiles.  En  effet  I'histoire 
naturelle  ne  fait  aucun  pas  sans 
que  la  physiologie  et  la  philosophic 
gendrale  marchent  d'un  pas  ^gal, 
et  sans  que  la  societ,^  receive  leur 
tribut  commun"  ('Eloges,*  vol.  iii. 
p.  474). 

2  Cuvier  has  himself  written  an 
account  of  his  early  life  and  studies. 
It  is  given  by  Flourens, '  Eloges,'  vol. 
i.  pp.  167-193.  He  was  born  in  1769, 
of  a  Protestant  stock,  at  Mont- 
beliard,  the  capital  of  a  small  prin- 
cipality, situated  in  the  Jura,  and 
then  belonging  to  Wiir  tern  berg. 
The  autocratic  Duke  Charles  (1737- 
1793)  had  founded  a  military  acad- 
emy in  Stuttgart,  his  capital,  where 
400  youths  were  at  his  expense 
housed  and  educated  according  to 
a  strict  rule,  but  under  the  guid- 
ance of  enlightened  masters,  and  in 
a  thoroughly  modern  spirit.  The 
institutipn   was   a   kind    of    oppo- 


sition to  the  Protestant  Church 
rule,  which  had  very  early  spread 
a  system  of  popular  and  compulsory 
education  throughout  the  country. 
It  is  a  chapter  of  history  well  worth 
reading.  The  great  problems  of 
popular  education  as  against  higher 
instruction,  Protestant  discipline  in 
the  lower  as  against  military  dis- 
cipline in  the  higher  schools,  the 
democratic  as  against  the  aristo- 
cratic spirit,  the  independence  as 
against  the  State  -  regulation  of 
University  teaching,  were  fought 
out  by  the  dukes  and  the  Estates 
of  Wiirtemberg  in  a  prolonged  war- 
fare, a  sample  of  similar  movements 
all  over  Germany,  and  well  told  by 
Perthes  in  his  *  Politische  Zustande 
und  Personen  in  Deutschland  zur 
Zeit  der  franzosischen  Herrschaft' 
(Gotha,  1862,  pp.  501-548).  Cuvier 
evidently  saw  the  better  side  of  the 
system,  for  he  entered  after  the 
imperious  character  of  the  duke 
had  been  subdued  by  the  victorious 
estates.  Forced  to  change  his  ways, 
which  he  conscientiously  ^id,  the 
duke  laid  by  for  his  country,  as  a 
local  historian  says,  "  a  fund  of  in- 
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personal  contact  with  that  spirit  of  general  education 
and  universal  training  which  then  animated  the  German- 
speaking  nations  of  the  Continent,  thoroughly  grounded 
in  classics  and  mathematics,  with  a  cosmopolitan  know- 
ledge of  languages  and  literature,  which  fitted  him  to 
understand  the  merits  of  different  nations,  he  became 
the  great  exponent  of  that  peculiar  system  of  higher 
culture  which  since  the  time  of  Colbert  the  French  had 
elaborated— the  academic  system.^     The  centre  of  this 


telligence  and  acquisitions  by  which 
we  have  benefited  up  to  modern 
times"  (Perthes,  p.  510).    We  know 
the  other  and  older  side  of    the 
picture  from  the  '  Life  of  Schiller ' 
(see,  inter  alia,   Carlyle,  *Life   of 
Schiller,'   collected   works,   library 
edition,   vol.    v.   p.    258).      Cuvier 
gives  a  long  description  of  the  "  Karl- 
schule  "  :     "  C'etait    un    etablisse- 
ment  vraiment  magnifique.     Envi- 
ron quatre  cents  boursiers  et  pen- 
sionnaires,  loges  dans  un  edifice  tel 
qu'il  n'y  en  a  aucun  d'approchant 
en   Europe   (parmi  ceux   qui  sont 
consacres  a  I'instruction  de  la  jeun- 
esse),  vetus  d'un  bel  uniforme,  con- 
duits par  des  officiers  et  des  sous- 
officiers  tir^s  des  regiments  du  due, 
recevaient  des  lemons  de  tout  genre 
de  plus  de  quatre-vingts  maitres  ou 
professeurs.     On  a  beaucoup  parl^ 
de  I'esprit  de  despotisme  avec  lequel 
le  due  disposait  de  leurs  personnes 
et    choisissait   pour   chacun   d'eux 
r^tat  qu'il  devait  embrasser,  et  je 
crois  en  efifet  qu'il   en   etait  ainsi 
dans  I'origine  de  I'etablissement ; 
mais  de   mon  temps,  je  n'ai  rien 
vu  de  semblable,  et  ce  qui  est  cer- 
tain, c'est  que  personne  ne  pretendit 
meme  me  donner  de  conseil  Ji  cet 
egard.      II    y   avait   cinq  facultes 
superieures,  droit,  medecine,  admin- 
istration,  militaire  et  commerce" 
(Flourens,  loc.  cit.,  p.  171). 

1  The  first  great  representative 


of  this  academic  spirit  and  culture 
was  Fontenelle,  who,  living  during 
a  hundred  years,  from  1657  to  1757, 
was  Secretary  of  the  Academie  des 
Sciences   during  forty -two  years, 
from  1699  (the  year  of  the  recon- 
stitution  of  the  Academy)  to  1741. 
Among  his  successors  were  men  like 
Condorcet,  Delambre,  Cuvier,  and 
Arago.      Fontenelle  gave  to  scien- 
tific subjects  a  dignified  popularity, 
separated  the  departments  of  science 
and  metaphysics,  kept  the  scientific 
interest  free  from  the  commercial, 
and  through  his  connection  with  the 
Academie   fran9aise    did    probably 
more  than  any  other  writer  to  es- 
tablish that  superiority  of  style  and 
diction  for  which  the  great  French 
men  of  science  are  so  remarkable  and 
so  superior  to  those  of  other  coun- 
tries.   Bertrand,  himself  a  successor 
of  Fontenelle,  says  of  him :  "  Pr^tant 
aux    travaux  de  ses  confreres    la 
finesse  de  ses  aper9us  et  la  vivacite 
ingenieuse  de  son  style,  il  a  su  dans 
leurs  portraits,  qui  sont  des  chefs- 
d'oeuvre,  plus  encore  que  dans  I'ana- 
lyse  de   leurs  d^ouvertes,  donner 
aux    plus    humbles    et    aux    plus 
modestes    une   celebrite   imprevue 
et  durable,  et  le  juste  et  serieux 
hommage  qu'il  rend  au  vrai  merite 
fait  aimer  et  respecter  tout  h  la  fois 
les  savants  et  la  science"  (*L' Aca- 
demie des  Sciences  et  les  Academi- 
ciens,'  p.  113).     See  also  Voltaire's 


THE   SCIENTIFIC   SPIRIT   IN   FRANCE. 


135 


system  was  the  old  Academy  of  Sciences,  which,  with 
a  short  interruption  during  the  storm  of  the  Eevolution, 
survived,^  and  formed  the  principal  feature  in  the  Insti- 
tute. Allied  with  this  institution,  and  directly  inspired 
by  its  spirit,  were  the  great  schools  of  natural  science,  the 
great  collections  of  natural  objects,  latterly  also  the  great 
medical  institutions  of  Paris.  It  professed  to  protect 
scientific  studies  in  a  royal  and  generous  manner,  at- 
tracted talent  from  outside,  rewarded  foreign  as  well  as 
French  research,^  and  tried  to  keep  the  scientific  spirit 
of  inquiry,  as  well  as  the  form  in  which  it  found 
expression,  pure   and    undefiled.^     It  favoured   the  co- 


;    Cabanis, 
Medecine ' 


'Si^cle  de  Louis  XIV.' 
'  Revolutions  de  la 
(CEuvres,  Paris,  1823,  vol.  i.  p.  200); 
Flourens,  '  Eloges  historiques,'  vol. 
iii.  p.  31,  &c.  ;  Maury,  *  Les  Aca- 
demies d'autrefois,'  vol.  i.  p.,  153, 
163  et  passim;  Bouillier,  'Eloges 
de  Fontenelle,'  Introduction. 

1  "  Tandis  que  tout  a  ete  renou- 
vele  dans  la  politique  et  les  moeurs 
publiques  ...  la  vie  scientifique 
et  litteraire  a  gensiblement  garde  sa 
constitution.  .  .  ,  Le  College  de 
France,  I'Academie  fran9ai8e,  1' Aca- 
demie des  Inscriptions  et  Belles- 
lettres,  I'Academie  des  Sciences,  la 
Bibliotheque  imperiale,  I'Observa- 
toire,  le  Museum  d'Histoire  natur- 
elle,  subsistent  encore,  comme  au 
siecle  dernier,  et  dans  nos  provinces, 
une  foule  d'academies  sont  d'une 
creation  anterieure  k  1789"  (Maury, 
loc.  cit.,  p.  1). 

2  "  Euler  f ut  quatre  fois  couronne 
pour  des  questions  de  physique  et 
de  mathematiques.  .  .  .  Daniel 
Bernoulli  obtint  le  prix  dix  fois" 
(Maury,, p.  171).  Among  the  cele- 
brated Eloges  by  Fontenelle  there 
are  those  of  Leibniz,  of  Peter  the 
Great,  of  Newton,  of  Marsigli,  of 
Boerhaave ;  among  those  by  Con- 


dorcet there  are  those  of  Haller, 
Linnaeus,  Hunter,  and  Euler ;  among 
Cuvier's  there  are  those  of  Gilbert, 
Priestley,  De  Saussure,  Cavendish, 
Pallas,  Rumford,  Werner,  Banks, 
and  Davy. 

^  "Jusqu'^  present,"  says  Fon- 
tenelle in  1699,  "TAcademie  des 
Sciences  ne  prend  la  nature  que 
par  petites  parcelles.  Nul  systfeme 
general,  de  peur  de  tomber  dans 
I'inconvenient  des  syst^mes  pr^ci- 
pit^s  dont  I'impatience  de  I'esprit 
humain  ne  s'accommode  que  trop 
bien,  et  qui,  etant  une  fois  etablis, 
s'opposent  aux  verites  qui  syrvien- 
nent"  (quoted  by  Flourens,  *  Eloges,* 
vol.  iii.  p.  19).  "  L'esprit  de  I'Acad- 
emie des  Sciences  a  done  tou jours  ete 
I'esprit  d'experience,  d'etude  directe, 
d'observation  precise,  I'amour  de  la 
certitude.  D'abord  cartesienne,  elle 
devint  ensuite  Newtonienne, "  &c. 
(ibid.,  p.  21).  Fontenelle  contrasts 
the  "  philosophie  des  mots  et  celle 
des  choses,  de  I'Ecole  et  de  I'Aca- 
demie" ('Eloge  de  Du  Hamel'  in 
Bouillier,  p.  10).  "Fontenelle  se 
plait  k  multiplier  les  exemples  de 
cette  incapacite  chez  les  savants  de 
faire  fortune  et  de  ce  noble  des- 
int^ressement."     "  II  aimait  mieux 
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30. 

Cuvier  the 
greatest 
representa- 
tive of  the 
Academic 
system. 


operation  of  many  minds  in  rearing  the  great  edifice  of 
science,  and  found  a  place  for  the  minutest  research,  as 
well  as  a  field  for  the  development  and  sway  of  great  and 
governing  ideas.  Of  the  best  form  of  this  spirit  and 
system — the  Academic — Cuvier  was  the  greatest  repre- 
sentative. Through  several  dozen  illoges  which  he  pro- 
nounced on  the  decease  of  a  number  of  the  most  illus- 
trious scientific  men  of  Europe,  as  well  as  through 
several  Keports,  in  which  he  summed  up  the  labours  and 
progress  of  his  age,  and  the  peculiar  features  of  his  period, 
he  affords  to  the  student  of  history  an  insight  into  that 
distinctive  phase  which  scientific  thought  had  entered  in 
France  at  the  end  of  the  eighteenth  century.  This  he 
allows  us  to  contrast  with  other  phases  of  thought,  such 
as  the  philosophical  or  individual,  which  obtained  in  other 
ages  or  countries,  and  suggests  as  well  as  gives  the  means  of 
answering  the  question,  to  what  extent  the  scientific  ideal 


etudier  que  subsister,"  he  said  of 
one  of  the  Academicians  (Bouillier, 
pp.  ix,  xii).  Cuvier  was  very  watch- 
ful over  the  Academy  in  keeping 
out  the  speculative  spirit.  See 
what  he  says  in  the  joint  Report 
on  geology  with  Haiiy  and  Leli^vre 
('  Mem.  de  I'lnstitut,'  vol.  viii.  1607, 
p.  136).  "Que  doivent  done  faire 
lea  corps  savans  pour  procurer  a  une 
science  aussi  interessante  et  aussi 
utile,  les  accroissemens  dont  elle  est 
susceptible  ?  ...  lis  doivent  tenir 
la  conduite,  qu'ils  ont  tenue  depuis 
leur  etablissement,  a  I'egard  de 
toutes  les  autres  sciences  :  encour- 
ager  de  leurs  ^loges  ceux  qui  con- 
statent  des  faits  positifs  et  garder 
un  silence  absolu  sur  les  syst^mes 
qui  se  succMent."  Compare  with 
this  what  he  says  about  the  use  of 
the  principle  of  "vital  force,"  al- 
ways referring  to  Newton's  method 


('M^m.  de  I'lnst.,'  vol.  vii.  p.  77, 
&c.),  further  in  his  analysis  of  Gall 
and  Spurzheim's  Memoire  ('  M^m. 
de  I'Inst.,'  vol.  ix.  p.  65):  "Les 
commissaires  de  la  classe  .  .  .  ont 
donn^  leur  assentiment  a  presque 
toutes  les  propositions  de  MM.  G. 
&  S.,  qui  ne  dependent  que  de 
I'inspection  anatomique,  &c.  .  .  . 
les  commissaires  ont  cru  dgale- 
ment  de  leur  devoir  de  prevenir  le 
public,  qu'il  n'y  a  aucun  rapport 
direct,  aucune  liaison  necessaire 
entre  ces  decouvertes  et  le  doctrine 
enseign^  par  MM.  G.  &  S.,  &c.  .  .  . 
Toutes  ces  matieres  sont  encore  trop 
etrangeres  aux  attributions  de  la 
classe,  elles  tiennent  aux  faits  sen- 
sibles  d'une  mani^re  trop  l&che, 
elles  pretent  li  trop  de  discussions 


of  the  end  of  this  century  agrees  with  or  differs  from  that 
of  its  beginning.  Upholding  the  Newtonian  rather  than 
the  Baconian  and  Leibnizian  standard  in  the  mathemati- 
cal and  physical  sciences,^  he  has  marked  that  line  which 
our  whole  century  has  contributed  to  trace  out  more  dis- 
tinctly ;  whilst,  as  regards  the  purely  natural  sciences,  his 
continued  emphasising  of  the  great  problem  of  organisation, 
and  his  later  controversy  with  Geoffroy  de  Saint-Hilaire, 
mark  that  point  in  which  this  century  has  most  distinctly 
departed  from  the  prevailing  ideas  of  its  early  years.^ 
He  also  recognised  earlier  than  any  other  mind  of  similar 
eminence  what  our  century  increasingly  realises,  how, 
without  a  system  of  condensation,  contained  in  reports, 
statistics,  and  figures,  aided  by  classifications  and  systems, 
the  growing  bulk  of  accumulated  knowledge  becomes 
chaotic  and  unmanageable.^ 


>j 


vagues,  pour  qu'un  corps  tel 
le  notre  doive  s'en  occuper 
159). 


que 
(p. 


^  Cuvier  was  not  brought  up  in 
the  school  of  the  Encyclopaedists, 
and  I  cannot  find  that  he  attached 
the  great  importance  to  the  writ- 
ings of  Bacon  which  that  school 
commonly  did.  As  to  Newton  and 
Leibniz,  he  contrasts  their  methods, 
considering  them  "  comme  les  chefs 
et  les  representans  des  deux 
m^thodes  opposees  qui  se  sont  dis- 
pute I'empire  de  la  science  "  ('  His- 
toire  des  Sciences  naturelles,' 
publiee  par  Magdeleine  de  Saiut- 
Agy,  Paris,  1841,  vol.  iii.  p.  19, 
&c.)  See  also  in  his  joint  Report 
with  Haiiy  and  Lelievre  on  the 
Science  of  Geology  ('  Mem.  de  I'ln- 
stitut,' 1807,  p.  133):  *'0n  yit 
renaitre  dans  cette  partie  de  I'his- 
toire  naturelle  la  m^thode  syst^ma- 
tique  de  Descartes,  que  Newton 
semblait  avoir  bannie  pour  jamais 
de  toutes  les  sciences  physiques, 
.  .  .  et  lorsqu'on  songe  que  Leib- 
niz   et    Buffon    sont    au    nombre 


des  philosophes  dont  je  parle  ici," 
&c. 

2  A  future  chapter  will  deal  speci- 
ally with  this  subject.  Cuvier,  as 
is  well  known,  maintained  the  fixity 
of  species,  and  opposed  the  theories 
of  St  Hilaire  and  Lamarck,  in  which 
a  later  generation  recognises  the 
beginnings  of  the  Darwinian  doc- 
trine of  the  transmutation  of  species. 
"On  est  oblige  d'admettre  certaines 
formes,  qui  se  sont  perpdtu^es 
depuis  I'origine  des  choses,  sans 
exceder  ces  limites ; 
etres  appartenans  k 
formes  constituent 
appelle  une  espece" 
mal,'  vol.  i.  p.  20). 

3  Cuvier  was  the  first  great  scien- 
tific writer  who  undertook  to  give 
a  historical  survey  of  the  position 
of  the  different  natural  sciences, 
with  a  view  of  ascertaining  what 
had  been  achieved  and  what  re- 
mained to  be  done.     He  did  what 


et  tous  les 
Tune  de  ces 
ce  que  Ton 
('R^gne  ani- 
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SI. 

On  the 


Cuvier  had  also  a  true  historical  sense,  which  enabled 
him   to  trace   the  connection  of  science  with  political 
history,  with   literature,  with  the  fine  and  useful  arts. 
And  he  helps  to  answer  a  question  which  to  us  is  of 
forties  of   paramount  interest,  How   did  science  fare    during  the 
i^gthtiT  crreat  cataclysm  of  the  Kevolution  ?  how  under  the  reac- 

volution  and  ®  "^  -.^.  -r^         •        «       -r»    p  4.4.   ,^^4- 

Em^  tionary  despotism  of  the  First  Empire  ?  Before  attempt- 
ing to  reply  to  these  questions  in  the  light  of  subse- 
quent and  general  European  history,  I  will  select  a  few 
passages   from    Cuvier    which    throw  light    upon    these 

points :  ^ — 

"There  is  always  a  revolution  required  in  order  to 

change  habits  which  have  become  general,  and  the  most 
necessary  revolutions  do  not  take  place  without  some 
circumstance,  which  is  sometimes  long  delayed.  We 
have  been  able  to  see  how  in  such  a  case  everything 
furthers  the  sciences,  even  the  delays  and  contrarieties 
which  they  seem  to  suffer  under. 

"  The  events  which  disturbed  the  world,  and  which  for 
natural  science  temporarily  dried  up  the  sources  of  its 
riches,^  obliged  it  to  return  to  itself,  and  to  make  a  new 
study  of  what  it  possessed,  more  fruitful  than  the  most 


a  generation  later  the  British  Asso- 
ciation undertook  to  do,  and  what 
in  Germany  the  many  "Jahres- 
berichte*'  do  nowadays.  See  his 
"  Analyse  des  Travaux,"  &c., '  Mem. 
de  I'Institut,'  vol.  ix.  p.  53,  and  his 
celebrated  *  Rapport  historique  sur 
le  Progres  des  Sciences  naturelles 
depuis  1789,'  Paris,  1810. 

^  *  Eloges  historiques,'  vol.  iii.  p. 
456,  1824. 

2  This  refers  to  the  isolation  of 
France  during  the  war  and  the  Con- 
tinental blockade,  which  deprived 


it  of  foreign  imports  and  the  scien- 
tific collections  of  foreign  specimens ; 
see  also  'Eloges,'  vol.  i.  p.  9  ;  vol.  iii. 
p.  202:  "Quand  la  jalousie  des 
peuples  nous  privait  des  produits 
Strangers,  la  chimie  les  faisait  dclore 
de  notre  sol."  "Le  conseil  des 
mines  ^tabli  en  1793,  lorsque  I'in- 
terruption  de  tout  rapport  avec 
I'etranger  fit  sentir  le  besoin  de 
tirer  parti  de  notre  territoire  a 
donn^  h.  ces  sortes  de  recherches 
une  impulsion  toute  nouvelle" 
('Rapport,'  p.   178). 


fortunate  departures  could  have  been.  During  this  ap- 
parent rest,  all  the  different  parts  of  method  were  deep- 
ened ;  the  interior  of  natural  objects  was  studied ;  even 
minerals  were  dissected  and  reduced  to  their  mechanical 
elements ;  a  still  more  intimate  analysis  was  made  by  a 
perfected  chemistry;  the  earth  itself  was,  during  this 
interval,  if  the  expression  is  allowable,  dissected  by  the 
geologists ;  its  depths  were  sounded  ;  the  order  and  layers 
of  rock  which  form  its  shell  were  recognised.-^  In  the 
absence  of  foreign  contributions  the  interior  of  the  soil 
on  which  we  walk  became  tributary  to  science.  The 
beings  of  which  it  contains  the  remains  came  to  light, 
and  revealed  a  natural  history  anterior  to  that  of  to- 
day, different  in  its  forms,  and  nevertheless  subject  to 
similar  laws,  thus  giving  to  these  laws  a  sanction  which 
no  one  expected.  The  botanists  did  not  gather  so  many 
plants  in  their  collections,  but  with  the  lens  in  hand  they 
demonstrated  more  and  more  the  intimate  structure  of 
the  fruit,  the  seed,  the  various  relations  which  connect 
the  parts  of  the  flower,  and  the  indications  which  these 
relations  furnish  for  a  natural  division.  The  most  deli- 
cate forms  of  organic  tissues  were  exhibited;  medicine 


^  Cuvier  refers  here  to  the  inves- 
tigation of  the  fossils  in  the  Paris 
basin,  which  he  undertook  during 
the  years  1804  to  1808  :  "  La  singu- 
larity des  animaux  dont  je  decouv- 
rais  les  ossements  a  Montmartre 
me  fit  desirer  de  connaitre  plus  en 
detail  la  composition  geologique  des 
environs  de  Paris.  Mon  ami  Brong- 
niart  s'associa  a  moi  pour  ce  travail ; 
nous  fimes  ensemble  et  s^pardment 
beaucoup  de  courses.  .  .  .  Ces 
recherches  ont  donne  une  face  toute 
nouvelle  a  la  geologic,  et  ont  occa- 


sionnd  toutes  celles  qu'ont  faites 
ensuite  en  Angleterre  MM.  Webster, 
Buckland,  Labeche  et  autres" 
(Cuvier,  "M^m.  sur  sa  Vie"  in 
Flourens;  'Eloges,'  vol.  iii.  p.  188). 
This  was  the  beginning  of  the 
Science  of  Palaeontology,  a  term 
which  Cuvier  did  not  use  himself 
(Flourens,  '  Travaux  de  Cuvier,'  p. 
147).  See  also  Cuvier,  '  Recherches 
sur  les  Ossemens  fossils  de  Quadru- 
pedes,'  &c.,  1st  ed.,  1812,  3rd  ed., 
1825,  in  the  Introduction. 
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and  chemistry  united  their  efforts  to  appreciate  in  the 
minutest  detail  the  action  of  external  elements  on  the 
living  organism.^     The  different  combinations  of  organs, 
or  what  we  call  the  different  classes,  the  different  genera, 
were  not  less  studied  than  general  theories.     There  were 
no   animals,  ever   so   small,   the  inner  parts   of   which, 
unveiled   by  anatomy,  did   not   become   known  as  well 
as  our  own.     Every  organic  system  was  likewise  sub- 
mitted to  a  special  examination.      The  brain,  marking 
the  degree  of  intellectual  power;    the   teeth,  signs   of 
the  nature  and  energy  of  the  digestive  forces ;  the  bony 
system,  above  all,  which  is  the  support  of  all  others, 
and  which  determines  the  connected  forms  of  animals, 
—all  these  were  followed  into  the  smallest  species  and 
into  the  minutest  parts.     We  see  how,  after  such  studies, 
there  could  be  no  more  talk  of  superficial  or  artificial 
methods.     The  old  natural  history  had  ceased  to  rule. 
It  was   not   that   old  natural  history  any  more,  but  a 
science  full  of  life  and  youth,  armed  with  quite  novel 
ways  and  means,  which  beheld  the  world  reopened  by 

the  Peace."  ^ 

In  an  earlier  passage,^  speaking  of  the  reopening  of 
academies  and  schools  by  the  Government  of  the  Kevolu- 


1  Compare  with  this  the  'Rap- 
port* of  the  year  1808,  p.  201,  &c. 
The  above  remarks  refer  mainly  to 
Bichat.  "Bichat  a  donn^  h  I'ana- 
tomie  un  grand  int^ret,  par  I'opposi- 
tion  de  structure  et  de  forme  qu'il 
a  d^velopp^,  entre  les  organes  de 
la  vie  animale,  c'est-k-dire,  du  senti- 
ment et  du  mouvement,  et  ceux  de 
la  vie  purement  v^g^tative.  .  .  . 
L'attention  particuli^re  donnee  par 
Bichat  au  tissu  et  aux  fonctions  des 
diverses  membranes,  et  I'analogie 


qu'il  a  etablie  entre  celles  de  parties 
tr^s  ^oignees,  ont  jete  aussi  des 
lumi^res  nouvelles  sur  I'anatomie, 
principalement  dans  ses  rapports 
avec  la  medecine"  ('Rapport,'    p. 

2  This  refers  to  the  peace  which 
concluded  the  Napoleonic  wars,  and 
re-established  the  free  intercourse 
of  France  with, the  rest  of  the  world. 

3  In  the  'Eloge  of  Fourcroy," 
of  the  year  1811  ('Eloges,'  vol.  ii. 
p.  40,  &c.) 
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tion,  Cuvier  remarks :  "  It  was  not  merely  a  question  of 
isolated  discoveries,  but  of  institutions,  which,  in  assuring 
the  conservation  of  the  sciences,  would  multiply  their 
progress  indefinitely.  What  was  needed  was  no  longer  a 
simple  experimenter,  master  of  his  subject  and  his  instru- 
ments, it  was  a  man  obliged  to  battle  against  all  kinds  of 
obstacles,  and  to  benefit  his  fellow-citizens,  mostly  in  spite 
of  themselves.  The  Convention  had  destroyed  academies, 
colleges,  universities;  nobody  would  have  dared  to  ask 
boldly  for  their  restitution ;  but  soon  the  effects  of  their 
suppression  showed  themselves  in  the  most  susceptible 
point;  the  armies  were  without  doctors  and  surgeons, 
and  these  could  not  be  created  without  schools.^  But 
who  would  believe  that  time  was  required  to  give  courage 
enough  to  call  them  schools  of  medicine.  Doctor  and 
surgeon  were  titles  too  contrary  to  equality,  apparently 
because  there  is  no  authority  over  the  patient  more  neces- 
sary than  that  of  the  doctor;  therefore  the  odd  term 
"  schools  of  health  "  was  used,  and  there  was  no  question 
of  either  examination  or  diploma  for  the  students.  In 
spite  of  this,  a  penetrating  glance  reveals,  in  the  regula- 
tions which  were  carried,  the  intentions  of  him  (Fourcroy) 
who  drew  them  up.     The  three  great  schools  founded  at 


1  See  'Eloges,'  vol.  i.  p.  353. 
"Cependant  les  gens  qui  avaient 
fait  toutes  ces  suppressions  eurent 
promptement  lieu  de  s'apercevoir 
que,  s'il  ^tait  h  la  rigueur  superflu 
d'apprendre  toute  autre  chose,  on 
ne  pouvait  gu^re  se  dispenser  d'ap- 
prendre la  medecine.  Toute  la 
France  se  pr^cipitait  aux  frontieres, 
et,  apres  des  prodiges  inouis  de 
d^vouement  et  de  valeur,  les  ddfen- 
seurs  de  la  patrie   ne   trouvaient 


aucun  secours  pour  leurs  blessures 
et  pour  leurs  maladies.  On  com- 
menga  done  par  I'drection  des  ecoles 
de  medecine  cette  longue  suite  de 
restaurations,  que  I'dtablissement 
de  I'universit^  vient  de  couronner 
et  de  lier  en  un  ensemble  aussi 
imposant  par  I'etendue  de  son  plan 
que  par  la  vigueur  de  son  organisa- 
tion." See  also  'Rapport,'  &c.,  p. 
360. 
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32. 

France  has 
done  more 
than  other 
countries  to 
popularise 
science. 


33. 

Difiference 
between  the 
literary  and 
the  national 
popularisa- 
tion. 


this  epoch ,^  received  an  abundance  of  means,  of  which 
up  to  that  time  there  was  no  idea  in  France,  and  which 
still  form  the  finest  ornament  of  the  University.'* 

Similar  passages  might  be  collected  in  which  Cuvier 
enlarges  on  the  influence  of  war  and  revolutions,  of  the 
Continental  blockade  and  the  isolation  of  the  country ;  on 
the  reconstruction  of  hospitals  and  the  admission  of  medi- 
cal science  into  the  Academy ;  on  the  creation  of  new 
industries  ;  on  the  development  of  the  mining  and  mineral 
wealth  of  the  country ;  on  the  scientific  value  of  colonies 
and  travels,  and  many  other  interesting  topics.  In  con- 
fining myself  more  closely  to  the  history  of  thought  and 
the  growth  of  the  modern  scientific  spirit,  I  will  make 
some  reflections  which  his  remarks  force  upon  us. 

I  have  noted  above  how  France  more  than  any  other 
country  worked  for  the  popularisation  of  science,  how  her 
polite  literature  alone  during  the  eighteenth  century  bears 
the  strong  impress  of  modern  scientific  ideas ;  no  other 
country  has  a  Fontenelle,  a  Voltaire,  a  Buffon.  This 
peculiarity  must  be  recognised  as  a  very  powerful  and 
valuable  stimulus  to  the  growth  of  the  scientific  spirit 
It  emanates  largely,  if  not  ^exclusively,  from  the  peculiar 
position  of  the  old  Academy  of  Science.  It  must,  how- 
ever, not  be  forgotten  that  it  was  not  a  popularisation  of 
the  kind  we  witness  nowadays. 

The  class  of  literature  which  in  our  age  spreads  broad- 
cast the  discoveries  or  ideas  of  science ;  the  endless  num- 
ber of  magazines,  reviews,  and  daily  papers;  the  small 
treatises,  the  cheap  primers,  the  compact  text-books,  did 


^  They  were  the  three  "  Ecoles  de 
Sant^"  at  Paris,  Strasbourg,  and 
Montpellier   (see    Hippe»u,   *L'In- 


struction  publique  en  France,'  vol. 
ii.  p.  194). 
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not  then  exist.^  Science  was  not  a  subject  of  general,  still 
less  of  popular,  instruction.  It  was  an  occupation  of  the 
few,  who,  privileged  by  fortune  or  talent,  or  gifted  with 
inordinate  perseverance,  forced  their  way  into  the  salons 
of  society^  or  the  rooms  of  the  Academy.  The  first  public 
course  of  natural  history  was  opened  in  Paris  by  Valmont 
de  Bomare  in  1 7 6 0.^  Science  still  stood  far  out  of  the  reach 
of  the  practical  man  or  the  poor  man;  it  had  not  yet 
become  an  element  of  education  or  an  instrument  for 
industry.  It  was  a  fashionable  pursuit,  a  luxury  of  the 
great,  a  key  that  occasionally  opened  the  door  of  the 
palace ;  but  it  was  not  a  thing  of  immediate  use,  except 
in  adding  glory  and  renown  to  its  royal  protectors,  or 
to  the  rare  genius  which  could  make  new  discoveries. 
Almost  the  only  application  made  of  it  was  in  naviga- 
tion, and  in  the  construction  of  instruments  connected 
therewith.  This  essentially  literary — not  national — 
popularisation   of   science  had    also    its    great    dangers.       34. 

.  Dangers  of 

No  ideas  lend  themselves  to  such  easy,  but  likewise  to  the  merely 

"  literary  pop- 

such  shallow,  generalisations  as  those  of  science.     Once  uiarisation. 
let  out  of  the  hand  which  uses  them,  in  the  strict  and 
cautious  manner  by  which  alone  they  lead  to  valuable 
results,  they  are  apt  to  work  mischief.  /  Because  the  tool 
is  so  sharp,  the  object  to  which  it  is  applied  seems  to  be 


^  Cuvier,  in  his  '  Rapport,'  &c.,  p. 
361,  mentions  the  elementary  works 
published  by  some  of  the  medical 
professors  at  the  beginning  of  the 
century,  but  says  also  that  "  En 
AUemagne,  surtout,  oti  I'usage  des 
livres  ^l^mentaires  est  plus  commun 
que  chez  nous,  il  n'est  presque 
aucune  university,  dont  les  profes- 
seurs  n'en  aient  public  d'excel- 
lens." 


**^  See  Maury,  p.  182,  &c.  Also  Cu- 
vier, '  Rapport,'  vol.  ii.  p.  427  :  "  En 
France  la  reputation  des  ouvi-ages 
depend,  pour  I'ordinaire,  des  femmes 
et  de  quelques  gens  de  lettres,  qui 
croient  pouvoir  juger  des  sciences 
positives,  parce  qu'ils  ont  combing 
quelques  idees  g^nerales  de  m^ta- 
physique." 

•*  See  Maury,  *L'ancienne  Acad- 
^mie  des  Sciences,'  p.  283, 
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SO  easily  handled.  The  correct  use  of  scientific  ideas  is 
only  learned  by  patient  training,  and  should  be  governed 
by  the  not  easily  acquired  habit  of  self-restraint.  It  is 
well  known  how  the  fundamental  notions  of  a  mechanical 
science,  let  loose  into  literature  by  Fontenelle,  by  D'Alem- 
bert,  by  Condorcet,  or  absorbed  by  Voltaire  and  Diderot, 
were  expanded  into  a  system  of  materialistic  philosophy 
in  '  L'Homme  Machine,'  the  '  Systeme  de  la  Nature,'  and 
other  works,  the  extreme  views  of  which  the  great  scien- 
tific thinkers  could  hardly  approve  of.^     These  hasty  but 


^  As  a  great  deal  of  confusion  ex- 
isted for  a  long  time  in  European 
literature  as  to  the  exact  succession 
in  time  of  the  different  works  which 
assisted  to  spread  mechanical  views 
of  the  world  and  of  life,  I  put  down 
the  main  dates  : — 

Fontenelle  (1657-1757)  published 
his  Eloges  of  the  great  Academi- 
cians, in  which  the  principles  of 
the  philosophy  of  Descartes,  Leib- 
niz, and  Newton  were  popularly- 
expounded  and  discussed,  from 
1700  onward.  His  'Plurality  des 
Mondes'  had  appeared  already  in 
1686  ;  it  had 'popularised  Cartesian 

ideas. 

Voltaire  (1694-1778)  published 
his  'El^mens  de  la  Philosophic  de 
Newton'  in  1738. 

La  Mettrie  (1709-51)  published 
his  'Histoire  naturelle  de  I'Ame' 
in  1745,  and  his  *  L'Homme 
Machine'  in  1748. 

D'Alembert  and  Diderot  pub- 
lished the  first  volume  of  the  '  En- 
cyclopedic' in  1751. 

Buffon  (1707-88)  published,  1749, 
his  *  Th^rie  de  la  Terre,'  being  the 
first  portion  of  the  '  Histoire  natur- 
elle.' 

Holbach  (1723-89)  published 
under  the  name  of  Mirabaud, 
1770,  the  'Systeme  de  la  Nature.' 

Of  these  works,  the  three  which 


created  the  greatest  popular  sensa- 
tion—riz.,    VolUire's    '  Elemens,' 
La  Mettrie's  '  L'Homme  Machine,' 
and  Holbach's  '  Systeme  '—were  all 
published    in    Holland.      Voltaire, 
D'Alembert,  and  Diderot  appear  to 
have  approached  philosophical  prob- 
lems mainly  from  the  position  of 
Newton's   natural    philosophy,    La 
Mettrie  from  the  teachings  of  the 
great   Boerhaave,    Holbach  princi- 
pally from  a  study   of  chemistry. 
It  is  unnecessary  to  say  that  none 
of  them  had  the  sanction  of  their 
great  masters  for  the  applications 
they  made  of  principles  which  had 
been  established  and  used  for  special 
scientific  purposes.     And  the  same 
may  be  said  with  reference  to  the 
influence  of  Locke,  which  in  almost 
all    the    instances    mentioned    was 
combined  with  that  of  the  great 
naturalists.     But  this  does  not  be- 
long to  the  line  of  thought  in  which 
we  are  interested  at  present.     For 
the  sake   of    completeness    only   I 
mention  that  Locke's  teachings  as 
well  as  Newton's  were  made  popu- 
larly known  in  France  by  Voltaire's 
"  Lettres  sur  les  Anglais '  (burnt  by 
order  of  the  Parliament  of  Paris  in 
1734),  whereas  Condillac's  (1714-80) 
more  systematic  treatise,   entitled 
'Essaisurl'OriginedesConnaissances 
humaines,'  appeared  in  1746.     It  is 


brilliant  generalisations,  expressed  frequently  in  the  most 
perfect  language,  did  no  good  to  the  truly  scientific  cause ; 
they  did  not  spread  the  genuine  scientific  spirit.  Much 
of  the  good  done  by  Fontenelle,  by  Voltaire,  by  Buifon, 
was  spoiled  or  neutralised  by  premature  and  ill-founded 
theories.  How  much,  or  how  little,  they  contributed 
(either  directly  or  by  a  kind  of  reaction  which  set  in 
against  them,  of  which  Eousseau  may  be  regarded  as  the 
centre)  to  bring  about  the  Eevolution  is  a  matter  of 
much  controversy;  certain  it  is  that  the  Eevolution 
broke  their  sway,  and  destroyed  their  immediate  influ- 
ence.^     To   the  purely   literary   the   Eevolution    added 


important,  in  dealing  with  the  ex- 
treme materialistic  writings  which 
French  literature  produced  between 
1745  and  1770,  to  keep  distinct  the 
different  origins  from  which  they 
started,  and  the  different  influences 
which  combined  to  produce  them  : 
the  mathematical  and  mechanical 
principles  borrowed  from  Newton, 
the  physiological  and  medical  eman- 
ating from  Linnaeus  and  Boerhaave, 
and  the  psychological  coming  from 
Locke  and  Shaftesbury.  Lange,  in 
his '  History  of  Materialism '  (transl. 
by  Thomas,  London,  1880,  3  vols.), 
was  the  first  to  point  out  clearly  the 
correct  chronology  and  succession 
of  these  writings  (see  especially  vol. 
ii.  pp.  49-123),  and  to  dispel  the 
misconceptions  which,  since  the  ap- 
pearance of  Hegel's  '  Geschichte  der 
Philosophie'  in  1833-36,  had  passed 
through  nearly  all  historical  works 
published  in  Germany.  From  his 
exhaustive  references,  it  is  evident 
that  the  extreme  views  of  La 
Mettrie,  Diderot,  and  Holbach  can- 
not be  fathered  on  any  of  the  great 
scientists  or  philosophers,  but  were 
an  attempt  to  apply  scientific  prin- 
ciples to  the  solution  of  philosophi- 
cal, ethical,  or  religious  questions, 

VOL  I. 


frequently  for  practical  and  politi- 
cal purposes. 

^  It    would    probably    be    more 
correct  to   say   that   these   daring 
attempts  to  deal  with  the  general 
problems    of    knowing  and   being, 
with  the  nature  of  the  soul  and  the 
conduct  of  life,  were  discarded  as 
premature,  and  that  the  followers 
of  Condillac  and  Locke  betook  them- 
selves to  a  more  patient  study  of 
the  facts  of  the  inner  life,  as  the 
followers  of  Buffon  forsook  his  bril- 
liant generalisations  for  the  more 
patient  and   fruitful  study   of  all 
the  forms  of  physical  nature.     And 
in  this  respect  the  Government  of 
the  Revolution  took  a  memorable 
step  when  it  founded  on  the  3rd 
brumaire,    an    iv.    (25th    October 
1795),    on    a    Report   of    Daunou, 
based  mainly  on  ideas   expounded 
by  Condorcet,  the  "Academic  des 
Sciences  morales  et  politiques."     It 
was  the  intention  to  abandon  meta- 
physical generalisations,  and  to  com- 
bine   the    scientific  and   historical 
spirit    in    the    study    of    mental, 
moral,  and  social  phenomena,  draw- 
ing extensively  on  the  assistance  of 
the   medical   sciences,  or  a  know- 
ledge of  human  nature  in  its  nor* 

K 


35 

The  Revolu- 
tion added 
the  modem 
practical 
popularisa- 
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something  different—*!^.,  the  modern  practical  popular- 
isation of  science :  it  established  its  educational  and  its 
technical  importance.     Science  was  to  be  not  an  elegant 
amusement,  or   a  refined  luxury,  nor  even  exclusively 
the  serious  occupation  of  the  rare  genius :  it  was  to  be 
the  basis  of  a  national  instruction,  and  the  foundation 
of  the  greatness  and  wealth  of  the  nation.     The  Memoirs 
of  the  Academy  were  cleansed  of  all  dangerous  general- 
isations which  might  have  brought  them  into  touch  with 
political  controversy ;  the  language  was  confined  to  the 
measured  and  concise  statement  of  facts,  or  to  theories 
capable  of  mathematical  verification  and  treatment ;  con- 
jectural  matter  was  carefully  excluded,  and  a  standard  of 
scientific  excellence,  both  in  matter  and  form,  was  raised, 
to  which  we  still  look  up  with  admiration.^     At  the  same 
time,  this  lofty  and  dignified  spirit  enlivened  the  courses 


mal  and  diseased  conditions.     This 
organiftation    produced,    during   its 
short  existence  of  only  seven  years, 
8ome    memorable   works;    but  its 
position    was    for  various    reasons 
secondary  only  :  it  was  eclipsed  by 
the   European    renown   which   the 
"  Academie  dee  Sciences  "  possessed, 
owing  to  its  historical  antecedents 
and  its  brilliant  discoveries  and  the 
practical  usefulness  of  its  labours. 
But  the  idea  of  including  ethical 
and  political  studies  under  the  term 
"Science,"  due   probably  to   Con- 
dorcet,  was  fixed  by  this  organisa- 
tion, and  has  in  the  course  of  the 
century  acquired  increasing  influ- 
ence.    From  these   beginnings  we 
shall  have  to  study  ite  career  m  an- 
other portion  of  the  present  work. 

1  According  to  Cuvier,  "  la  langue 
naturelle  de  1' Academie  des  Sci- 
ences" is  "la  langue  des  chiffres" 
CEloges,'  vol.  i.  p.  24);  "1' Acade- 
mic a  toujours  eu  pour  principe  de 


ne  se  rendre  qu'a  des  calculs  ou  a  des 
experiences  positives"  (vol.  iii.  p.  12). 
Compare  also  *  Mem.  de  I'lnstitut,' 
vol.  vii.  p.  77,  where  he  speaks  of 
the  method  of    Newton,    showing 
how   little    the   employment  of   a 
principle  like  that  of  "  vital  force" 
in  physiology  can  be  compared  with 
that   of  gravitation,   employed  by 
Newton  to  explain  the  movement 
of  the  heavenly  bodies ;  again,  vol. 
viii.  p.  139,  where  he  refers  to  the 
great  service  rendered  by  the  Aca- 
demy, "s'il  parvenait  a  diriger  les 
esprits  vers  des  recherches  positives, 
mais   longues   et   p^nibles."      And 
vol.  ix.  p.  61:  "On  aime  toujours 
h  voir  se  multiplier  dans  les  sciences 
exp^rimentales  les  moyens  simples 
d'arriver   b,  la   precision   et   de   se 
rapprocher  des  sciences  mathema- 
tiques,"  and  other  passages  quoted 
above,  p.  115  and  p.  128.     See  also 
his  remarks  on  the  Philosophy  of 
Nature,  'Rapport,'  p.  335. 
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of  lectures  delivered  in  the  great  schools  by  the  first  men 
of  the  nation,  and  became,  through  them,  the  habit  of  a 
large  number  of  ardent  pupils,  who  were  to  carry  it  fur- 
ther into  more  popular  teaching,  or  into  the  applications 
of  art  and  industry.^  The  results  of  both  are  well  known. 
We  still  live,  at  the  end  of  the  century,  under  their  im- 
mediate influence.  If  now  we  continually  appeal  to  scien- 
tific authorities  for  aid  in  the  solution  of  practical  prob- 
lems, it  is  well  to  remember  that  nothing  helped  more  to 
raise  science  to  the  eminence  of  a  great  social  power  than 
the  action  of  the  Eevolutionary  Government  in  1793. 
Whilst  it  guillotined  Lavoisier,  Bailly,  and  Cousin ;  drove 
Condorcet  to  suicide,  and  others  like  Vicq-d'Azyr  and 
Dionis  du  Sejour  into  premature  death  ;Mt  had  to  ap- 


^  See  Cuvier,  "  Reflexions  sur  les 
Sciences,"  1816,   in   *  Eloges,'   &c., 
vol.  i.  p.  24,    &c. :   "Que  Ton  re- 
cherche, ce  qu'ont  valu  h  la  France 
depuis    vingt    ana    les    inventions 
pratiques  deriv^es  des  d^ouvertes 
de  MM.  Berthollet,  Chaptal,  Vau- 
quelin,   Thenard,  &c. ,  dans  la  seule 
chimie  minerale,  dans  cette  branche 
assez  bornee  des  sciences  physiques  ; 
I'extraction  de  la  soude,  la  fabrica- 
tion de  I'alun,  du  sel  ammoniac,  des 
oxydes  de  plomb,  des  acides  mine- 
raux,   toutes  substances  que  nous 
tirions   de   I'^tranger ;   I'epuration 
des  fers,  la  cementation  de  I'acier 
et  enfin  le  ddveloppement  des  arts 
qui  emploient  ces  matidres  premi- 
eres :  il  est  clair  que  c'est  par  cen- 
taines  de  millions  qu'il  faudra  cal- 
culer."    Also,  vol.  iii.  p.  202  :  "  Les 
applications  de  la  science  h,  la  pra- 
tique avaient  fait  de  M.  Berthollet, 
lorsque  la  guerre  de  la  revolution 
^clata,  le  chimiste  le  plus  connu  du 
public,  apr^s  Lavoisier;  et  il  etait 
presque  impossible  que  Ton  ne  re- 
courat  pas  a  lui  au  moment  ou  la 


chimie  devint  pour  la  guerre  un 
auxiliaire  de  premiere  necessity,  et 
lorsqu'il  fallut   demander  h  notre 
sol  le  salpetre,  la  potasse  et  jus- 
qu'aux   mati^res    colorantes ;   qu'il 
fallut  apprendre  a  faire  en  quelques 
jours  toutes  les  operations  des  arts. 
Chacun  se  souvient  de  cette  prodi- 
gieuse  et  subite  activite  qui  etonna 
I'Europe,    et    arracha    des    ^loges 
meme  aux  ennemis  qu'elle  arreta. 
M.  Berthollet  et  son  ami  M.  Monge 
en  furent  I'Ame." 

2  Vicq-d'Azyr  (1748-94),  the  great 
forerunner  of  Cuvier  in   the  new 
science   of    comparative    anatomy, 
"au   sortir  d'une  de  ces  parodies 
sinistres  d^corees  du  nom  de  fete 
nationale,  ^tait  saisi  d'un  mal  qui 
I'enlevait  en  quelques  instants  dans 
le  d^lire   de  la   peur.      Dionis  du 
Sejour  (1734-94),  apres  deux  anndes 
d'effroi  et   de  misere,  ne  trouvait 
plus  assez  de  force  pour  gotiter  les 
temps   moins   malheureux   amends 
par    la    chute    de    Robespierre" 
(Maury,   'Les  Academies  d'autre- 
fois,'  vol.  i.  p.  332). 
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peal  for  its  most  necessary  requirements  to  the  society 
of  scientific  authorities,  which  it  professed  not  to  need. 
"  Everything,"  says  the  historian  of  the  Academy,     was 
wanting  for  the  defence  of  the  country-powder,  cannons, 
provisions.    The  arsenals  were  empty,  steel  was  no  longer 
imported  from  abroad,  saltpetre  came  not  from  I^^di^-    " 
was  exactly  those  men  whose  labours  had  be^n  proscribed 
who  could  give  to  France  what  she  wanted.     Fourcroy, 
assisted  by   researches  begun  by  Lavoisier,  taught  the 
methods  of  extracting  and  refining  saltpetre ;  Guyton  de 
Morveau  and  Berthollet  made  known  a  new  method  of 
manufacturing  gimpowder,  and  studied   the  makmg  of 
iron  and  steel ;  Monge  explained  the  art  of  castmg  and 
borin.  cannons  of  brass  for  land  use,  and  cast-iron  cannons 
for  the  navy.     On  the  6th  of  August  1793  the  Conven- 
tion had  again  to  appeal  to  the  Academy  in  order  to  know 
what  advantage  it  would  be  to  refine  as  much  as  possible 
the  coins  of  the  Eepublic  ? "    In  the  space  of  a  few  years 
science  had  become  a  necessity  to  society  at  large.     In  the 
Constitution  of  the  regenerated  Academies  it  was  placed  at 
the  head,  as  the  most  important  department  of  knowledge. 
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36. 
Influence  of 


^  Maury,  loc.  cit,  vol.  i.  p.  329. 
See  also  Blot's  '  Essai  sur  I'Histoire 
generale  des  Sciences  Pendant  la 
Revolution  francaise.      Pans,  IW6. 

2  The  last  entry  in  the  record  ot 
the  "proces-verbaux  de  V  Academic 
before  the  suspension  was  a  Report 
by  Borda,  Laplace,  and  Lagrange, 
in  answer  to  a  demand  of  the  Con- 
vention, dated  19th  January  1/93, 
for  advice  on  the  new  system  of 
weights   and  measures  which   the 
Republic    should    adopt.     And   so 
necessary  had  the  assistance  of  men 
of  science  become  to  the  Govern- 
ment, that  even  during  the  suspen- 


sion,  which  lasted  from   the   8th 
Au^st  1793  till  the  22nd  August 
1795,    Lakanal   had    succeeded    in 
procuring  the  following  decree  from 
the  Government  of  the  Convention : 
♦'La  Convention  nationale  decr^te 
que  les  membres  de   la  ci-Cevant 
Academie  des  Sciences  contmueront 
de  s'assembler  dans  le  lieu  ordinaire 
de    leurs    seances,    pour   s'occuper 
sp^cialement   des    objets   qui  leur 
auront  ^te  ou  pourront  leur  etre 
renvoyes  par  la  Convention  natio'i- 
ale"    (Maury,    loc.    cit.,    p.    331; 
Aucoc,   *L'Institut  de  France,    p. 
ccvii,  &c.) 


The  influence  of  the  first  Napoleon  on  science  is  natur- 
ally a  matter  of  as  much  controversy  as  his  merit  in  «;«^pj^ 
almost  every  branch  of  administration.      The  reports^  on  science 


^  According  to  a  decree  of  the 
Government,  dated  13th  ventose,  an 
X.  (4th  March  1802),  the  Institute, 
then  consisting  of  three  classes— 
the  "Academie  des  Sciences  phy- 
siques   et    mathematiques,"     the 
"Academie   des   Sciences    morales 
et  politiques,"  and  the  "Academie 
de   Litt^rature   et  Beaux -arts"— 
was  ordered  to  furnish  "  un  tableau 
de  I'etat  et  des  progr^s  des  sciences, 
des  lettres  et  des  arts,  depuis  1789 
jusqu'au   V^   vend^miaire   an    x." 
This  "tableau"  was  to  be  divided 
into  three  parts  according  to  the 
three  classes  of  the  Institute.  These 
Reports  were  to  be  repeated  every 
five  years.      The  first  (and  only) 
Reports  were  not  presented  before 
February  and   March   1808.     The 
Republican  Government  had  then 
been  superseded  by  the  Empire,  and 
by  a  decree  of  the  3rd  pluviose,  an 
xi.  (23rd  January  1803),  the  Institute 
had  been  reorganised.    There  were 
now  four  classes  :   1.  Des  Sciences 
physiques  et  mathematiques  (corre- 
sponding to  the  old  Academie  des 
Sciences).     2.  De  la  langue  et  de  la 
litterature   fran9aises   (correspond- 
ing to  the  old  Academie  frangaise). 
3.  D'histoire  et  de  litterature  anci- 
enne  (corresponding  to  the  "  Acad- 
emie   d'Inscriptions  et  de   Belles- 
lettres").    4.  Des  beaux-arts.    "  On 
eupprima    la    classe    des    sciences 
morales  et  politiques   qui  existait 
dans  I'organisation  du  3  brumaire, 
an  iv.     Ce  fut  un  trait  caracteris- 
tique  de  la  repugnance  du  premier 
Consul     pour    la    discussion     des 
mati^res  politiques  et  leur  enseigne- 
ment"  (Thibaudeau, '  Le  Consulat  et 
I'Empire,'  Paris,  1835-37,  vol.  iii.  p. 
396).     Accordingly  there  were  pre- 
pared four,  or  rather  five,  Reports, 
he  first  in  two  parts  by  Delambre 


and  Cuvier  on  the  progress  of  the 
Mathematical  and  Physical  Sciences ; 
the  second  by  Marie-Joseph  Chenier 
on  the  progress  of  Literature  ;  the 
third  by  Dacier  on  the  progress  of 
History  and  Classical   Literature ; 
the  fourth  by  Le  Breton  on  Fine 
Arts.     Of  these  the  two  Reports  of 
Delambre  and   Cuvier  gave  great 
satisfaction,  that  of  Dacier  gave  less 
satisfaction  ;  Chenier,  who  himself 
admired    the    eighteenth  -  century 
philosophy,  had  an  embarrassing  task 
to  perform,  of  which,  however,  he 
acquitted  himself  worthily  (Thibau- 
deau, loc.  cit,  vol.  vi.  p.  557).     The 
Report  of  Chdnier  has  been  several 
times  reprinted.     The  new  science 
which  was  founded  by  Condillac, 
Turgot,  Condorcet,  and  others,  and 
which  aimed  at  introducing  the  truly 
scientific  spirit  into  psychology,  psy- 
cho-physical researches,  and  ques- 
tions of  society  and  legislation,  re- 
ceived no  recognition,  as  it  had  also 
lost  its  representation  in  the  sus- 
pended   '  *  Academie    des    Sciences 
morales  et  politiques."     After  the 
re-establishment  of  this  section  of 
the  Institute  in  1832,  a  royal  decree 
of  22nd  March  1840  ordered  a  Re- 
port on  the  progress  of  the  Moral 
and  Political  Sciences  from  1789  to 
1832.     The  task  was  so  great  that 
it  could  not  be  accomplished  before 
the  Revolution  of   1848,   and  was 
therefore  abandoned  (Aucoc, '  L'ln- 
stitut  de  France,'  pp.  62  note,  300). 
Some  reference  to  the  subject  is 
contained  in   the   introduction    to 
Chenier's  Report,  and  in  the  last 
chapter    of    Dacier's,    which    was 
written  by  De  Gerando.     The  true 
history  of  the  new  science  has  been 
recently   written   by    F.    Picavet, 
*Les  Ideologues,'  Paris,  1891. 
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which  Delambre  and  Cuvier  drew  up  at  his  request, 
touching  the  progress  of  science  during  the  twenty  years 
which  followed  the  outbreak  of  the  Kevolution,  have 
become  classical  as  monuments  of  the  achievements  of  a 
great  age,^  and  as  examples  of  the  best  style  in  which  to 
treat  such  a  subject.  Written  immediately  under  his  eye, 
they  cannot  be  considered  quite  impartial,  so  far  as  the  tone 
is  concerned  in  which  they  refer  to  his  personal  favours 
and  protection.'^  There  can,  however,  be  no  doubt  that 
he  recognised  scientific  merit,  and  drew  many  eminent 
men  of  science  into  the  service  of  the  Government.  The 
institutions  on  which  he  prided  himself  so  much, — the 
£cole  Normale,  the  £cole  Polytechnique,  and  the  unfin- 
ished scheme  of  a  great  centralised  Institution  of  Learn- 
ing and  Education,  descending  from  the  heights  of  the 
Institute,  through  the  various  branches  of  the  higher  and 
secondary  into  a  multitude  of  primary  schools,  bearing 
the  name  of  the  "University," — had  either  existed,  or 
been  planned  before  him.^ 


^  Napoleon  in  discussing  at  the 
council  meeting  the  decree  which 
ordered  the  several  reports,  said  to 
Regnaud  :  **  Soignez  bien  cette  re- 
daction, car  elle  sera  examinee  par 
les  pedagogues  de  toute  I'Europe" 
(Thibaudeau,  loc.  cit.,  vol.  ii.  p.  496). 

2  See  what  Cuvier  himself  says 
on  this  subject  (Memoires,  &c.,  in 
Flourens,  '  Eloges,'  vol.  iii.  p.  187) : 
"  Un  rapport  sur  le  progr^s  des 
Bciences  devait  etre  presente  aux 
consuls  en  fructidor  an  xi.  .  .  . 
Ou  ne  fut  pret  qu'a  la  fin  de  1807  : 
ce  n'etait  plus  aux  consuls  mais  a 
I'empereur  que  Ton  avait  a  pre- 
senter le  travail.  II  le  re^ut  avec 
un  grand  appareil  dans  la  seance  du 
conseil  d'Etat.  M.  Delambre  et 
moi  presentames  le  notre  les  pre- 


miers ;  le  3  fevr.  1808,  accom- 
pagnes  de  Bougainville,  president, 
et  des  doyens  de  toutes  les  sections. 
La  ceremonie  fut  solennelle  ;  I'em- 
pereur fit  une  belle  reponse,  qui 
est  imprim^e  a  la  fin  du  rapport. 
Je  sus  le  lendemain,  par  M.,  de 
S^gur  et  d'autres  couseillers  d'Etat, 
qu'il  avait  exprime  une  grande  satis- 
faction de  mon  rapport  en  parti- 
culier  :  '  II  m'a  loue  com  me  j'aime  a 
I'etre,  dit-il.'  Cependant  je  m'etais 
borne  a  I'inviter  a  imiter  Alexan- 
dre et  h  faire  toumer  sa  puissance 
au  profit  de  I'histoire  naturelle." 

*  Regarding  the  University,  see 
*  Code  Universitaire  ou  Lois,  Statuts 
et  R^glemens  de  I'Universite  Royale 
de  France,  mis  en  ordre  par  M. 
Ambroise  Rendu,'  Paris,  1835.    In 


37. 
Napoleon 


It  will  therefore  always  remain  a  matter  of  doubt  to 
what  extent  he  originated  ideas,  or  merely  adopted  those 
of  others  before  and  around  him.  He  favoured  the  mathe- 
matical sciences,  and  created  great  prizes  for  physical,  ^^^^^^ 
notably  electrical,  discoveries,  partly  because  these  pursuits 
promised  to  surround  his  Government  with  glory,  partly 
because  he  recognised  their  practical  importance  for  the 
purposes  of  the  state  and  nation ;  partly  also,  because  he 
himself  had  had  a  mathematical  training.^     During  his 


the  Introduction  we  read  as  follows  : 
"Bonaparte  passait  h.  Turin.     Un 
jour  qu'il  parcourait  le  palais  de 
I'Universite    fondle   en    1771    par 
Charles  Emmanuel  III.,  il  se  fit  re- 
presenter  les  statuts  qui  regissaient 
cette  institution.     II  y  vit  quelque 
chose  de  grand  et  de  fort  qui  le 
frappa.      .      .      .      Tout   ce   plan 
d'education  etabli  sur  la  base  an- 
tique et  imp^rissable  de  la  foi  chre- 
tienne,  tout  cela  lui  plut,  et  il  en 
garda  la  m^moire  jusqu'au  sein  de 
ses  triomphes  en  Italie  et  en  AUe- 
magne.      Rassasi^   enfin   de  gloire 
militaire,  et  songeant  aux  genera- 
tions futures,  apres  avoir  solidement 
etabli  I'administration  civile,  apres 
avoir  releve  les  autels  et  promulgue 
le  Code  Napoleon,  apr^s  avoir  par 
differentes  lois,  substitu^  les  Lycees 
aux  Ecoles  Centrales,  regenere  les 
Ecoles    de   M^decine,    et   cr^^   les 
Ecoles   de  Droit,  il  voulut  fonder 
aussi  pour  la  France  un  syst^me 
entier  d'instruction  et  d'education 
publique.     II  se  souvenait  de  I'uni- 
versite  de  Turin  et  I'agrandissant 
comme  tout  ce  qu'il  touchait,  dans 
la  double  proportion  de  son  empire 
et  de  son  genie,  il  fit  I'Universite 
imperiale." 

^  Among  many  references  relat- 
ing to  this  subject,  I  select  one  from 
Villemain,  *  Souvenirs  contempor- 
aius  d'Histoire  et  de  Litterature,' 
which  in  the  first  volume  (9™«  ed., 


Paris,  1874,  p.   137)  contains,  the 
description  of  a  visit  to  the  Ecole 
Normale  in  1812,  and  a  discussion 
with  Narbonne,  to  whom  the  Em- 
peror had  fully  expressed  his  aims 
regarding    education     and    learn- 
ing.     "L'Empereur   n'est  inquiet 
que  d'une  chose  dans  le  monde,  les 
gens  qui  parlent,  et  k  leur  defaut 
les  gens  qui    pensent.     ...     II 
veut,  et  il  me  I'a  dit  vingt  fois,  que 
son  r^gne  soit  signale  par  de  grands 
travaux   d'esprit,   de   grands    ouv- 
rages  litteraires.     litre  lou^  comme 
inspirateur  de  la  science  et  des  arts, 
etre  le  chef  eclatant  d'une  epoque 
glorieuse  pour  I'esprit  humain,  c'est 
I'idee  qui  le  flatte  le  plus  ;  c'est  ce 
qu'il  a  cherchd  par  des  Prix  Decen- 
naux.     ...     II  veut  (a  I'Ecole 
Normale)  des  etudes  f ortement  clas- 
siques,   I'antiquite  et  le  si^le   de 
Louis  XIV. ;  puis  quelques  elements 
de  sciences  mathematiques  et  plus 
tard  la  haute  geometrie,  qui  est, 
dit-il,  le  sublime  abstrait,  comme  la 
grande  poesie,  la  grande  eloquence 
est  le  sublime  sensible."     Napoleon 
said    to    Narbonne:    "J'aime    les 
sciences    mathematiques    et    phy- 
siques ;   chacune   d'elles,   I'algebre, 
la   chimie,   la  botanique,    est   une 
belle  application  partielle  de  I'esprit 
humain ;  les  lettres,  c'est  I'esprit 
humain  lui-meme.     .     .    .     Aussi, 
j'ai  deux  ambitions :  eiever  la  France 
au  plus  haut  degre  de  la  puissances 
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campaigns  in  Italy  and  Germany,  and  on  his  expeditions 

to  Egypt  and  the  East,  he  surrounded  himself  with  some 

of  the  greatest  scientific  authorities,  such  as  Berthollet 

and  Monge.     From  political  as  well  as  personal  motives, 

88.       he  discountenanced  the  once  fashionable  sensualistic  phil- 

SLtXthe  osophy.     This  philosophy  has  now  fallen  to  the  second 

iSl'f  ^^^^'  ^^^^g^  ^^'^^  represented  by  eminent  thinkers,  such 

pSi^^iphy.  g^g  Cabanis,  Destutt  de  Tracy,  Daunou  and  Garat.     It 

was  these  thinkers  of  whom  Napoleon  sneeringly  spoke 

under  the  designation  of  "  Ideologues."  ^ 

After  all  that  has  been  said  by  admirers  to  magnify, 
and  by  opponents  to  minimise.  Napoleon's  merits  in  pro- 
moting the  cause  of  science,  and  in  spreading  the  modern 
scientific  spirit,  I  cannot  but  recognise  that  he  was,  amongst 
the  great  heroes  and  statesmen  of  his  age,  the  first  and 
foremost,  if  not  the  only  one,  who  seemed  thoroughly  to 
realise  the  part  which  science  was  destined  to  play  m 


guerri^re  et  de  la  conquete  afifermie, 
puis  y  developper,  y  exciter  tous 
lea  travaux  de  la  pens^e  sur  une 
echelle  qu'on  n'a  pas  vue  depuis 
Louis  XIV.  C'etait  le  but  de  mes 
Prix  Decennaux  qu'on  m'a  gates  par 
de  petites  intrigues  d'ideoiogues,  et 
de  couronnements  ridicules,  comme 
celui  du  catechisme  de  Saint- 
Lambert." 

1  A  full  account  of  these  authors, 
their  influence  and  their  aims,  will 
be  found  in  F.  Picavet,  *  Les  Ideo- 
logues,  Essai  sur  I'histoire  des  id^es 
et  des  theories  scientifiques,  philo- 
Bophiques,  religieuees,  &c.,  en  France 
depuis  1789,'  Paris,  1891. 

Thibaudeau,  '  Le  Consulat  et 
I'Empire,'  gives  many  details  re- 
garding Napoleon's  connection  with 
science,  with  literature,  and  with 
the  growing  industries  of  France. 
Among    the    latter  see    especially 


the  great  efforts  made  to  supersede 
colonial  and  foreign  goods  by  home 
productions.    Prizes  and  encourage- 
ments   of    all    sorts    were    given  ; 
technical  schools  and  colleges  were 
established  ;  exhibitions  were  pro- 
moted.    Sheep  were  imported  from 
Spain,  sugar  was  made  from  raisms 
and  beetroot,  saltpetre  and  soda  by 
chemical  processes,  the  garance  or 
madder  root  and  the  Jcermes  were  to 
take  the  place  of  cochenifie  ;  the  pas- 
td  the  place  of  the  imported  indigo. 
That    an    enormous    impetus    was 
thus  given  to  chemistry  cannot  be 
denied.     (See  Thibaudeau,  passim, 
and  especially  vol.  v.  p.  248,  &c.) 
See  also   Cuvier's    'Rapport,'   &c., 
for  an  account   of   applications  of 
science,    especially   chemistry,    pp. 
376-386,  and  Delambre,  '  Rapport, 
&c.,  pp.  326-362. 
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the  immediate  future.  This  part,  as  we  know,  it  has 
played  both  by  entirely  changing  the  external  face  of 
things,  and  by  running  out  into  endless  applications ;  and 
we  have  seen  the  importance  of  that  statistical  spirit  of 
numbering,  measuring,  and  registering,  by  which  alone 
a  survey  of  complicated  phenomena  is  possible.  Of  the  ^^  J^^^, 
statistical  method  Napoleon  himself  made  use  on  an  ex-  ^J^^e^exten- 
tensive  scale :  perhaps  he  was  the  first  among  rulers  to  ^f  ^^S'^; 
do  so.^  That  the  great  leader  of  men  has  to  recognise 
not  only  the  inductive  philosophy  of  statistics  and  aver- 
ages, but  likewise  governing  ideas  of  a  different  class. 
Napoleon  was  well  aware,  and  his  ultimate  failure  may 
be  traced  to  the  fact  that,  however  great  as  a  general 
and  as  a  calculator,  his  soul  had  no  room  for  those  high, 
religious,  and  unselfish  motives  of  which  he  himself  said 
to  Fontanes,  that  they  in  the  end  always  decide  the  fate 
of  nations.^  Yet  he  belongs  to  the  small  company  of 
great  military  figures  in  history — a  company  which  in- 
cludes Alexander  the  Great,  Caesar,  and  Peter  the  Great 


^  See  Delambre,  'Rapport,'  &c., 
p.  222.  "  Depuis  le  peu  de  temps 
qu'on  s'en  [i.e.,  with  statistics]  oc- 
cupe  en  France,  elle  y  a  fait  les 
plus  grands  progr^s,  au  moyen  de 
I'attention  particuli^re  et  des  se- 
cours  que  le  Gouvernement  francois 
donne  h>  tous  les  travaux  utiles. 
Les  pr^fets  des  departemens  ont  ^t^ 
invites  a  recueillir  et  k  transmettre 
au  Ministre  de  I'int^rieur  les 
renseignemens  les  plus  precis  sur 
toutes  les  questions  qui  sont 
ressort  de  la  statistique." 

2  See  '  (Euvres  litteraires 
Napoleon  Bonaparte,'  vol.  iii.  p. 
Conversation  avec  Fontanes,  Saint 
Cloud,  19  Sept.  1808:  "Fontanes, 
savez-vous  ce  que  j 'admire  le  plus 
dans   le   monde?     C'est  I'impuis- 


du 

de 
5: 


sance  de  la  force  pour  organiser 
quelque  chose.  II  n'y  a  que  deux 
puissances  dans  le  monde  :  le  sabre 
et  I'esprit.  J'entends  par  I'esprit 
les  institutions  civiles  et  religieuses. 
A  la  longue,  le  sabre  est  toujours 
battu  par  I'esprit."  Also  vol.  iv. 
p.  423  :  "  Les  vraies  conquetes,  les 
seules  qui  ne  donnent  aucun  re- 
gret, sont  ceux  que  Ton  fait  sur 
r  ignorance.  L' occupation  la  plus 
honorable  comme  la  plus  utile  pour 
les  nations,  c'est  de  contribuer  a 
I'extension  des  id^s  humaines.  La 
vraie  puissance  de  la  Republique 
fran9aise  doit  consister  desormais 
a  ne  pas  permettre  qu'il  existe  une 
seule  id^e  nouvelle,  qui  ne  lui  ap- 
partienne." 
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—who  have  succeeded  in  permanently  inscribing  their 
names  in  the  annals  of  science  beside  those  of  its  true 
and  great  representatives.  Some  of  the  glory  of  Laplace 
and  Cuvier  falls  upon  him.  Except  for  this  Napoleon  has 
ficVoirS;  scarcely  a  place  in  the  history  of  thought.  In  it  those 
mainly  den-  ^^^  ^^^^  Kapolcou's  scrvauts  are  rulers  and  lawgivers; 

it  is  they  who  enlighten  our  century.     They  were  the  first 
great  exponents  of  the  scientific  spirit,  nursed  under  the 
influence  of  the  academic  system.     This  was  peculiarly 
a  product  of  the  French  mind  and  culture.     It  is  well 
to  recall  in  the  words  of  Cuvier  what  the  scientific  spirit 
ia.     At  the  end  of  the  report  which  he  presented  in  the 
year  1808  he  says  :^  "These  are  the  principal  physical 
discoveries  which  have  lighted  up  our  period,  and  which 
open  the  century  of  Napoleon.     \Vhat  hopes  do  they  not 
raise!  how   much   does   not   the  general  spirit  signify, 
which  has  brought  them  about,  and  which  promises  so 
much  more  for  the  future!     All  those  hypotheses,  all 
those   suppositions,  more   or  less  ingenious,  which  had 
still  so  much  sway  in  the  first  half  of  the  last  century, 
are  now  discarded  by  true  men  of  science :  they  do  not 
even  procure  for  their  authors  a  passing  renown.     Experi- 
ments  alone,  experiments  that  are  precise,  made  with 
weights,  measures,  and  calculation,  by  comparison  of  all 
V  substances  employed  and  all  substances  obtained:   this 
to-day  is  the   only  legitimate  way    of    reasoning  and 
demonstration.     Thus,  though  the  natural  sciences  escape 
the  appUcation  of  the  calculus,  they  glory  in  being  subject 
to  the  mathematical  spirit,  and  by  the  wise  course  which 
they  have  invariably  adopted,  they  do  not  expose  them- 

1  *  Rapport, '&c.,  p.  389. 
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selves  to  the  risk  of  taking  a  backward  step ;  all  their 
propositions  are  established  with  certainty,  and  become 
so  many  solid  foundations  for  that  which  remains  to  be 
built."  ^ 

Nor  can  we  look  upon  the  great  prominence  which 
Cuvier  gives  to  French  names  in  the  course  of  his  survey  proSnce 

.    ,         TT  given  to 

as  unjust  or  partial.     He  was  well  aware  of  the  contribu-  f^«°^^ 

names  by 

tions  of  other  nations :  no  one  has  spoken  in  more  gen-  ^"^'^^'^' 
erous  and  correct  terms  of  Priestley  and  Cavendish,  of 
Banks  and  Eumford,  of  Pallas,  Werner,  and  Humboldt. 
We  must  admit  the  correctness  of  the  remark,  "that 
even  in  those  departments  where  chance  has  willed  that 
Frenchmen  should  not  make  the  principal  discoveries, 
the  manner  in  which  they  have  received,  examined,  and 
developed  them,  and  followed  them  out  into  all  their 
consequences,  places  their  names  next  to  those  of  the 
real  inventors,  and  gives  them  in  many  ways  the  right 
to  share  in  the  honour."  ^ 

In  the  first  decades  of  this  century  the  home  of  the 
scientific  spirit  was  France :  for  though  not  born  there, 
it  was  nevertheless  there  nursed  into  full  growth  and 
vigour.      But  it  soon  set  out  on  its  wanderings  through 


^  Compare  also  the  "Reflexions 
sur  la  marche  actuelle  des  Sci- 
ences," being  the  introduction  to 
the  '  Eloges  historiques,'  vol.  i.  p. 
1,  &c. 

^  'Rapport,'  p.  391.  It  is  also 
remarkable  how  clearly  Cuvier  here 
announces  the  defects  which  the 
teaching  of  science  was  still  labour- 
ing under.  Whilst  he  rightly 
praises  the  great  Paris  institutions, 
the  medical  schools,  the  mathe- 
matical, physical,  and  polytechnic 
establishments,  the  new  schools  of 


technology  and  agriculture,  as  un- 
equalled organisations  for  higher 
instruction,  he  draws  attention  to 
the  absence  of  equally  efficient  ele- 
mentary schools  and  to  the  neglect 
of  those  provincial  institutions 
which  before  that  age  had  already 
done  so  much  to  disseminate  know- 
ledge and  learning.  At  the  end  of 
our  century  both  France  and  Great 
Britain  have  still  only  very  partially 
supplied  the  wants  which  Cuvier  bo 
clearly  defines  in  the  beginning. 
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Other  lands  and  nations.      At  the  end  of  our  century- 
nay,  even  during  the  whole  of  the  second  half— we  find 
this  spirit  naturalised  in  Italy,  in  Germany,  in  England, 
in  the  north  and  east  of  Europe.     There  is  now  no  science 
which  can  be  named  pre-eminently  after  one  nation.     All 
nations  have  contributed  their  share  to  the  cosmopolitan 
power  and  influence  which  science  possesses.     They  have 
enlarged  and  deepened  the  scientific  spirit  and  widened 
its  career.      Thus  far  it  has  been  the  growth  of  the 
scientific  spirit  which  has  occupied  us;    we  must  now 
proceed  to  study  its  diffusion,  and  learn  to  recognise  the 
peculiar  features  which  Germany  and  England  have  on 
their  part  contributed.     In  doing  so,  we  must  turn  away 
for  a  moment  from  the  academic  system  with  which  we 
have  been  specially  occupied. 


IN 


CHAPTER   II. 

THE  SCIENTIFIC  SPIRIT  IN  GERMANY. 

"  No  Augustan  epoch  flowered, 
No  Lorenzo  favours  showered 

Ever  German  Art  upon  ; 
She  was  not  by  glory  nourished 
And  her  blossom  never  flourished 

In  the  rays  of  Royal  sun."  ^ 

Perhaps  with  more  correctness  Schiller  might,  early  in 
the  century,  have  applied  these  lines  to  German  science 
than  to  German  art.  If  art  and  poetry  were  only  slightly 
indebted  to  princely  protection,  German  science  was  still 
less  so.^     Leibniz's  scientific  labours  languished  while  he 


1  Schiller,  "  Die  deutsche  Muse." 

2  Astronomy  was  the  only  science 
that  enjoyed  some  little  princely 
favour.  William  IV.,  sumamed 
"the  Wise,"  son  of  Philip  the 
Magnanimous  of  Hesse  and  himself 
Elector,  was  an  astronomer  of  some 
note,  and  stood  in  intimate  re- 
lations with  Mercator,  Tycho,  and 
other  astronomers.  In  1561  he 
built  himself  an  observatory  at 
Cassel  and  appointed  Rothmann  to 
be  his  "  Mathematicus."  Frederick 
II.  of  Denmark  gave  Tycho  a 
magnificent  observatory,  called 
"  Uranienburg,"  where  he  laboured 


from  1576  to  1597,  but  which  was 
subsequently  destroyed.  Tycho 
was  then  employed  by  the  Emperor 
Rudolf  II.,  and  inaugurated  the 
observatory  in  Prague  (1599-1601)  ; 
he  made  Kepler  his  assistant,  and 
enabled  the  latter  by  the  use  of  his 
observations  to  find  and  prove  his 
three  celebrated  laws  {"  Astronomia 
nova,"  Prague,  1609  ;  "  Harmonices 
mundi,"  Linz,  1619;  "Tabulae 
Rudolphinae,"  1627).  Full  details 
will  be  found  in  Rudolf  Wolf, 
*  Geschichte  der  Astronomic,'  Miin- 
Chen,  1877,  p.  266,  &c. 
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occupied  the  position  of  historiographer  and  diplomatist 
at  the  Court  of  Brunswick,^  and  Tobias  Mayer's  valuable 
observations  were  only  published  with  the  aid  of  English 
money .^  But  if  the  German  princes  did  little  or  nothing 
directly  for  the  development  of  science,  they  indirectly 


1  Leibniz  (1646-1716)  entered, 
1676,  the  service  of  John  Frederick, 
Duke  of  Hanover,  as  librarian  and 
councillor.  The  Duke  died  1679, 
and  Ernest  Augustus,  who  in  1692 
was  made  Elector  of  Hanover,  suc- 
ceeded him.  Leibniz's  time  was 
taken  up  with  diplomatic  and  legal 
researches  and  negotiations  refer- 
ring to  the  position  of  the  House 
of  Hanover,  and  the  reunion  of  the 
Protestant  and  Roman  Catholic 
Churches  ;  latterly  with  genealogi- 
cal and  antiquarian  studies  refer- 
ring to  the  history  of  the  House  of 
Brunswick.  He  wrote  the  '  Annales 
imperii  occidentis  Brunsvicenses,' 
beginning  with  the  year  768,  the 
date  of  the  accession  of  Charles  the 
Great,  from  whom  Leibniz  proved 
that  the  House  of  Brunswick  de- 
scended through  the  Italian  House 
of  Este.  He  carried  the  history 
down  to  the  year  1005,  closing  a 
few  days  before  his  death  with  the 
words  "quos  ex  tenebris  eruendos 
aliorum  diligentise  relinquo."  The 
work  was  not  printed  till  1843, 
when  G.  H.  Pertz,  the  first  editor 
of  the  celebrated  '  Monumenta 
Germanise'  founded  by  the  great 
Stein,  published  it  with  an  elabor- 
ate preface.  Of  the  annoyances  to 
which  Leibniz  was  subjected  in  the 
course  of  his  studies,  see  an  account 
in  the  correspondence  with  the 
Minister  von  Bernstorflf  (1705-16), 
published  by  Doebner,  Hanover, 
1882,  introduction.  See  also  Guh- 
rauer,  *  Leibnitz,  eine  Biographic,' 
2  vols.,  2nd  ed.,  Breslau,  1846. 
Considering  the  greatness  of 
Leibniz  in  so  many  different 
directions,     his     motto     is     note- 


worthy :  "  Didici  in  mathematicis 
ingenio,  in  natura  experimentis,  in 
legibus  divinis  humanisque  auctori- 
tate,  in  historia  testimoniis  niten- 
dum  esse  ' 

2  Tobias  Mayer  (1723-62),  born 
at  Marbach,  the  birthplace  of 
Schiller,  from  1751  Professor  of 
Economics  and  Mathematics  at 
Gottingen.  To  use  the  words  of 
Karsten  Niebuhr,  "Though  he 
had  never  seen  a  big  ship,  he 
taught  the  English  how  to  deter- 
mine the  longitude  on  the  open 
sea."  He  competed  for  the  great 
prize  of  £20,000  offered  in  1713  by 
the  Board  of  Longitude  for  a  method 
of  determining  the  longitude  at 
sea  within  ^°  accurately  ;  smaller 
prizes  being  offered  for  an  accuracy 
of  §°  and  V.  The  prize  of  £5000, 
and  subsequently  of  £10,000,  was 
awarded  to  Harrison  in  1758  and 
1764  for  his  chronometers.  Euler 
and  Mayer  laboured  in  a  different 
direction  at  the  same  subject,  by 
publishing  lunar  tables  and  per- 
fecting the  lunar  theory.  After 
repeated  revisions,  Mayer  sent  his 
tables,  1755,  to  London,  where  they 
were  submitted  to  Bradley,  who  re- 
ported favourably  on  them.  After 
further  corrections,  and  after  also 
submitting  his  theory,  Mayer's 
widow  received,  in  1765,  £5000, 
Euler  £3000,  and  the  work  was 
published,  1770,  by  order  of  the 
Board  of  Longitude,  under  the 
title  *  Tabulae  motuum  solis  et 
lunse  novae  et  correctai,  auctore 
Tob.  Mayer :  Quibus  accedit 
methodus  longitudinum  promota 
eodem  auctore.' 
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furthered  her  cause  most  powerfully  by  founding  that 
great  institution  of  culture,  which  more  than  anything 
else  is  characteristic  of  the  German  mind,  in  which  it 
has  found  its  most  perfect  expression,  and  where  it  can 
be  most  exhaustively  studied — the  system  of  the  German 
universities. 

"  There  is  no  people,"  says  Mr  James  Bryce,  "  which 
has  given  so  much  thought  and  pains  to  the  development  mentofthe 

o  ox-  X  universities 

of  its  university  system  as  the  Germans  have  done- 
which  has  profited  so  much  by  the  services  universities 
render — none  where  they  play  so  large  a  part  in  the 
national  life."  ^  If  it  is  correct  to  say  that  this  system 
owed  its  foundation  to  the  German  princes,  it  is  equally 
true  that  its  development  is  the  work  of  the  German 
people.^      It   may  be    doubtful    whether,    without    the 


2. 

Develop- 


^""^  people. 


^  See  James  Bryce's  preface  to 
the  English  translation  of  Conrad's 
valuable  book,  'The  German  Uni- 
versities for  the  last  Fifty  Years,' 
Glasgow,   1885,  p.  xiii. 

'^  A  great  deal  has  been  written 
about  the  German  universities. 
For  the  purposes  of  a  History  of 
Thought,  I  confine  myself  to  a 
reference  to  the  valuable  writings 
of  F.  Paulsen,  *  Geschichte  des 
gelehrten  Unterrichts  auf  den 
deutschen  Schulen  und  Universi- 
taten,'  Leipzig,  1885,  and  two 
essays  in  the  45th  volume  of 
Von  Sybel's  'Historische  Zeit- 
schrift,'  1881.  The  succeeding 
phases  of  mediaeval  and  modern, 
of  Roman  Catholic  and  Protestant, 
of  the  thought  of  the  Church,  the 
Renaissance,  the  classical  and  the 
modem  ideals,  are  all  reflected  in 
the  foundation  and  reform  of  the 
universities  and  high  schools  of 
Germany  and  the  surrounding 
countries.  The  first  foundations, 
in  imitation  of  the  universities  of 


Paris  and  of  Italy,    were   Prague 
1348,     Vienna     1365,     Heidelberg 
1386,  Cologne  1388,  Erfurt  1392, 
Wiirzburg     1402,     Leipsic     1409, 
Rostock  1419.     A  second  epoch — 
under  the  influence  of  the  human- 
istic studies — begins  in  the  middle 
of  the  fifteenth  century  and  adds 
eight  new  foundations — Greifswald 
1456,    Freiburg  1457,   Trier  1457, 
Basel  1459,  Ingolstadt  1472,  Tubin- 
gen 1477,  Mainz  1477,  Wittenberg 
1502,  Frankfort  on  the  Oder  1506 
(Paulsen,  'Geschichte,*  p.  14).     A 
third  epoch  begins  with  the  Refor- 
mation.    The  first  Protestant  uni- 
versity   is   Marburg,    founded    by 
Philip  of  Hesse,   1624.      Melanch- 
thon's  influence  is  everywhere  deci- 
sive.    Tubingen  is  reconstituted  by 
Duke  Ulrich  1535  ;  Leipsic  by  Duke 
George   1539.      Basel,   after  three 
years'  suspension,  is  reopened  1532. 
Frankfort  on  the  Oder  is  reopened 
by  Joachim  of  Brandenburg  1537, 
who  also  founds  the  new  University 
of  Konigsberg  1541.     Greifswald  is 
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individual  influence  of  the  former,  without  the  divided 
interests  of  the  dismembered  empire,  without  the  con- 
flicting religious  views,  the  political  and  personal  rivalry 
of  the  many  states  and  sovereigns,^  so  many  scattered 
centres  of  culture  and  learning  would  have  sprung  so 
early  into  existence;  but  it  is  not  doubtful  that  it  is 
owing  to  the  common  interests  of  the  nation,  to  the 
uniting  tie  of  the  same  language,  the  same  thought,  and 
the  same  aspirations,  that  these  scattered  centres  have 
been  in  course  of  time  united  into  a  great  network,^  a 
vast  organisation  for  the  higher  intellectual  work  of  the 
nation  and  of  mankind.  The  German  nation  may  pride 
itself  on  possessing  at   the  present  moment  the  most 


reconstituted  on  a  Protestant  foun- 
dation 1539;  Rostock  in  1540-50; 
Heidelberg  by  the  Elector  Frederick 
II.  in  1544.  Jena  is  founded  1558 
by  John  Frederick,  Helmstiidt  by 
Julius  of  Brunswick  in  1 568  ;  Gies- 
sen  followed  in  1607  ;  Riuteln  in 
1621  ;  Altdorf  in  1662.  Of  the 
greatest  influence  on  German  cul- 
ture were  the  Dutch  Protestant  uni- 
versities—Ley  den  1575,  Franeker 
1585,  Utrecht  1634,  Harderwyk 
1648  ;  they  were  for  a  long  time — 
as  formerly  the  Italian  universities 
— the  goal  of  the  young  scholar's 
wanderings  (Paulsen,  p.  179). 
They — as  well  as  Geneva — held  a 
similar  position  to  the  Scotch  uni- 
versities (see  Sir  A.  Grant,  '  Story 
of  the  University  of  Edinburgh,'  vol. 
i.  pp.  21, 126, 188, 213, 229,  233, 263, 
274,  283,  297,  &c.,  vol.  ii.  p.  263). 
A  fourth  epoch  begins  with  the 
foundation  of  Halle  1694,  the  first 
really  modern  university  (Paulsen, 
p.  353).  The  spirit  of  Bacon  and 
Leibniz,  represented  by  Thomasius, 
is  the  leading  power  ;  it  is  not  by 
any  means  irreligious,  since  Francke 


(the  so-called  "pietist")  is  as  im- 
portant a  factor  as  Thomasius. 
German  is  substituted  for  Latin. 
Other  universities  follow  the^  re- 
form, thus  Konigsberg  1735, 
Leipsic,  Wittenberg,  Helmstiidt, 
Kiel,  Tubingen,  &c.  A  ffth  epoch 
— the  evolution  of  the  ideal  of 
science  in  the  German  sense,  Wis- 
sensckaft — begins  with  the  founda- 
tion of  Gottingen  in  1737.  Of  this 
more  in  the  text. 

1  Conrad,  loc.  cit.,  p.  2  :  "There 
is  scarcely  a  stronger  bond  of  con- 
nection between  the  various  parts 
of  Germany  than  that  supplied  by 
the  universities,  and  in  no  other 
respect  have  the  barriers  that  sep- 
arated State  from  State  been  so  long 
broken  down.  .  .  .  The  historical 
development  cannot  be  accurately 
traced  unless  the  growing  extent  in 
which  the  south  German  universities 
are  attended  by  student* from  the 
north  be  kept  in  view." 

2  See  especially  Paulsen's  remarks 
referring  to  the  foundation  of  Got- 
tingen under  Georgell.  ('Geschichte 
des  gelehrten  Unterrichts,'  p.  425). 
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powerful  and  best  equipped  army.     But  this  is  only  the 
creation  of  the  present  age.     With  greater  pride  it  may 
boast  of  having  trained  in  the  course  of  centuries  the 
largest  and  most  efficient  intellectual  army,  ready  at  any 
moment  to  take  up  and  carry  to  a  successful  issue  great 
scientific   undertakings   demanding   the  intense  thought 
and  labour  of  a  few  secluded  students,  or  the  combined 
efforts  of  a  large  number  of  ready  workers.     This  army 
is  scattered  through  the  length  and  breadth  of  the  land, 
and  even  beyond  its  frontiers  in  neighbouring  countries, 
wherever  universities  and  high  schools  are  situated.^     It 
is  not  a  stationary  power,  but  is  continually  on  the  move 
from  south  to  north,  from  west  to  east,  to  and  fro,  exchang- 
ing and  recruiting  its  forces,  bringing  heterogeneous  ele- 
ments into  close  contact,  spreading  everywhere  the  seed 
of  new  ideas  and  discoveries,  and  preparing  new  land 
for  still  more  extended  cultivation. 


^  The  extent  of  the  German  uni- 
versity system  cannot  be  estimated 
by  the  twenty  universities  marked 
on  the  map  attached  to  the  trans- 
lation  of   Conrad's  book,  as  these 
represent  only  the  existing  univer- 
sities of  the  present  German  empire ; 
nor  yet  by  the  forty-three  univer- 
sities given  in  the  appendix,  p.  290, 
AS  they  contain  only  some  of  the 
Austrian,   but  none   ot  the   Swiss 
universities  ;  nor  even  by  taking  up 
Ascherson's     valuable     '  Deutscher 
Universitats-Kalender,'  which  con- 
tains the  German -speaking  univer- 
sities— thirty -four   in   number    in 
1887 — but  of  course  does  not  con- 
tain the  names  of  those  which  have 
been   suppressed.      There  are  also 
the  universities  of  Denmark,  Nor- 
way, and  Sweden,  which  have  ex- 
changed many  important  professors 
with  Germany,  and  those  of  Hol- 
land in  older,  of  Belgium  in  modern 
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times,  which  have  done  the  same 
thing.      The   Russian    universities 
also  were  largely  organised  on  Ger- 
man models,  though  since  the  re- 
forms of  1863  they  aim  at  a  more 
national  character.    Brandis  found- 
ed  the   University   of    Athens   on 
German  lines  in  1837.    The  Russian 
University  at  Kasan,  that  "ultima 
musarum  Thule,"  was  founded  in 
1804,  and  Gottingen  supplied  its 
first  professors.      From  there  and 
from  the  hardly  less  remote  Tran- 
sylvanian   town,   Maros  Vdsdrhely, 
there  issued  the  revolution  of  our 
fundamental  notions   in  geometry, 
and  there  is  reason  to  believe  that 
both    Lobachdvsky's    and    Bolyai's 
theories   are   ultimately  connected 
with   the    speculations    of    Gauss. 
See  Prof.  A.  Vasiliev's  Address  on 
Lobach^vsky,  translated  by  Halsted, 
p.  5  sqq. 
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It  is  not  my  intention  to  dwell  on  the  history  of  the 
German  universities,  on  the  gradual  growth  of  the  univer- 
sity  system ;  though  every  stage  in  that  history  is  interest- 
ing and  important  if  we  wish  to  understand  the  inner  work- 
ing and  usefulness  of  this  great  organisation.    Neither  do 
I  wish  to  do  more  than  just  mention,  as  an  equally  impor- 
8        tant  subject,  the  geography  of  the  German  universities ; 
^'S^bi-  how  through  nearly  fifty  larger  or  smaller  towns,  in  the 
Geml^'u^i-  course  of  six  centuries,  learning  and  higher  education  have 
versities.      ^^^^  ^^^^^^  ^^^^  ^^^  Germau-spcakiug  countries  of  Europe. 

These  figures  alone  suggest  the  intricacy  of  the  subject, 
the  many  springs,  the  continual  ebb  and  flow  of  the  rising 
tides  of  ideas,  the  many  courses  of  thought,  the  many 
schools  of  learning,  the  internal  conflicts,  the  unavoidable 
friction,  the  healthy  competition  and  rivalry,  the  repub- 
lican spirit,  the  impossibility  of  any  creeping  stagnation 
of  life,  the  absence  of  any  lengthened  tyranny  of  doctrine, 
of  an  oppressive  hierarchy,  or  of  idols  of  opinion  and 
belief.    I  leave  it  to  my  readers  to  indulge  in  comparisons 
easily  suggested  by  these  different  aspects,  to  fasten  upon 
the  strong  and  upon  the  weak  points  of  this  great  system 
of  the  German  universities.^     What  I  wish  to  emphasise 


I 


^  The  migration  of  students  as 
well  as  of  eminent  professors  from 
one  university  to  another  is  one  of 
the  most  important  features  of 
German  academic  life.  Thus  we 
find  the  imaginative  tendencies  of 
the  southern  mtellect  represented 
by  Hegel  and  Schelling  in  philo- 
sophy transplanted  into  the  midst 
of  the  encyclopaedic  and  logical 
sciences  of  the  North,  or  into  the 
centre  of  industrial  Switzerland  m 
the  person  of  Vischer ;  the  theo- 
logical criticism  of  the  Tubmgen 
school    wandering    northward    to 


Marburg  and  Berlin  in  Zeller ;  and 
the  philological  criticism  of   Gott- 
fried Herrmann  locating  itself   in 
Zurich  in  his  celebrated  pupil  and 
biographer  Kochly,  and  in  Bavaria 
through  Thiersch.  Jacobi  came  from 
the  lower  Rhine  to  Munich,  where 
also  Liebig  formed  a  centre  of  mod- 
ern  scientific  celebrities.     Savigny 
in  Berlin  and  Thibaud  in  Heidel- 
berg represent  the  historical  and 
philosophical    schools    of    German 
jurisprudence.     Vienna  for  a  long 
time  was  the  most  celebrated  Ger- 
man  training-school    of    practical 


I 
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very  strongly  here  is  the  existence  in  the  midst  of 
European  life,  all  through  our  century,  of  this  vast  organ- 
isation for  intellectual  work,  this  great  engine  of  thought ; 
and  to  assign  to  it  one  of  the  foremost  places  among  the 
great  agencies  with  which  we  shall  have  to  deal. ' 

The  beginning  of  the  present  century  found  this  great        4. 

..,.»...  Full  devel- 

mstitution  ot  university  education  in  full  swing  among  all  opmentof 

o  to  the  German 

the  German-speaking  nations.^  The  eighteenth  century  syste^'*^ 
brought  it  to  that  state  of  perfection  in  which  we  have 
been  accustomed  to  see  it.  In  the  course  of  that  century 
it  outgrew  its  earlier  and  more  limited  phases  of  existence, 
its  period  of  more  restricted  usefulness ;  it  emancipated 
itself  from  Court  and  personal  favouritism,  from  ecclesias- 


;-:t  ■; 


medicine  and  surgery,  whereas  Ber- 
lin concentrated  the  great  repre- 
sentatives of  the  more  recent  scien- 
tific developments.  In  the  course  of 
the  last  hundred  years  no  one  uni- 
versity has  been  allowed  to  retain 
for  any  length  of  time  the  supremacy 
in  any  single  branch.  The  light 
has  quickly  been  diffused  all  over 
the  country,  when  once  kindled  at 
one  point.  How  will  the  future 
compare  in  this  respect? 

^  This  is  not  quite  the  case  as 
regards  Switzerland.  The  city  of 
Basel,  which  before  the  Reformation 
was  the  seat  of  much  learning,  the 
names  of  Sebastian  Brandt,  Reuch- 
lin,  and  Erasmus  being  intimately 
connected  with  it,  had  a  university 
from  1459.  The  antagonism  to 
classical  and  polite  literature  which 
characterised  a  large  section  of  the 
Reformers  (see  Paulsen,  p.  128  sqq.) 
destroyed  many  flourishing  centres 
of  culture  ;  amongst  them  the  Uni- 
versity of  Basel,  which  was  sus- 
pended in  1529,  when  the  city 
accepted  the  Reformation,  but  re- 
opened three  years  later  in  1532. 


Geneva,  though  this  is  outside  of  the 
German-speaking  area  and  presents 
a  culture  quite   peculiar   to   itself, 
had  an  academy  from  1559,   with 
many    celebrated     professors    and 
numerous  students  of  theology  from 
all  countries  of  Europe.     Lausanne, 
Bern,  and  Ziirich  had  colleges  or  high 
schools  in  the  seventeenth  century. 
But  down  to  the  nineteenth  century 
Basel  remained  the  only  university 
in    the    Continental    sense.      The 
reasons  why  Switzerland  developed 
her  university  system  so  late  are 
discussed  in  Tholuck,    *Das  akade- 
mische  Leben  des   17*®"  Jahrhun- 
derts,'  vol.   ii.    p.   314,  &c.,  where 
also  minute  information  is  given  on 
the  several  high  schools  of  Switzer- 
land.    The  question  is  interesting, 
seeing  that  the  greatest  in  many 
branches  of  science — such  as  Ber- 
noulli,    Euler,      Haller,      Cuvier, 
Steiner — have  come  from  Switzer- 
land,  and   that  by  reason   of  the 
names  of  Rousseau  and  Pestalozzi  it 
has  become  the  centre  of  modern 
ideas  on  education. 


I 
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5. 

The  philo- 
sophical 
faculty. 


The  Univer- 
sity of  Got- 
tingen. 


tical  protection  and  influence ;   it  acquired  through  the 
statutes  of  governments  or  special  foundations  larger  and 
better  secured  means  of  subsistence ;   it  substituted  the 
vernacular  for  the  Latin  tongue.     The  circle  of  studies, 
though  from  early  times  professedly  all-embracing,  did 
not  become  worthily  filled  up  and  cultivated  with  equal 
and  impartial  care  till  the  fourth  faculty,  the  jp^iloso- 
phical  faculty,  was  properly  developed.     Theology,  law, 
and  medicine  conduct   their   studies  for  practical  ends 
and  purposes ;  the  two  former  especially  were  frequently 
liable  to  be  used  merely  for  the  ends  of  the  Church  or  the 
State ;   but  the  philosophical  faculty  embraces  all  those 
studies  which  aim  at  establishing  truth,  be  this  defined 
as  merely  formal  or  as  real,  as  belonging  to  method  or 
to  knowledge.     We   can  assign  a  definite   date  to  the 
firm  establishment  of  the  "  libertas  philosophandi,"  and 
the  professed  introduction  of  the  "  libertas  docendi "  in 
the    university   programme '—namely,  the  opening    (in 
1734)  of  the  University  of  Gottingen  (inaugurated  in 
1737).     "  The  foundation  stone,"  says  Professor  Paulsen, 
"  of  the  academic  constitution  is  the  '  libertas  docendi.' 
On  this  point  Von  Munchhausen,  whom  we  may  call  the 
real  founder  of   the   university,  and  his  two   advisers, 
Mosheim,  the  theologian  of  Helmstadt,  and  Bohmer,  the 
jurist  of  Halle,  were  agreed.    All  4nquisitiones,'  so  writes 
the  former,  choke  the  powers  '  ingeniorum,'  and  spoil  the 
beginnings  of  a  learned  society.     He  advises  above  all 
that  the  greatest  care  should  be  used  in  the  equipment 
of   the   theological  faculty.     Accordingly   Miinchhausen 
laid  his  eye  upon   men  whose  teaching  led  neither  to 

I  Paulsen,  •Geschichte  des  gelehrten  Untemchts,'  p.  424,  &c. 
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'Atheismo'  nor  *  Naturalismo,'  who  neither  attack  the 
*articulos  fundamentales  religionis  evangelic^,'  nor  in- 
troduce enthusiasm,  nor  yet  evangelical  popedom.     Like- 
wise the  jurists  received  full  freedom  for  teaching  and 
for  the  expression  of  legal  opinions,  whereas  at  Halle, 
following  the  common   rule,   the  Prussian    interest,  at 
least    in    matters   of   public    law,  was   the  measure  of 
things.      At    Gottingen    the    chief   stress  was   laid    on 
the  culture  of  the  essentially  modern  sciences.     In  the 
foremost  rank   stood  the  administrative   and  historico- 
political    branches   where    Putter,  Achenbach,   Schlozer, 
Gatterer,  Heeren,   gave    to    the    university   her  world- 
wide fame ;  the  mathematical  and  scientific  branches  are 
marked  by  the  brilliant  names  of  Haller,  Lichtenberg, 
Blumenbach,    Kastner;    the    philological    branches    by 
Gesner,  Heyne,  Michaehs.     The  university  met  the  de- 
mand  for  encyclopaedic   discourses.      Miinchhausen   ar- 
ranged in  1756  that  a  member  of  each  faculty  should 
deliver  a  public  course  on  the  whole  field  of  the  sciences 
taught  there ;  in  the  philosophical  faculty  Gesner  treated 
philologico-historical,  Kastner  physico-mathematical  sub- 
jects.    An  'Index  Lectionum '  of  the  year  1737  shows 
nine  professorships:  1.  Politics  and  Morals.     2.  History 
of  Literature.      3.  History.      4.  Elocution   and  Poetry. 
5.  Logic  and  Metaphysics.     6.  Oriental  Languages.     7. 
Mathematics  and  Physics.     8.  Administrative  Sciences ; 
to  which  is  added,  lastly,  a  professorship  of  Philosophy 
without  special  definition."^ 

It  is  evident  that,  owing  to  their  constitution,  as  well 


The  original  endowment  of  Got- 
tingen was  fixed  at  16,000  thalers, 
equal  to  £2400.      This  was  more 


than    double    the    endowment    of 
Halle.     (Paulsen,  p.  425.) 
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as  to  their  number,  the  German  universities  were  destined 

to  become  the  most  powerful  organisation  for  the  diffusion 

T.        of  knowledge.     Further,  they  have  been  in  the  course  of 

tini?el-s?tfes  the  prcscut  ccuturv  more  closely  linked  with  many  hun- 

and  high  ^  ,        .   ,        ,  •  v^         ^i 

schools.  ^j.Q^Q  of  high  schools,  and  with  the  growmg  number  ot 
technical  schools.^  For  both  of  these  they  had  to  train 
the  teaching  staff,  and  from  the  ranks  of  these  they 
again  largely  filled  their  own  chairs.  Thus  they  not 
only  combined  in  themselves  the  spirit  of  research  and 
the  profession  of  teaching,  but  they  infused  into  the 
widely   scattered   teaching    staff   of    many   hundreds   of 


^  The  technical  schools  in  Ger- 
many and  Switzerland  are  a  crea- 
tion of  modern  times.     We  can  dis- 
tinguish   three    classes.      (1)   The 
*'Real8chule."      This   stands   in   a 
kind  of  opposition  to  the  "  Latin 
school."     The  name  (according  to 
Paulsen,  p.  483)  occurs  first  in  Halle, 
where  the  archdeacon   Semler  es- 
tabUshed  in  1706   a   mathematical 
and  mechanical  "  Realschule."    J.  J. 
Hecker  established  at  Berlin  in  1739 
an  ' '  economico-mathematical  Real- 
schule."  The  object  of  these  schools 
was  to  teach  "  Realia,"  to  introduce 
practical  rather  than  learned  infor- 
mation.   A  special  development  was 
the   "  philanthropinism "   of    Base- 
dow, well  known  even  to  English 
readers  from  Lewes's  Life  of  Goethe 
(see   vol.    i.    p.    276,    &c.)      (2)  A 
second  class  embraces  the  *'  Gewer- 
beschulen,"  which  may  be  rendered 
*♦  Schools      of      industry."       Karl 
Schmidt    ('Geschichte    der    Piida- 
gogik,'  vol.  iv.  p.  163)  calls  Beuth 
the  founder  of   them   in   Prussia, 
1817,    and    gives    the    school     of 
Aachen   as   the  first.      They  form 
a    kind    of    bifurcation    with    the 
higher  classes  of  the  Gymnasia  (or 
learned    schools).      They    may    be 
more  specially  commercial,  agricul- 


tural, or  military.    (3)  Out  of  these 
a   third    class  —  answering   to   the 
growing  demand  for  the  practical 
application   of   the   higher   mathe- 
matical  sciences  —  has   grown   up, 
named   polytechnic   schools.      The 
celebrated   Ecole  Polytechnique  of 
Paris  has  been  the  model.    The  first 
of  this  class  in  Germany  was  estab- 
lished  at  Vienna  in  1816.      Then 
followed  Munich,   Hanover,  Karls- 
ruhe, Stuttgart,   Niirnberg,   Augs- 
burg,   Darmstadt,   Zurich,  Aachen, 
latterly  also  Berlin  (Reichsanstalt) 
and   Brunswick    (Carolinum).      In 
many  ways  they  equal  the  univer- 
sities in  the  scientific  spirit  of  their 
teaching.     What  is  wanting  is  the 
philosophical,    the    historical,    the 
encyclopaedic   treatment.      In   this 
respect    they   form   in   their    best 
examples  a  contrast  to  the  Gotting- 
en  programme.     To  many  serious- 
thinking  minds  they  indicate  the 
gradual  dissipation  of  the  German 
ideal  of  Wissenschaft,  the  narrowing 
down  of  Wissenschaft  to  science  in 
the  English  and  French  meaning  of 
the  word.     Their  danger  lies  in  the 
direction  of  being  contented  with 
practical  usefulness,  as  the  danger 
of  the  German  type  of  university  lay 
I   in  being  contented  with  erudition. 
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schools  the  same  habit — almost  absent  in  other  countries 
— of    looking   upon    private  study   and    research    as    a 
necessary  qualification  of  the  lecturer  and  teacher.     The 
educational  organisation  of  the  combined  universities  and 
higher    schools    has    thus   become   an  equally  powerful 
organisation  for  research,  and  for  increasing  knowledge. 
Wherever  the  progress  of  learning  and  science  requires 
a  large  amount  of  detailed  study  inspired  by  a  few  lead- 
ing ideas,  or  subservient  to  some  common  design  and  plan, 
the  German  universities  and  higher  schools  supply  a  well- 
.trained  army  of  workers,  standing  under  the  intellectual 
generalship  of  a  few  great  leading  minds.     Thus  it  is        s. 
that  no  nation  in  modern  times  has  so  many  schools  o/sityaTraln- 
thought  and  learning  as  Germany,  and  none  can  boast  of  research. 
having  started  and  carried  through  such  a  large  number, 
of  gigantic  enterprises,  requiring  the  co-operation  and  col- 
lective application  of  a  numerous  and  well-trained  staff.^ 
The   university  system,  in  one  word,  not   only  teaches 
knowledge,  but  above   all   it   teaches  research.     This  is 
its  pride  and  the  foundation  of  its  fame. 


^  The    editions    of    the    ancient 
classics  brought  out  by  Tauchnitz, 
Weidmann,  and  Teubner  are  well 
known.    The  collections  of  the  His- 
tories of  all   countries,    begun   by 
Heeren  and  Ukert  and  continued  in 
this  century  by  the  publishing  firm 
of  Salomon  Hirzel  of  Leipsic ;  the 
*  Jahresberichte,'   started    by    Ber- 
zelius  for  chemistry,  and  now  separ- 
ately conducted  for  all  the  different 
sciences  ;  contain  summaries  of  the 
labours  of  the  whole  world  syste- 
matically arranged.     There  is  the 
geographical  establishment  of  Peter- 
mann  at  Gotha ;   not  to  speak  of 
publications    specifically    national, 
such  as  the  'Monumenta  Germanise,' 


as  other  countries  possess  similar 
undertakings.     Von  Zach  was  the 
first   to   establish  a  regular  inter- 
national   organ    for    astronomical 
observations.      It    was   started    in 
1798,  and  soon  became  the  "living 
organ  of  astronomy,"  equally   ap- 
preciated  by   Lalande   and   Gauss. 
This  "monthly"  was  soon  succeeded 
by    Schumacher's    "weekly,"    the 
'  Astronomische  Nachrichten.'     See 
Wolf,  '  Geschichte  der  Astronomie,' 
p.      764,     &c.       Humboldt's     and 
Gauss's  scheme  for  a  network   of 
magnetic  observations  all  over  the 
world   was    taken    up    by   English 
men  of  science. 
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9. 

The  ideal 
of  Wissen- 
tchafi. 


It  is  a  useful  and  interesting  task  to  trace  intellectual 
developments  and  habits  to  their  external  causes.  The 
centralisation  of  the  powers  and  resources  of  a  whole 
nation  into  one  capital,  as  was  the  case  in  Kome  and  in 
Paris,  may  explain  the  brilliancy  of  their  literatures  ;  the 
more  scattered  and  diffused  culture  of  Greece  and  of 
Germany  is  likewise  reflected  in  their  many  schools  of 
thought  and  learning ;  the  insular  position  of  England  has 
impressed  its  advantages  and  disadvantages  upon  her 
history,  and  has  influenced  her  mental  life.  These  influ- 
ences have  frequently  been  pointed  out  and  examhied. 
The  historian  of  thought  has  another  and  more  difficult 
task  to  perform.  Habits  of  thought  and  intellectual 
qualities  never  become  the  property  of  a  large  number  of 
persons  unless  they  assmne  a  definite  form ;  through  this 
they  become  a  marketable  article  which  can  be  communi- 
cated and  transmitted,  and  in  which  those  also  can  par- 
ticipate from  whom  the  deeper  motives  and  higher  aims 
remain  hidden.  Every  school  has  its  wsitchword,  in  which 
its  leading  thought,  its  ideal,  is  embodied.  The  widely 
scattered  and  yet  closely  connected  community  of  intel- 
lectual workers  represented  by  the  German  university 
system,  which  covers  with  its  network  of  universities  and 
high  schools  the  German-speaking  countries  of  Europe, 
has  during  the  period  of  its  greatest  influence  developed 
its  own  special  ideal,  and  it  has  expressed  this  in  a  special 
word — namely,  the  word  Wissenschaft.  Neither  the  French 
nor  the  English  application  of  the  word  science  ^  corre- 
sponds to  the  use  or  gives  the  meaning  of  the  word 
WissenscMft     This  meaning  cannot  be  defined  by  any 

1  Compare  the  notes  at  the  beginning  of  the  last  chapter,  p.  89,  &c. 


single  word  in  the  English  language.  Expressions  such 
as  "  student  of  science  "  or  "  science  tripos  "  have  a  mean- 
ing in  English,  but  they  would  have  none  if  translated 
into  German.  In  each  case  the  word  Wissenschaft  would 
require  a  qualification.  An  "Academic  des  Sciences" 
could  not  according  to  German  usage  exist  separately 
beside  an  "  Academic  frangaise "  or  an  "  Academic  des 
Inscriptions,"  for  it  would  include  them.^  Scientific 
treatment  in  England  means  the  exact  experimental  or 
mathematical  treatment  of  a  subject :  no  one  ever  calls 
Bentley  ^  or  Gibbon  ^  a  great  scientific  writer,  though  in 


^  The  two  older  academies  in 
Paris,  the  "  Academic  des  Sciences  " 
and  the  "  Academie  des  Inscriptions 
et  Belles  Lettres,"  covered  very 
nearly  the  same  ground  as  the 
modern  Berlin  "  Academie  der  Wis- 
senschaften  und  Kiinste,"  which 
is  divided  into  two  classes,  the 
"  mathematisch  -  naturwissenschaf  t- 
liche"  and  the  *'philo8ophisch-his- 
torische  Classe,"  the  two  sides 
being  equally  comprised  under  the 
term  Wissenschaften.  A  similar 
division  exists  in  the  learned  so- 
cieties of  Vienna,  Leipsic,  Munich, 
and  Gottingen. 

2  Richard  Bentley  (1662-1742), 
popularly  known  in  England  mainly 
through  his  Boyle  Lectures,  his 
controversy  about  the  Epistles  of 
Phalaris,  and  his  thirty  years'  feud 
as  Master  of  Trinity  College,  Cam- 
bridge, with  the  dons  of  his  col- 
lege, but  hardly  known  "as  the 
first,  perhaps  the  only.  Englishman 
who  can  be  ranked  with  the  great 
heroes  of  classical  learning"  (Mark 
Pattison,  *Ency.  Brit.'),  was  from 
the  first  recognised  as  a  consum- 
mate genius  by  the  scholars  of  Ger- 
many, by  Graevius  and  Spanheim, 
who  welcomed  him  as  "novum 
et  lucidum  Britanniae  sidus,"  as 
"splendidissimum     Britanniae    lu- 


men." The  many  beginnings  which 
he  had  laid  for  subsequent  critical 
research  among  the  ancient  classical 
authors  were  taken  up  abroad  by 
men  like  Heyne,  Reiz,  F.  A.  Wolf, 
Gottfried  Hermann,  and  Friedrich 
Ritschl,  in  whose  hands  they  have 
developed  into  a  special  school  of 
philology,  counting  probably  over 
a  hundred  representatives,  many  of 
whom  have  openly  avowed  their  in- 
debtedness to  Bentley.  (See  Kochly, 
*  Gottfried  Hermann,'  Heidelberg, 
1874,  pp.  115  sqq.,  142,  189.  Rib- 
beck,  'Friedr.  Wilh.  Ritschl,'  2 
vols.,  Leipzig,  1879  and  1881,  vol. 
i.  p.  229 ;  vol.  ii.  pp.  Ill,  176,  &c., 
418,  429.) 

3  Gibbon  (1737-94)  gave  a  new 
impetus  to  the  study  of  the  history 
of  Roman  law  through  the  cele- 
brated 44th  chapter  of  his  *  Decline 
and  Fall  of  the  Roman  Empire.' 
It  was  translated  by  Professor 
Hugo  of  Gottingen  and  Professor 
Wamkonig  of  Li^ge,  and  has  been 
used  as  the  text- book  on  Civil  Law 
in  some  of  the  foreign  universities. 
See  Smith's  edition  of  Gibbon's 
History  with  the  Notes  of  Milman 
and  Guizot,  chap,  xliv.,  note. 
Herder,  Savigny,  and  Niebuhr 
stand  all  under  the  immediate  in- 
fluence of  Gibbon,  and  Lessing  saw 
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Germany  each  stands  at  the  head,  and  forms  the  begin- 
ning, of  a  definite  scientific  movement.  The  distinction 
between  scientific  and  philosophical  thought  which  I  have 
explained  in  the  Introduction  would  be  unintelligible  if 
science  were  translated  simply  by  Wissenschaft ;  the  word 
Wissenschaft  is  not  opposed  to,  but  embraces,  the  word 
philosophy :  Fichte,  whose  whole  doctrine  was,  according 
to  French  and  English  ideas,  almost  the  reverse  of  scien- 
tific, uses  the  word  Wissenschaftslehre  to  denote  and  char- 
acterise his  system.'  In  fact  the  German  word  for  science 
has  a  much  wider  meaning  than  science  has  in  French  or 
English;  it  applies  alike  to  all  the  studies  which  are 
cultivated  under  the  roof  of  "alma  mater";  it  is  an 
idea  specially  evolved  out  of  the  German  university 
system,  where  theology,  jurisprudence,  medicine,  and 
the  special  philosophical  studies  are  all  held  to  be 
treated  "scientifically,"  and  to  form  together  the  universal, 
all-embracing   edifice   of   human   knowledge.^      Such   an 


in  him  kindred  tendencies,  though 
in  a  different  direction  (see  Watten- 
bach,  'Zum  Andenkeu  Lessing's,' 
p.  23). 

1  Fichte  (1762-1814)  begins  his 
first  philosophical  work,  published 
in  1794,  with  the  words,  "Philo- 
sophy is  a  science,"  and  he  then 
proceeds  to  give  to  his  philosophy 
the  term  Wissenschaftdehre,  or  gen- 
eral doctrine  or  theory  of  science. 
A  further  definition  which  he  gives 
is  as  follows:  "A  science  has  a 
systematic  form ;  all  propositions 
in  it  hang  together  in  one  single 
fundamental  proposition,  and  are 
united  by  it  into  a  whole."  It  is 
evident  that  whoever  approaclied 
Fichte' 8  writings  with  the  ideal  of 
science,  as  it  was  established  by 
the  labours  of  Lavoisier  and  the 
great  French  academicians,  would 


not  accept  these  first  sentences  of 
Fichte 's  book.  He  would  admit 
that  the  sciences  as  cultivated  by 
the  great  Frenchmen  had  a  unity 
of  method,  the  exact  method,  the 
method  of  observation,  measure- 
ment, and  calculation,  but  not 
necessarily  a  unity  of  system,  or 
a  highest  all-embracing  proposition. 
It  is  evident  that  science  means 
to  Fichte  something  more  than  it 
meant  to  the  Academie  des  Sciences  : 
it  meant  Wissenschaft,  not  merely 
methodical,  but  systematic,  unified 
knowledge. 

'^  It  would  be  an  interesting  task 
to  trace  in  German  literature  from 
the  time  of  Leibniz  the  gradual 
evolution  of  the  idea  of  Wissen- 
schaft, to  see  how  the  word  has 
grown  in  pregnancy  and  signifi- 
cance till  it  became  firmly  estab- 


^ 


idea,  the  use  of  such  a  term,  could  only  be  born  and 
developed  where  the  different  faculties,  the  various 
branches  of  knowledge,  lived  habitually,  for  many  ages, 
under  the  same  roof,  coming  into  continual  contact,  and 
learning  to  regard  each  other  as  members  of  one  family, 
as  integral  parts  of  one  whole.     The  German  university 


lished  as  denoting  a  moral  as  much 
as  an  intellectual  ideal,  which  it  was 
the  duty  of  the  German  university 
to  uphold  and  to  realise.  Such  an 
investigation  would  have  to  show 
how  the  encyclopaedic  view  is  repre- 
sented by  Leibniz,  how  Winckel  mann 
applied  the  term  to  the  studies 
of  antiquity,  how  Lessing  taught 
method  and  clearness,  how  Herder 
widened  and  deepened  the  view,  ex- 
tending it  to  the  elemental  forces 
as  well  as  to  the  finished  forms  of 
human  culture,  how  it  was  finally 
raised  as  the  standard  of  German 
university  teaching  by  F.  A.  Wolf 
and  W.  von  Humboldt,  finding  an 
eloquent  exposition  in  Fichte's  lec- 
tures on  the  "  Nature  of  the 
Scholar "  ('  Vorlesungen  iiber  das 
Wesen  des  Gelehrten,"  Erlangen, 
1805),  and  a  practical  realisation 
in  the  foundation  of  the  University 
of  Berlin  in  1809,  during  the  period 
of  Germany's  greatest  degradation. 
The  following  words  of  Fichte 
have  reverberated  in  the  soul  of 
many  a  German  scholar  to  whom 
Fichte's  philosophy  was  unknown 
or  distasteful,  and  this  same  spirit 
has  leavened  and  united  studies 
which  stand  apparently  in  no  con- 
nection with  each  other.  "The 
scholar"  (and  specifically  the 
teacher  of  scholars)  "shows  his 
respect  for  science  [  Wissenschaft^^ 
as  such  and  because  it  is  science, 
for  science  generally  as  one  and 
the  same  divine  Idea  in  all  the 
various  branches  and  forms  in 
which  it  appears."  Of  one  who 
may  be  seduced  into  overestimat- 


ing his  own  branch,  Fichte  says : 
"  It  becomes  evident  that  he  has 
never    conceived    science    as    One, 
that  he  has  not  comprehended  his 
own  branch  as  coming  out  of  this 
One,  that  he  thus  does  not  himself 
love  his  branch  as  science  but  only  as 
a  trade  ;  this  love  of  a  trade  may 
otherwise  be  quite  laudable,  but  in 
science  it  excludes  at  once  from  the 
name  of  a  scholar.  ...  In  the  aca- 
demic teacher  science  is  to  speak, 
not  the  teacher  himself,"  he  is  to 
speak  to  "his   hearers  not  as  his 
hearers  but  as  future  servants  of 
science,"  he  is  to  represent  the  dig- 
nity of  science  to  coming  genera- 
tions  (Fichte,  Werke,   vol.   vi.    p. 
436,    &c.)      I    have    myself   heard 
expressions  similiar  to  these  from 
the  mouth  of  one  who  represented 
what  we  should  now  consider  the 
very  opposite  phase  of  nineteenth- 
century  thought,  from  one  of  the 
earliest  representatives  in  Germany 
of  exact  research,  Wilhelm  Weber 
of  Gottingen.     Driven  into  a  corner 
by    the  ^questionings    of    devoted 
friends  as  to   his   own   discoveries 
and   contributions,    which   he   was 
modestly  fond  of  tracing  to  Gauss, 
and  unable  to  deny  his  own  part, 
he   would  warmly  exclaim,    "But 
is    it    not    possible    that    science 
could  do  something  herself  ? "    Pro- 
fessor   Adamson   has    pointed    out 
(* Fichte, 'in  "Philos.  Clat;sics,"  p. 
79)  how  the  fundamental  idea  in 
these  writings  of  Fichte  has  been 
made  familiar  to  English   readers 
through  the  teaching  of  England's 
greatest  modern  moralist,  Carlyle. 
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system  has  the  merit  of  having  elaborated  the  widest  con- 
ception of  science,  of  having  fixed  the  highest  and  most 
general  scientific  standards.  Opposed  to  science  is  that 
which  is  unscientific,  dilettante,  popular;  that  which  is 
not  a  vocation,  but  a  handicraft ;  that  which  grows  and 
lives  outside  of  the  great  university  system,  including  in 
this  the  innumerable  learned  schools  which  form  its  base, 
and  the  academy  which  forms  its  summit. 
11.  What  France  and  England  have  elaborated  and  termed 

andE^g^iand  Scicncc,  is  Called  in  Germany  Exact  Science;   but  it  is 

"  Science" 

means  "Ex-  opposcd  to  the  German  ideal  of  science  to  hold  that  the 

actScience."     ^^ 

exact  method  is  the  only  method  which  deserves  to  be 
called  scientific.^ 


^  This  is  perhaps  not  quite  cor- 
rect.    No  doubt  the  term  "exact 
Sciences  "  is  used  frequently  during 
the   last   half -century    to    denote 
the   mathematical  and  experimen- 
tal  sciences ;    very   much    in    the 
same    sense  as   we  see    them    de- 
fined by  Cuvier  in  the  beginning 
of  the   century,  and  described   as 
the  ground  covered  by  the  labours 
of  the   "Academie  des   Sciences." 
There  exists,  however,  in  Germany 
another    school    of    thought,    very 
intiuential    throughout    this    cen  - 
tury,    and    one    that    has    exerted 
a  very  wide  and  wholesome  influ- 
ence, which  stands  in  no  connec- 
tion whatever  with  the  mathema- 
tical sciences,  though  it  applies  the 
word  "  exact "  to  its  methods  and  re- 
searches.    This  is  the  school  which 
maintains  that  the  real  introduc- 
tion to  the  study  of  antiquity  lies 
in  a  knowledge  of  the  ancient,  pre- 
eminently the  classical,  languages, 
as  exact  and  precise  as  any  mathe- 
matical knowledge  could  be,  and  sees 
in  an  acquisition   of   such   precise 
knowledge   the   training   necessary 
for  success  in  philological  and  his- 


torical research,  just  as  famili- 
arity with  mathematical  formula> 
and  measuring  instruments  has  long 
been  considered  quite  indispensable 
training  to  success  in  the  natural 
sciences.  Of  this  view  Gottfried 
Hermann  may  be  considered  as 
a  somewhat  one-sided,  Friedrich 
Ritschl  as  a  more  profound  and 
far-seeing,  but  equally  energetic 
representative.  It  is  Ritschl  who 
was  the  most  influential.  Without 
at  present  entering  into  the  con- 
troversies which  existed  between 
what  were  termed  the  "  Sprach- 
philologen"  and  the  "Sach-philo- 
logen,"  I  desire  here  to  refer  to 
the  fact  that  such  very  different  re- 
presentatives of  thought  as  Fichte, 
Weber,  and  Ritschl,  than  whom  no 
men  could  be  more  dissimilar  in 
cast  of  mind,  all  find  their  ideal 
expressed  in  the  word  Wissenschaft. 
I  have  quoted  Fichte,  the  specu- 
lative generaliser,  and  Weber,  the 
exact  mathematical  physicist.  I 
will  add  what  Ritschl,  the  critical 
philologist,  says.  He  trusted,  as 
his  biographer  reports,  "in  the 
indestructible    magnetic    force    of 


Before  the  methods  of  exact  science  were  introduced 
into  Germany  under  English  and  French  influences,  the 
Germans  possessed  many  scientific  methods.  There  was 
the  science  of  philosophical  criticism,  established  by 
Kant;  the  science  of  historical  criticism,  of  Biblical 
criticism ;  the  science  of  philology :  all  these  professed 
to  have  methods  as  definite,  aims  as  lofty,  and  a  style 
as  pure,  as  the  exact  sciences  brought  with  them. 

At  present  a  tendency  of  thought  may  exist  in  Ger- 
many, akin  to  the  positive  philosophy  in  France  and 
England,  which  aims  at  introducing  the  methods  of  the 
natural  sciences  so  as  to  cover  the  whole  ground  of  re- 
search, and  to  allow  of  no  other  methods.  Should  it 
succeed,  it  will  destroy  the  essential  features  of  the 
German  university  system,  and  with  it  the  ideal  of 
Wissenschaft  as  it  has  existed  in  all  the  leading  minds 
of  Germany  during  the  last  hundred  years. 

I  intend  to  come  back  to  this  subject  later  on,  and 
to  define  more  clearly  what  the  German  ideal  of  science 
— what  Wissenschaft — is.  That  which  we  are  occupied 
with  at  present  is  the  diffusion  of  the  scientific  spirit,  in 
the  narrower  sense,  as  it  was  firmly  established  in  France 
through  the  great  mathematicians  and  scientists  at  the 


the  studies  of  classical  antiquity"; 
he  maintained  that  philology,  as 
science,  not  the  barren  training  of 
■a  pedagogic  seminary,  is  the  only 
right  thing  for  future  masters. 
"The  good  teacher  must,  even  for 
teaching  purposes,  have  and  know, 
both  in  quantity  and  quality,  more 
than  he  requires  for  immediate 
progress  ;  the  portion  he  requires 
for  immediate  communication,  for 
practical  teaching  purposes,  must 
be  delivered  out  of  the  fulness  and 


the  depth  of  knowledge  ;  it  must, 
even  in  its  circumscribed  nature, 
contain  the  germs  of  further  mental 
development.  Such  depth,  such 
fructifying  power,  comes  only  from 
science"  {Wissenschaft).  See  Rib- 
beck,  '  Leben  Ritschl's,'  vol.  ii.  p. 
277.  And  as  every  mode  of  thought, 
if  clearly  felt  and  active,  finds  its 
expression  in  language,  so  Ritschl 
was  fond  of  characterising  his  scien- 
tific method  by  the  word  aKpi^ua. 
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Reception 
of  Exact 
Science  in 
Germany. 


beginning  of  this  century,  as  it  is  summed  up  in  their 
works  and  in  the  Memoirs  of  the  Institute.  What 
reception  did  it  find  in  Germany  ?  How  has  it  thriven 
under  the  German  university  system  ?  These  are  the 
questions  which  interest  us  at  present. 

The  general  recognition  of  the  purely  scientific  studies 
conducted  on  a  large  scale  by  the  French  Academy  of 
Science,  as  an  integral  portion  of  the  German  university 
syllabus,  belongs  to  the  beginning  of  the  present  century. 
During  the  first  forty  years  of  the  century  complaints 
were  continually  heard  that  some  of  the  most  important 
sciences  were  not  worthily  represented.^     The  eighteenth 


^  One  of  the  latest  instances  of 
such  complaint  is  to  be  found  in 
J.  Liebig's  paper  "  On  the  state  of 
Chemistry  in  Austria"  ('Annalen 
der  Pharmacie,'  1838,  vol.  xxv.  p. 
339).  This  was  followed  by  the 
highly  interesting  pamphlet  *  On 
the  state  of  Chemistry  in  Prussia' 
(Braunschweig,  1840).  According 
to  the  eminent  author,  chemistry 
was  the  science  which  was  the  latest 
to  attain  a  worthy  domicile  and  an 
independent  footing  in  the  great 
universities  of  .Germany.  Mathe- 
matical physics  had  a  centre  at 
Konigsberg,  physiology  had  been 
established  as  an  independent  sci- 
ence at  Berlin  through  the  appoint- 
ment of  Johannes  Miiller  in  1833, 
chemistry  was  still  only  taught  in 
Prussia  in  connection  with  other 
branches  of  science,  with  medicine, 
with  technology,  with  mineralogy. 
There  were  no  chemical  laboratories 
to  be  found  in  Prussia.  Men  like 
Rose,  Rammelsberg,  Mitscherlich, 
received  none  or  only  the  scantiest 
support  in  their  practical  courses  of 
chemistry.  It  is  interesting  to  note 
how  Liebig,  whilst  pointing  to  the 
enormous  importance  which  chem- 
istry possesses  from  an  economic 


and  political  point  of  view  by  reason 
of  its  working  great  changes  and 
revolutions,  industrial  and  other, 
insists  on  the  necessity  of  teach- 
ing chemistry  scientifically,  and  not 
with  an  immediate  practical  bias. 
In  this  respect  he  is  as  much  a 
representative  of  the  scientific 
spirit  in  the  wider  sense  as  the 
great  men  mentioned  in  the  note 
to  p.  171.  The  following  passage 
(p.  39)  may  still  be  read  with  in- 
terest and  profit :  "  I  have  found 
among  all  who  frequent  this  labora- 
tory [Giesseu]  for  technical  pur- 
poses a  prominent  inclination  to 
occupy  themselves  with  applied 
chemistry.  They  usually  follow 
hesitatingly  and  with  some  suspi- 
cion my  advice  to  leave  alone  all 
this  time-absorbing  drudgery,  and 
simply  to  become  acquainted  with 
the  necessary  ways  and  means  of 
solving  purely  scientific  questions. 
By  following  this  advice  their  minds 
learn  easily  and  quickly  how  to  find 
the  best  means ;  they  themselves 
adapt  them  to  circumstances  and 
modify  them ;  all  operations,  all 
analyses,  which  serve  to  ascertain 
a  certain  state,  which  must  be 
made  in  order  to  find  the  conditions 
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century  produced  in  Germany  men  of  great  scientific  im- 
portance ;  but  their  position  was  irregular  and  uncertain, 
and  they  undoubtedly  do  not  whoUy  or  exclusively  belong 
to  the  history  of  the  university  system.  Leibniz,  Euler, 
HaUer,  Werner,  Markgraf,  Tobias  Mayer,  Lambert,  and 
Humboldt  are  all  intimately  connected  with  the  growth  of 
modern  science :  their  position  and  sphere  of  action  were 
in  each  case  different.^     Leibniz  was  a  courtier,  Euler  an 


for  the  solution   of   the   problem, 
have  a  definite  sense  ;  each  of  them 
possesses   a   certain    charm   which 
dispels  fatigue,  and  if  the  question 
IS  really  answered,  then  they  know 
the  ways  and  means  of  attaining 
similar  ends.     I  know  many  who 
are  now  at  the  head  of  soda-,  vitriol-, 
sugar-factories,  of  colour- works  and 
other  establishments.    Without  ever 
having  had  anything  to  do  with  them 
beforehand,  they  were  in  the  first 
half -hour  acquainted  with  the  pro- 
cesses, the  second  already  brought 
a  number  of  appropriate  improve- 
ments, &c.,  &c."     Similarly  Helm- 
holtz  in  1862  ('Reden,'  vol.  i.  p. 
142):  "He  who  in  the  cultivation 
of  the  sciences  aims  at  immediate 
practical  usefulness,  may  be  pretty 
sure   that   he   will   miss    his    aim. 
Science    [Wissejischaft]  can   aspire 
only  to  a  perfect   knowledge  and 
a   complete   understanding   of   the 
sway  of  physical  and  mental  forces. 
The  individual   worker   must  find 
his   reward   in   the  joy   over   new 
discoveries,    as    new    victories    of 
mind  over   matter,  in   the   sesthe- 
tical  beauty  which  an  orderly  dis- 
play of  knowledge  affords,  &c.,  &c." 
How  little  do  our  modern  colleges 
of  science  correspond  with  this  view 
of  Wissenschaft  / 

^  On  Leibniz  (1646-1716),  see  p. 
158;  Werner  (1750-1817),  p.  118; 
and  Tobias  Mayer  (1723-62),  p. 
158.  A.  von  Humboldt  (1769-1859) 
is  well  known  to  English  readers. 


Leonhard  Euler  (1707-83),  a  native 
of  Basel,  passed  the  greater  part  of 
his  life  at  St  Petersburg  as  a  mem- 
ber oi  the  Academy,  a  portion  of 
it    (1741-66)    as   an    Academician 
at   Berlin.      He   has   been   termed 
the  father   of    pure    mathematics,, 
inasmuch  as  he  freed  mathemati- 
cal analysis  from  geometrical  con- 
ceptions, established  the  notion  of 
function  or  mathematical  depend- 
ence, and  did  much  to  make  the 
theory  of  numbers  an  independent 
branch   of  science.      His   memoirs- 
are  said  to  number  nearly  a  thou- 
sand ;    his   works,   if    all    printed,, 
would   fill    60   to   80   quartos    (see 
Hankel,     'Die     Entwicklung     der 
Mathematik,'    Tiibingeu,    1884,    p. 
12).     Andreas  Sigismund  Markgraf 
(1709-82)  was  born  and   lived  at 
Berlin,  a  member  of  the  Academy. 
On  his  various  chemical  researches^ 
see  Kopp,  '  Geschichte  der  Chemie,'" 
voh  i.  p.  208.     Albrecht  von  Haller 
(1708-77)  was  a  native   of   Bern. 
He  was,  next  to  Leibniz,  perhaps 
the    most    encyclopaedic    mind    of 
modern   times,    equally  celebrated 
as  botanist,  physiologist,  and  poet. 
He  has  been  termed  the  father  of 
physiology.     Brought  up  under  the 
celebrated  Boerhaave,  he  accepted 
a  chair  at  the  newly  founded  Uni- 
versity of  Gottingen  in  1736,  and 
taught   there   for  seventeen  years 
anatomy,    botany,    medicine,    and 
surgery. 
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academician,  Werner  the  head  of  a  great  mining  school, 
Humboldt   a   traveller,  Markgraf  a   private   gentleman. 
Haller,  indeed,  shone  as  a  great  light  in  the  University 
of  Gottingen,  where  he  did  more  than  any  other  to  place 
scientific  studies  on  a  level  with  classical  ones,  and  to 
create  for  them  a  permanent  abode  within  the  pale  of 
"alma  mater."    He  founded  in  1751,  in  close  connection 
with  the  university,  the  Gottingen  Society,  which  from 
1753  published  the  celebrated  *  Gottinger  Gelehrte  An- 
zeigen/^     Tobias   Mayer   and  Lambert^  can  hardly  be 
:said  to  have  got  much  help  either  from  the  university, 
,to  which  the  former  belonged,  or  from  the  Academy,  of 
which  the  latter  was  a  member ;  their  celebrity  rests  on 
works  produced  by  private  and  unaided  effort.     Hum- 
boldt also  depended  upon  his  personal  means  and  upon 
Tiis  connection  with  the  Paris  Academy,  and  only  attained 
late  in  life,  and  in  the  course  of  the  present  century,  his 
eminent  position   as   the  head   and  patron   of   German 
science.     Von  Zach  and  Olbers,  who  together  with  Tobias 
Mayer  and  Lambert  raised  German  astronomy  during  the 
eighteenth  century  to  the  level  of  English  and  French 
science,  stood  outside  the  university  system.     Von  Zach 
was   indebted   to   personal   connections,   and   ultimately 
to  Duke  Ernest   II.  of   Gotha,  for   the   position  which 

1  The   'Gottinger  Gelehrte  An- 
zeigen'  had  existed  since  1739. 

2  Joh.  Heinrich  Lambert  (1728- 


77),  a  very  extraordinary  man,  was 
a  native  of  Miihlhausen,  Alsace, 
which  then  belonged  to  Switzer- 
land. He  was  received  as  a  mem- 
ber of  the  Berlin  Academy,  and 
associated  there  with  Euler  and 
Lagrange.  He  is  celebrated  through 
his  '  Photometry '  (1760)  and  *  Pyro- 
jnetry '  ( 1 7  7  9),  his  equation  referring 


to  the  orbits  of  comets,  employed 
by  Olbers  in  his  method  for  calcu- 
lating them  (Weimar,  1797,  re- 
published by  Encke,  1847),  and  his 
prophetic  prediction  of  the  proper 
motion  of  the  sun  (in  his  Cosmolo- 
gical  Letters,  1761).  This  motion 
was  actually  calculated  by  Sir  Wil- 
liam Herschel  in  his  paper  "  On  the 
proper  Motion  of  the  Sun  and  Solar 
System"  ('Philos.  Trans.,'  1783). 
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he  held  as  a  kind  of  corresponding  centre  of  European 
astronomy,  and  as  the  leader  of  a  large  school  of  German 
astronomers  of  this  century.^  Olbers  was  a  practising 
physician  at  Bremen,^  where  he  followed  astronomical 
studies  as  a  recreation,  making  himself  eminent  by  great 
services  to  science,  among  them  by  his  method  of  calcu- 
lating the  orbit  of  a  comet :  as  the  greatest  of  his  services 
he  counted  the  fact  of  having  discovered,  trained,  and 
appreciated  the  rising  genius  of  Bessel.^ 


^  Franz  Xaver  von  Zach  (1754- 
1832)  was  a  native  of  Pesth.  After 
having  served  in  the  Austrian  artil- 
lery, and  taken  to  astronomy  as  a 
favourite  study,  he  spent  some  time 
in  Paris  and  London,  and  became 
acquainted  with  Lalande,  Laplace, 
Herschel,  Maskelyne,  Ramsden,  and 
others.  He  was  engaged  by  Duke 
Ernest  II.  of  Gotha  in  1786  to 
erect  an  observatory  on  the  See- 
berg  near  Gotha.  This  was  com- 
pleted in  1791.  Here  he  trained  a 
number  of  younger  astronomers, 
and  was  the  first  to  establish  and 
maintain  a  periodical  specially  de- 
voted to  astronomy.  It  was  first 
(1798)  published  under  the  title 
*  Geographische  Ephemeriden,'  then 
(1800-13)  as  'Monatliche  Corres- 
pondenz  zur  Beforderung  der  Erd- 
und  Himmelskunde. '  Lalande  and 
Gauss  both  testified  to  the  use- 
fulness of  this  international  pub- 
lication, without  which  Piazzi's 
discovery  (see  p.  182,  note  1)  would 
probably  have  been  lost.  See 
Wolf,  *Gesch.  d.  Astronomie,'  p. 
764. 

2  Heinr.  Wilh.  Mat.  Olbers  (1758- 
1840)  was  born  near  Bremen.  He 
followed  astronomy  as  a  private 
study.  He  is  mainly  known  by 
his  rediscovery  of  the  first  of  the 
smaller  planets  (see  p.  182,  note  1), 
by  his  theory,  once  generally  ac- 
cepted, of  the  origin  of  the  smaller 
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planets  through  the  disruption  of  a 
primitive  large  planet,  and  by  his 
*  Abhandlung  liber  die  leichteste 
und  bequemste  Methode  die  Bahn 
eines  Cometen  aus  einigen  Beo- 
bachtungen  zu  berechnen'  (1797). 
In  this  work,  by  using  Lambert's 
equation,  he  succeeded  in  perfecting 
the  methods  of  Newton  and  his  suc- 
cessors so  as  actually  to  calculate 
the  elements  of  several  comets. 
This  method  is  still  in  general  use 
(see  Wolf,  loc.  cit.j  p.  519). 

3  Friedr.  Wilh.  Bessel  (1784-1846) 
attracted  the  attention  of  Olbers  by 
his  mathematical  abilities  whilst  em- 
ployed as  clerk  in  a  shipping  office 
at  Bremen.  If  Tobias  Mayer's 
lunar  tables  were  remunerated  and 
published  with  English  money, 
Germany  repaid  the  debt  by  the 
industry  of  Bessel,  who  calculated 
and  reduced  the  observations  made 
by  Bradley  (1692-1762,  Astronomer 
Royal  from  1742)  at  Greenwich 
during  the  years  1750  to  1761. 
They  had  been  neglected  and  re- 
mained unpublished  till  1798,  when 
Olbers  induced  Bessel  to  make 
them  useful  to  science.  This  he 
did  by  calculating  from  them  some 
of  the  most  important  and  funda- 
mental data  of  astronomy.  After 
many  years  of  labour  he  brought  out 
his  'Fundamenta  Astronomiae  pro 
A.  1755  deducta  ex  observation- 
ibus     viri     incomparabilis     James 
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Science  not 
yet  domi- 
ciled at  the 
German  uni- 
versities 
during  the 
eighteenth 
century. 


The  general  impression  we  receive  from  a  perusal  of 
the  histories  of  science  and  learning  in  Germany  at  the 
close  of  the  eighteenth  century  is,  that  the  university 
system  had,  so  far  as  philosophical  and  classical  studies 
were  concerned,  attained  almost  to  the  eminence  which 
it  has  held  during  this  century,  but  that  it  had  not — with 
the  exception  perhaps  of  Gottingen — received  into  its  pale 
the  modem  spirit  of  exact  research,  such  as  it  had  been 
developed  by  the  great  French  Academicians.  Eminent 
students  of  science  lived  outside  of  the  universities,  belong- 
ing wholly  or  largely  to  the  international  Eepublic  which 
had  its  centre  in  Paris,  exerting  little  influence  on  higher 
German  education  through  the  universities,  and  hardly 
any  on  German  literature,  which  had  meanwhile  ripened 
into  the  age  of  Classicism.  This  scattered  condition  of 
German  science  gave  it  on  the  one  side  a  character 
which  was  foreign  to  the  general  tendencies  of  German 
thought,  since  this  had  come  under  the  excessive  in- 
fluence of  the  speculative  spirit  without  that  whole- 
some check  which  exact  research  has  always   exerted.^ 


Bradley  in  specula  astronomica 
Grenovisensi  per  A.  1750-62  insti- 
tutis  '  (1818).  By  his  determina- 
tion (1838-40)  of  the  parallax  of  the 
star  61  Cygni  he  made  the  first  ac- 
curate calculation  of  the  distance  of 
a  fixed  star,  which  he  computed  at 
12  billion  astronomical  miles. 

^  It  was  the  age  of  the  Natur- 
philosophies  which,  through  the  in- 
fluence of  Schelling  in  the  south 
and  Hegel  in  the  north  of  Ger- 
many, filled  the  chairs  in  the  uni- 
versities, and  penetrated  into  the 
learned  societies.  This  philoso- 
phy of  nature  had  the  effect  of 
frequently  replacing  induction  by 
speculation,   the   patient  work  of 


the  calculator,  the  observer,  the 
experimenter,  and  the  dissector  by 
general  theories,  such  as,  applied 
to  literary,  historical,  and  poetical 
subjects,  had  acquired  a  certain 
importance,  and  a  semblance  of 
veracity  and  usefulness.  In  France 
the  whole  spirit  of  the  Academy  of 
Sciences  opposed  this  form  of  learn- 
ing. Cuvier  denounced  it  or  re- 
garded it  with  suspicion,  in  Eng- 
land it  remained  unknown,  and  in 
Germany  itself  individual  great 
minds  opposed  it,  or  did  their 
work  outside  of  its  influence. 
Such  were  notably  A.  von  Hum- 
boldt and  Gauss.  Younger  men, 
such  as  Liebig  and  Joh.    Midler, 
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On  the  other  side,  we  find  in  the  wide  domain  of  gen- 
eral literature  valuable  beginnings  and  foreshado wings 
of  later  scientific  thought,  as  in  Georg  Forster  ^  and  in 


came   temporarily  under   its  influ- 
ence.      As    regards     its    harmful 
effect  on  the  natural  and  medical 
sciences,  the  popular  addresses  of 
Helmholtz  and   Du  Bois-Reymond 
may  be  consulted.       Its    philoso- 
phical   value    will    frequently    oc- 
cupy us  in  later  chapters   of  this 
work.      Its  period  can  be  approxi- 
mately fixed  by  the  publication  in 
1797  of  Schelling's  'Ideen  zu  einer 
Philosophie  der  Natur.'     The  death 
of  Hegel  in  1831,  and  Humboldt's 
Berlin   lectures   during    the    years 
1827  and  1828,  may  be  considered 
as  marking  approximately  the  end 
of     the    generation     which     came 
under  the   one-sided   influence    of 
the    Naturphilosophie.       We   shall 
have   ample   occasion   later  on    to 
notice  how  many  valuable  leading 
ideas    connected  with    this    phase 
of  thought  were  temporarily  aban- 
doned  and  have  since  come  promi- 
nently before   the  scientific  world. 
The  year  1830  marked  the  victory 
of  Cuvier's  ideas  over  those  of  his 
great    contemporary   Geoffroy   St- 
Hilaire   in   the   French    Academy, 
and  with  it  the   temporary  defeat 
of    the   valuable   suggestions    con- 
tained in  the  writings  of  Lamarck 
and  Goethe. 

1  Georg  Forster  (1753-94)  was  one 
of  those  unique  men  in  the  history 
of  literature  and  science  who  com- 
bine the  artistic  with  the  scientific 
spirit,  promoting  equally  the  inter- 
ests of  poetry  and  of  exact  know- 
ledge by  a  loving  study  of  Nature, 
leading  to  new  views  of  art  as  well 
as  to  deeper  conceptions  in  science. 
He  may  be  classed  with  White  of 
Selborne  and  other  naturalists  of 
England  among  the  small  number 
of  those  who  quietly  and  unostenta- 
tiously prepared  the  healthier  forms 


of  Naturalism  which  permeate  the 
poetical  and  scientific  thought  of  our 
century,   culminating  in  the  great 
names  of  Wordsworth  and  Goethe, 
of  Humboldt  and  Darwin,  of  Wal- 
lace and  Haeckel.    His  life  presented 
many    interesting    and    some    un- 
happy episodes;    it  introduces   us 
into    the    political    aspirations    of 
the    early   French    Revolution,   to 
which    he  sacrificed    himself.      It 
has  been  written  by  Moleschott,  the 
naturalist,  by  Heinrich  Konig,  the 
novelist  (*  G.  Forster  in  Haus  und 
Welt,'  Leipzig,  1858,    2  vols.),  by 
Klein  ('Georg  Forster  in  Mainz'). 
Fr.  Schlegel  ('  Charakteristiken  und 
Kritiken,'  vol.  i.),  Gervinus  (Intro- 
duction to  the  7th  vol.  of  'Georg 
Forster's    Werke '),    and     Hettner 
('  Literatur  des  18*6"  Jahrhunderts,* 
vol.  iii.)  have  written  appreciative 
essays  on  him.      A.  von  Humboldt 
calls   him    his    master    (*  Kosmos,* 
vol.   i.    p.  345),  and   Herder  (Pre- 
face to  Georg  Forster's  translation 
of  '  Sakuntala ')  prophesies  his  last- 
ing fame  against  the    opinion    of 
his    less    appreciative    contempor- 
aries.     He  has  a  place  in  the  class- 
ical literature  both  of  England  and 
Germany  through  his  beautiful  de- 
scription of  Captain  Cook's  second 
voyage     round     the     world  — his 
father,  Joh.  Reinhold  Forster,  hav- 
ing been  selected  as  the  naturalist 
on   that   voyage  (London,  1777,  2 
vols.    4to),  German  edition,  1779. 
Richard  Garnett  has  said  of  him  : 
"His  account  of  Cook's  voyage  is 
almost   the  first  example    of    the 
glowing  yet  faithful  description  of 
natural  phenomena  which  has  since 
made   a    knowledge   of    them    the 
common  property  of  the  educated 
world.   ...  As  an  author  he  stands 
very  high ;    he  is  almost  the  first 
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Scientific 


Goethe ;  ^  but  they  could  hardly  be  encouraged  and  de- 
veloped sufficiently  without  that  strict  training  which  is 
acquired  through  the  routine  of  the  class-room,  or  under 
the  eye  of  a  recognised  authority. 

The  want  of  academic  union  and  organisation,  and  the 
?^riSis.  scattered  situation  of  the  many  small  centres  of  learning 
and  culture  in  Germany,  led,  however,  to  the  early  de- 
velopment of  those  scientific  periodicals  which  form  such 
a  characteristic  feature  in  German  literature.  They  were 
the  medium  for  the  exchange  of  ideas,  and  the  collecting- 
ground  for  researches,  in  an  age  when  exact  science  was 
not  systematically  taught  at  the  Universities,  and  when 
such  researches  otherwise  would  have  run  the  risk  of 
being  lost  in  obscurity  or  oblivion. 

At    the    end    of    the    eighteenth    century    Germany, 


and  almost  the  best  of  that  valu- 
able class  of  wi-iters  who  have  made 
science  and  art  familiar  by  repre- 
senting   them    in     their    essential 
spirit,  unencumbered  with  techni- 
cal details"  ('Ency.  Brit.,'  vol.  ix. 
p.  419).     Forster  lived  in  the  period 
of  transition  from  the  thought  of 
the  eighteenth  century  to  that  of 
the  nineteenth,  and  a  study  of  his 
Life,  Works,  and  Correspondence  is 
a  very  good  introduction  to  nearly 
all  the  great  problems  which  then, 
especially  on  the  Continent,  trou- 
bled the  minds  of  the  greatest  men. 
If  he  may  be  accused  of   want  of 
patriotism,   he  is  certainly   to  be 
admired  for  his  freedom  from  na- 
tional narrow-mindedness. 

1  It  has  taken  nearly  a  century 
before  the  real  value  of  Goethe's 
scientific  ideas  has  been  correctly 
gauged.  His  non- academic  sur- 
roundings, his  unscientific  style,  his 
antagonism  to  Newton,  his  mission 
as  a  poet — supposed  in  those  days 
to  be  less  realistic  than  we  have 


since   become   accustomed  to  con- 
sider  it — all    these    circumstances 
contributed     to     the    result    that 
Goethe's    scientific    writings    were 
not  taken  au  sirieux  by  the  natural- 
ists of  his  age.     Then  came  a  period 
when  men  of  science  began  to  sift 
the  wheat  from  the  chaff  ;  but  even 
they  have  only  tardily  recognised 
that,    more   than    in    special    dis- 
coveries or  suggestions,  his  great- 
ness lies  in  that  general  conception 
of  Nature  which  was  so  foreign  to 
his  age,  and  which  nevertheless  is 
becoming   more  and  more  familiar 
and  necessary  to  ours.      See  espe- 
cially Helmholtz's  valuable  essays 
on   Goethe  as  naturalist  from  the 
years   1853   and  1892  ('Vortriige,' 
vol.  i.,  and  address  delivered  at  the 
meeting  of  the  Goethe   Society  at 
Weimar,    1892),   and   the  remark- 
able progress  of  his  own  views  on 
this  subject  contained  therein.     We 
shall  have  ample  opportunity  of  re- 
verting to  this  subject. 


(  ^  Carl  Friedrich  Gauss  (1777- 
1855),  a  native  of  Brunswick,  called 
by  Laplace  the  first  mathematician 
of  Europe,  may  be  considered  as 
the  first  and  foremost  representa- 
tive of  the  modern  mathematical 
school,  of  which  we  shall  have  to 
treat  later  on.  Unlike  most  of 
the  great  mathematicians  of  the 
Continent,  he  was  self-taught,  and 
followed  in  his  earliest  works  quite 
independent  lines  of  thought;  re- 
sembling in  this  the  great  isolated 
thinkers  of  Britain  whose  ideas  take 
a  generation  or  more  to  penetrate 
into  the  text-books  of  the  school. 
Gauss  had  the  highest  opinion  of 
the  dignity  of  pure  science,  and  it 
almost  appears  as  if,  among  the 
modems,  only  Newton  had  come 
up  to  his  ideal.  For  him  alone 
he  reserves  the  adjective  "sum- 
mus,"  and  he  adopts  his  synthetic 
and  classical  methods  of  exposition, 
removing,  as  has  been  said,  the 
scaffoldings  by  the  aid  of  which  he 
had  erected  his  monumental  works. 


Gauss  trained  few  mathematicians  ; 
but  among  the  few  who  penetrated 
the  secret  of  his  ideas  are  such 
original  thinkers  as  the  Hungarian 
Bolyai  (1775-1856),  the  geometers 
Mobius  (1790-1868)  and  Von  Staudt 
(1798-1867),  who  all  mark  quite 
independent  lines  of  research.  On 
Gauss  see  Sartorius,  'Gauss  zum 
Gedachtniss,'  Leipzig,  1856  ;  Han- 
selmann,  *K.  F.  Gauss,'  Leipzig, 
1878;  E.  Schering,  *C.  F.  Gauss,' 
Gottingen,  1887. 

2  It  appears  that  Gauss,  to  whom 
the  arithmetical  discoveries  of  Fer- 
mat  and  the  proofs  of  Euler,  La- 
grange, and  Legendre  remained  for 
a  long  time  unknown  (see  his  Works, 
edited  by  Schering,  vol.  i.  p.  6; 
vol.  ii.  p.  444),  had  independently, 
in  his  eighteenth  year,  as  a  student 
at  Gottingen,  already  arrived  at  a 
great  number  of  propositions  refer- 
ring to  the  properties  of  numbers, 
and  had  then  also  found  methods 
of  geometrically  constructing  the 
regular  polygon  of  seventeen  sides. 
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though  not  by  its  universities,  was  already  an  import- 
ant power  in  the  Eepublic  of  exact  science  which 
then  had  its  centre  in  Paris.  Just  at  the  beginning 
of  the  nineteenth  century  two  events  happened  which 
foreboded  for  the  highest  branches  of  the  mathematical 
sciences  a  revival  of  the  glory  which  in  this  depart- 
ment Kepler  and  Leibniz  had  already  given  to  their 
country.  These  two  events  are  both  coupled  with  the 
name  of  Carl  Friedrich  Gauss.  They  added  greatly 
to  the  reputation  of  the  University  of  Gottingen,  with 
which  this  remarkable  man  was  connected  for  half  a 
century.^  The  first  was  the  publication  of  the  'Dis- 
quisitiones  Arithmeticae '  in  Latin  in  1801 — a  work  by 
which  Gauss  placed  himself  on  a  level  with  the  great 
mathematicians,  Euler,   Lagrange,  and  Legendre.^     The 
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second  was  the  invention  of  a  new  and  shorter  method 
of  calculating  the  orbit  of  a  planet  from  a  limited  number 
of  contiguous  observations/     This  method  was  communi- 


The  latter  was  the  first  addition 
made  after  2000  years  to  the 
knowledge  of  this  matter  possess- 
ed by  the  ancients.  (See  '  Disquis. 
Arithm.,'  sec.  365:  *' Magnopere 
sane  est  rairandum,  quod,  quum 
jam  Euclidis  temporibus  circuli 
divisibilitas  geometrica  in  tres  et 
quinque  partes  uota  fuerit,  nihil 
his  inventis  intervallo  2000  anno- 
rum  adjectum  sit,"  &c.  ;  and  his 
manuscript  note  to  this  passage, 
given  by  Schering,  vol.  i.  p.  176  : 
'*  Circulum  in  17  partes  divisibilem 
esse  geometrice,  deteximus  1796, 
Mart.  30.")  It  is  probably  owing 
to  the  independent  manner  in  which 
Gauss  approached  the  subject  that 
he  early  found  the  necessity  of 
treating  subjects  of  higher  arith- 
metic (i.e.,  of  the  theory  of  num- 
bers or  "discrete  magnitudes"  as 
distinguished  from  algebra,  which 
is  the  theory  of  "continuous  mag- 
nitudes") by  an  independent  me- 
thod, for  which  he  invented  a 
language  and  an  algorithm.  He 
thus  raised  this  part  of  mathe- 
matics into  an  independent  science, 
on  which  the  '  Disquisitiones  Arith- 
meticae '  is  the  first  elaborate  and 
systematic  treatise.  Legendre's 
'Traite  des  nombres'  (1799)  is  a 
complete  thesaurus  of  all  that  was 
at  that  time  known  and  of  what 
was  added  by  him,  but  it  does  not 
attempt  to  establish  the  science  on 
a  new  basis. 

^  On  the  1st  January  1801 
Piazzi  at  Palermo  had  found  a 
movable  star  of  8th  magnitude, 
RA.  57"  47',  ND.  16"  8',  which  he 
announced  to  Bode  at  Berlin  as  a 
comet  on  the  24th  January  ;  but 
a  few  days  later  he  concluded  it 
must  be  a  planet,  and  named  it 
**  Ceres  Ferdinandea."    No  one  be- 


sides Piazzi  could  find  the  star,  but 
several  astronomers,  Piazzi  himself, 
Olbers  at  Bremen,  and  Burckhardt 
at  Paris,  tried  to  calculate  the  orbit 
from  the  observations  of  the  dis- 
coverer, which  were  contained 
within  only  9  degrees.  The  at- 
tempt to  do  so  under  the  sup- 
position of  either  a  circular  or  a 
parabolic  or  an  elliptic  orbit  failed, 
and  Olbers  expressed  the  fear  that 
with  the  circular  or  elliptic  ele- 
ments which  had  been  published  in 
Zach's  periodical,  it  might  prove 
impossible  to  find  the  star  when 
it  should  again  become  visible. 
Very  near  the  expected  time,  as 
i  late  as  the  beginning  of  December, 
Gauss  communicated  his  elements 
to  Von  Zach,  who  published  them 
at  once,  recommending  astronomers 
to  follow  Dr  Gauss's  figures  and 
look  6"  to  7°  more  eastward  than 
the  positions  of  Burckhardt,  Piazzi, 
and  Olbers  indicated.  And  actu- 
ally on  the  7th  December  1801 
Zach  himself,  and  on  the  1st  Janu- 
ary 1802  Olbers,  succeeded  in  find- 
ing the  star,  "like  a  grain  of  sand 
on  the  sea -shore,"  very  near  the 
positions  calculated  by  Gauss. 
These  results,  followed  soon  by 
the  discovery  of  other  planets  by 
Olbers  and  Harding,  gave  a  great 
impetus  to  the  study  of  astronomy. 
Gauss's  methods  were  published 
in  extenso  in  the  now  celebrated 
*  Theoria  motus  corporum  coeles- 
tium '  in  1809.  Two  problems  are 
herein  treated  in  a  novel  and  com- 
plete manner.  The  first  was  to 
calculate  by  a  simple  and  accurate 
method  from  the  necessary  number 
of  observations  the  orbit  of  a  planet 
or  comet  on  the  assumption  of  New- 
ton's law  of  gravitation,  but  with- 
out any  other  special  conditions. 
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cated  to  Von  Zach  in  the  course  of  the  year  1801,  and 
enabled  him  and  Olbers  to  rediscover  the  first  of  the 
small  planets,  Ceres,  which  Piazzi  had  observed  on  the 
1st  of  January  1801  at  Palermo,  and  afterwards  lost  as 
it  approached  the  region  of  the  sun's  light.  Through 
this  Gauss  placed  himself  on  a  level  with  the  great 
French  astronomers  Laplace,  Lalande,  and  others.  The 
new  professor  of  mathematics  and  director  of  the  obser- 
vatory of  Gottingen  was  admitted  into  the  august  com- 
pany of  the  Paris  academicians,  who  then  ruled,  and  since 
the  death  of  Euler  had  almost  monopolised,  the  mathe- 
matical studies  of  the  world.  Although  Gauss  thus 
introduced  the  higher  and  abstract  branches  of  exact 
science  into  the  programme  of  a  German  university, 
and  established  a  link  between  Paris  and  Germany 
in  mathematics,  as  Humboldt  had  done  shortly  before 
in  the  natural  sciences,  fully  a  quarter  of  a  century 
was  to  elapse  before  the  spirit  of  exact  research,  and  le. 
of  the  higher  mathematics,  really  began  to  leaven  the  spint  enters 

the  univer- 

German  universities.     It  then  at  length  entered  the  field  cities  ih  the 

*-•  second  quar- 

as  a  third  and  equally  important  agent  by  the  side  of  the  ^^^°^t^® 


century. 


This  was  achieved  to  perfection, 
a  proof  of  the  usefulness  of  the 
method  being  the  fact  that  Gauss 
succeeded  in  finishing  in  one  hour 
a  calculation  which  had  taken  Euler 
three  days,  and  had  resulted  in  his 
blindness.  The  second  problem 
arises  from  the  fact  that  the  num- 
ber of  observations  is  always  in 
excess  of  the  number  mathemati- 
cally necessary,  and  that,  owing  to 
the  unavoidable  inaccuracies,  dif- 
ferent sets  of  observations  give 
filightly  difierent  orbits.  How  are 
these  to  be  used  so  as  to  give  the 


I  most  correct  average  result  ?  This 
i  involves  a  question  in  probabilities. 
I  As  early  as  1795  Gauss  was  in  pos- 
i  session  of  the  so-called  method  of 
I  least  squares,  which  occurred  to  him 
so  naturally  that  he  suspected  that 
Tobias  Mayer  must  have  already 
known  about  it.  It  also  occurred 
independently  to  Legendre,  who 
was  the  first  to  publish  it,  in  1806, 
in  his  '  Nouvelles  methodes  pour  la 
determination  des  orbites  des  co-  ^ 
mdtes. '  See  Sartorius,  *  Gauss  zum  ) 
Gediichtniss, '  p.  41  sqq. 
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philosophical  and  classical  spirit.  During  these  twenty- 
five  years  Gauss  lived  and  soared  in  solitary  height — a 
name  only  to  the  German  student,  as  Euler  had  been 
before  him.  Probably  he  was  better  known  to  the 
younger  astronomers  whom  he  trained,  and  the  elder  ones 
with  whom  he  corresponded.  But  astronomy  was  not 
then  within  the  pale  of  the  universities.  To  what  extent 
the  character  of  Gauss's  own  genius  was  the  cause  of  this 
it  is  difficult  to  say.^  He  himself  had  not  come  under 
the  influence  of  any  great  teachers  such  as  Paris  then 
possessed;  he  was  self-taught,  and  had  early  imbibed 
a  great  admiration  for  the  methods  of  Euclid,  Archimedes, 
and  Newton ;  he  wrote  in  the  classical  style  fitted  for  all 
times,  but  not  for  uninitiated  beginners.^     It  is  certain. 


^  Bjerknes,  in  his  most  interesting 
memoir  on  Abel,  refers  frequently 
to  the  awe  in  which  Gauss  was  held 
by  younger  mathematicians. 

2  In  this  Gauss  resembled  New- 
ton. He  was  therefore,  like  Newton, 
frequently  forestalled  by  others, 
who  published  his  new  methods 
and  ideas  in  an  unfinished  and  frag- 
mentar}'  form;  whereby  it  is  not 
suggested  that  these  simultaneous 
discoveries  or  inventions  were  not 
quite  independent.  Two  examples 
of  this  may  be  added  to  those  given 
above.  When  Gauss  published  the 
*Disquis.  Arith.'  in  1801,  he  left 
out  the  last  or  eighth  section,  which 
was  to  treat  of  the  residues  of  the 
higher  orders.  He  had  already 
nearly  completed  the  theory  of 
biquadratic  residues.  In  dealing 
with  this  subject  he  had  found  it 
necessary  to  extend  the  conception 
of  number  beyond  the  limits  then 
in  use.  If  we  confine  ourselves  to 
integers,  the  only  extension  which 
then  existed  of  the  notion  of  number 
was  in  the  use  of  negative  numbers. 


These  were  counted  on  a  straight 
line  backward,  as  positive  (or  or- 
dinary) numbers  were  counted  for- 
ward. Gauss  conceived  the  idea  of 
counting  numbers  lat/  Uy  from  the 
straight  line  which  represented  the 
ordinary — positive  and  negative — 
numbers.  He  called  numbers  which 
were  thus  located  in  the  plane 
"  complex  numbers,"  as  they  had  to- 
be  counted  by  the  use  of  two  units, 
the  ordinary  unit  1  and  a  new  unit 
i.  He  also  showed  that  this  new 
unit  i  stood  in  such  relations  to  the 
ordinary  unit  1  as  were  algebraically 
defined  by  the  mysterious  imagin- 
ary symbol  ^J-1.  The  complete 
exposition  of  this  new  or  complex 
system  of  counting  was  not  ex- 
plained by  Gauss  till  the  year 
1831,  when  he  published  the 
'  Theoria  residuorum  biquadrati- 
corum.'  In  the  meantime  the 
geometrical  representation  of  im- 
aginary quantities  had  been  devised 
and  published  by  Argand  (1806), 
but  not  being  employed  for  such 
important    researches,   it   had   re- 


17. 

Jacobi's 
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however,  that  the  spirit  of  exact  and  specially  mathe- 
matical research  owed  its  right  of  domicile  within  the 
universities  to  others  who  came  after  him,  and  to  cir- 
cumstances with  which  he  was  hardly  connected. 

The  man  to  whom  Germany  owes  its  first  great  school 
of  mathematicians  was  Jacobi.  He  was  self-taught  like  ^^^^^^; 
Gauss;  but  whilst  Gauss  followed  in  the  footsteps  of 
Newton  and  the  ancients,  Jacobi  followed  in  those  of 
Euler,  Lagrange,  and  Laplace.  The  style  and  methods 
of  these  mathematicians,  being  more  suited  for  didactic 
purposes  than  the  classical  style  of  Euclid,  Newton,  and 
Gauss,  was  probably  more  congenial  to  the  mind  of 
Jacobi,  who  from  his  twenty-first  year  (1825)  developed 
a  great  activity  as  an  academic  teacher.^     He  was  first 


I 


mained  unknown  and  unnoticed. 
See  on  the  history  of  the  subject, 
Hankel,  'Theorie  der  complexen 
Zahlensysteme,'  1867,  pp.  71,  82. 
Gauss,  through  hiding  his  researches 
on  this  subject  so  long,  lost  the 
claim  to  the  priority  of  the  inven- 
tion, though  not  of  the  effectual 
use  of  it.  In  another  instance  he 
allowed  others  to  appropriate  the 
merit  of  cultivating  a  large  new 
field  which  had  been  familiar  to 
him  many  years  before.  It  was 
known  all  through  the  first  half  of 
the  century  that  Gauss  was  in  pos- 
session of  valuable  discoveries  in 
what  he  termed  the  "  new  transcen- 
dent functions. "  References  in  the 
'  Disquisitiones,'  §  335,  in  his  corres- 
pondence with  Schumacher,  Bessel, 
Gibers,  and  Crelle,  had  made  his 
friends  curious  to  see  the  "  amplum 
opus"  which  he  had  promised.  It 
appears,  however,  that,  independ- 
ently of  him,  Jacobi  and  Abel 
(1802-29)  following  the  investiga- 
tions of  Legendre  (whose  labours 
began  in  1786  and  culminated  in 


his  great  work  *  Traite  des  fonctions 
elliptiques,  &c.,'  1825-28,  2  vols, 
and  3  supplements),  succeeded  in 
developing  the  theory  very  much 
on  the  same  lines  as  Gauss  had 
taken  nearly  a  generation  earlier. 
Eminent  mathematicians  who,  since- 
the  publication  of  Gauss's  posthu- 
mous papers,  have  fully  investi- 
gated the  subject,  assign  to  Jacobi 
and  Abel  the  undisputed  priority 
of  publishing,  but  to  Gauss  that  of 
discovering,  the  fundamental  pro- 
perties of  the  "doubly  periodical" 
functions.  Full  details  will  be 
found  in  the  historical  introduction 
to  Enneper's  '  Elliptische  Func- 
tionen,'  2nd  ed.,  Halle,  1890.  See 
also  Gauss's  Werke,  vol.  iii.  p.  491- 
496  ;  Dirichlet's  Discourse  on  Jacobi 
in  Jacobi's  Werke,  vol.  i.  p.  11  ;  C. 
A.  Bjerknes,  '  N.  H.  Abel,'  Paris, 
1885;  Koenigsberger,  'Zur  Ges- 
chichte  der  Theorie  der  elliptischen 
Transcendenten,'  Leipzig,  1879. 

1  Carl  Gustav  Jacob  Jacobi  (bom 
at  Potsdam  1804,  died  at  Berlin 
1851)  was  the  first  great  mathe- 
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at  Berlin,  then  at  Konigsberg;  these  two  universities 
havincr  become  through  him  and  Bessel  the  German 
teaching  centres  of  the  higher  mathematics,  both  pure 
and  applied.  They  have  up  to  the  present  day  fully 
maintained  this  pre-eminent  position.  They  were  teach- 
incr  centres  in  the  sense  defined  above — not  only  as 
regards  mathematical  knowledge  and  method,  but  like- 
wise as  regards  mathematical  research.  For  this  pur- 
pose— as  in  the  philological  sciences — the  lecture-room 
was  not  sufficient ;  there  was  also  wanted  a  repository 
for  the  independent  and  original  contributions  of  the 
school.  Like  the  ficole  polytechnique  thirty  years  before 
in  Paris,  the  Berlin  school  of  mathematicians  started  with 
an  >  important  periodical.  This  was  known  as  Crelle's 
Journal.  Together  with  the  Memoirs  of  the  Paris  Aca- 
demy and  the  Journal  de  TEcole  polytechnique,  it  forms 
the  principal  repository  for  the  higher  mathematical  work 
of  the  first  half  of  the  century.^     It  was  also  through 


matical  teacher  of  Germany.  Of 
him  Lejeune  Dirichlet  says  :  '*  It 
was  not  his  business  to  communicate 
what  was  finished  and  what  had 
been  communicated  before ;  his 
lectures  all  treated  of  subjects 
which  lay  outside  of  the  field  of 
the  text-books,  and  covered  only 
those  parts  of  science  in  which  he 
had  himself  been  creative.  With 
him  this  meant  that  they  exhibited 
the  greatest  variety.  His  lectures 
were  not  remarkable  for  that  kind 
of  clearness  which  is  character- 
istic of  intellectual  poverty,  but  for 
a  clearness  of  a  higher  kind.  He 
tried  primarily  to  show  the  leading 
ideas  which  underlay  any  theory, 
and  whilst  he  removed  everything 
that  had  an  artificial  appearance, 
the  solution  of  problems  presented 
itself  so  easily  to  his  hearers  that 


they  could  hope  to  do  something 
similar.  .  .  .  The  success  of  this 
unusual  method  was  truly  remark- 
able. If  in  Germany  the  knowledge 
of  the  methods  of  analysis  is  now 
spread  to  a  degree  unknown  to 
former  times,  if  numerous  mathe- 
maticians extend  the  science  in 
every  direction,  this  gratifying  re- 
sult is  principally  owing  to  Jacobi. 
Nearly  all  have  been  his  pupils," 
&c.  (Dirichlet's  Discourse  in  the 
Academy  of  Berlin,  1852,  Jacobi's 
Werke,  vol.  i.  p.  21.) 

^  The  two  mathematicians  on 
whom  A.  L.  Crelle  (1780-1855)  re- 
lied mainly  for  contributions  when 
he  started  the  '  Journal  fiir  die 
reine  und  angewaudte  Mathematik ' 
in  1826  were  Abel  and  Steiner. 
For  originality  of  thought  they 
stand  quite  alone.     Both  extended 
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Jacobi,  and  still  more  through  his  contemporary  Lejeune 
Dirichlet  (born  1804  at  Duren,  of  French  extraction, 
and  trained  in  Paris  under  Laplace,  Legendre,  Fourier, 


the   field   of   research   which   they 
cultivated    by   fundamentally  new 
ideas   of    such   breadth   that   fully 
half   a    century   was  required   be- 
fore they  were  thoroughly  appreci- 
ated    by     mathematicians.       Abel 
(a    Norwegian    by   birth)    died    in 
1829     when     only     twenty -seven 
years  old,  having  during  the  four 
years  which  embrace  his  published 
memoirs    extended    the    limits    of 
algebra  and   laid    the  foundations 
for   a    more   comprehensive   treat- 
ment of  the  higher  or  transcendent 
functions,  or  forms  of  mathematical 
dependence.      Mathematicians    be- 
fore him  had  tried  to  solve  algebra- 
ically equations  beyond  the  fourth 
degree,  but  had  failed.    Abel  proved 
that  the  problem  as  then  conceived 
could  not  be  generally  solved.     Le- 
gendre   had    through   his    unaided 
labours,     extending     over     thirty 
years,    established    the    theory    of 
elliptic    integrals    as    far    as    w^as 
possible  on  the  lines  then  adopted. 
Abel — and  simultaneously  Jacobi — 
treated  the  subject  from  an  entirely 
novel  point  of  view,  and  by  doing 
so  opened  out  quite  a  new  field  of 
research,  the  extent  and  importance 
of  which  Abel  fully  recognised  when 
he  presented  to  the  French  Acad- 
emy his  memoir  of  1826,  in  which 
he   dealt  with  functions  of  which 
those    studied    by    Legendre    and 
Jacobi    were    only    special    cases. 
This     memoir,     containing    Abel's 
celebrated  theorem,  which  he  had 
already    discovered    in    1825,    and 
which  was  published  in  a  brief  ar- 
ticle in  Crelle's  Journal  in  1829,  re- 
mained unnoticed,  being,  as  Legen- 
dre explained  to  Jacobi,  almost  un- 
readable.   SeeEnneper, 'Elliptische 
Functionen,'  2nd  ed.,  p.  192;  Jaco- 
bi's Werke,  vol.  i.  p.  439,  &c.    Abel 


has  been  called  the  greatest  mathe- 
matical genius  that  has  yet  existed 
(Oltramare  in  '  La  grande  Encyclo- 
pe'die,'  art.    ''Abel");  his  fellow- 
worker,  Jacob  Steiner  (1796-1863, 
a  Swiss  by  birth),  has  been  termed 
the  greatest  geometrician  of  modern 
times.      The   progress    of   analysis 
had   thrown   into   the   background 
purely   geometrical   researches,    al- 
though a  revival  of  these  had  com- 
menced in  France  with  Monge  and 
his  followers,  and  had  been  further 
pronioted    by    Poucelet,     as    well 
as   simultaneously  by  Mobius   and 
Pliicker  in  Germany.     The  labours 
of   the   two  latter  remained  for  a 
long  time   unknown   and   unrecog- 
nised.      Steiner,     who     was    self- 
taught,  who  disliked  the  calculus, 
and  considered  it  a  disgrace  that 
geometry  could  not  solve  her  prob- 
lems by  purely  geometrical  methods, 
undertook  to  find  the  common  root 
and   leading  principle   which    con- 
nected all  the   theorems  and  por- 
isms  bequeathed  to  us  by  ancient 
and  modern  geometry ;    he  brings 
order    into    the  chaos,  and   shows 
how  nature  with   a  few   elements 
and  the  greatest  economy  succeeds 
in  giving  to  figures  in  space  their 
numberless     properties.      He     not 
only  completed  that  part  of  geome- 
try which  had  been  treated  by  the 
ancients — the  geometry  of  the  line, 
the  conic  sections  or  curves  of  the 
second  order,   and  the  surfaces  in 
space  corresponding  to  them— but 
he   also    attacked   problems   which 
before  him  had  been  solved  only  by 
the  calculus,  and  even  succeeded  in 
carrying  his   methods   beyond   the 
reach    of    the    calculus    of    varia- 
tions,   specially    invented    to    deal 
with  geometrical  questions.      Like 
Fermat  in  the  theory  of  numbers, 
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Poisson,  Cauchy),  that  the  great  work  of- Gauss  on  the 
theory  of  numbers,  which  for  twenty  years  had  remained 
sealed  with  seven  seals,  was  drawn  into  current  mathe- 
matical literature,  and  became,  as  Newton's  '  Principia ' 
had  become  a  century  earlier,  an  inexhaustible  mine  of 
wealth  for  succeeding  generations. 

About  the  same  time  the  experimental  side  of  exact 
research — the  use  of  the  chemical  balance,  through  which 
Lavoisier  and  his  followers  had  done  so  much  to  establish 
chemistry  on  a  firm  and  independent  basis — received  a 
great  impetus  by  the  establishment  of  the  first  chemical 
laboratories  within  the  pale  of  the  universities.^  In  this 
direction  the  greatest  influence  probably  belongs  to  the 
small  town  of  Giessen,  where  Liebig  opened  his  cele- 
brated laboratory  in  the  year  1826.      It   became   the 


Steiner  in  geometry  left  to  his  fol- 
lowers a  large  number  of  theorems 
and  problems  without  proofs  which 
he  had  solved  by  his  methods  ;  and 
it  was  only  in  quite  recent  times 
that  the  Italian  Cremona  succeed- 
ed in  definitely  clearing  up  the 
whole  of  this  original  and  valuable 
bequest.  See  Hankel,  'Die  Ele- 
mente  der  projectivischen  Geome- 
tric, chapter  i.  ;  Jacob  Steiner, 
Werke,  vol.  ii.  p.  495. 

1  On  Liebig's  laboratory  see  Hof- 
mann's  Faraday  Lecture,  p.  8. 
Chemical  laboratories  existed  for 
teaching  purposes  before  Liebig's 
at  Giessen.  Kopp  ('  Geschichte  der 
Chemie,'  vol.  ii.  p.  19)  mentions  one 
at  Altorf,  which  was  founded,  1683, 
by  the  council  of  the  city  of  Niirn- 
berg  for  academic  teaching  pur- 
poses. For  the  training  of  the 
modern  school  of  chemists  no  man 
did  more  than  Berzelius,  in  whose 
laboratory  there  were  trained  Chr. 
Gmelin,  Mitscherlich,   H.  and   G. 


Rose,  Wohler,  Magnus,  Arfvedson, 
Nordenskiold,  Mosander,  and  others. 
Sir  William  Thomson  (Lord  Kelvin) 
in  '  Nature,'  vol.  xxxi.  p.  409,  men- 
tions the  beginnings  of  laboratory- 
teaching    at     Glasgow     by     Prof. 
Thomas   Thomson   in   1828.      But 
what    was    probably    peculiar    to 
Liebig's  laboratory  was  the  syste- 
matic and  methodical  training,  on 
a  specially  devised  plan,  in  quali- 
tative,   quantitative,    and    organic 
analysis,   by  which  young   persons 
were    introduced    to    a    thorough 
knowledge   of   chemical    properties 
and    manipulations.      The    guides, 
text-books,  and  tables  for  analytic 
work  of  Will,  Fresenius,  and  others 
were    elaborated      to      meet     the 
requirements    of    such    methodical 
teaching.      Almost    simultaneously 
with  Liebig  at  Giessen,  Purkinje  at 
Breslau  laid  the  foundation  for  the 
first  physiological  laboratory.     See 
Du  Bois-Reymond,  'Reden,'  vol.  ii. 
p.  367. 
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training-school  for  the  greater  part  of  the  eminent 
chemists  outside  of  Paris,  and  the  model  for  similar 
establishments,  and  extended  its  influence  over  the 
world — into  England,  Scotland,  and  America.  It  also 
did  more  than  any  other  institution  of  that  kind  for  the 
development  of  ready  and  accurate  methods  of  analysis, 
such  as  are  now  used  in  the  remotest  regions.  But  it 
was  significant  for  German  chemistry,  and  for  the  cos-  ^.^^J^-^^.^ 
mopolitan  character  of  German  science  generally,  that  g;?^^^"^^,^- 
this  brilliant  development  of  experimental  research  was  "^^^  science. 
stimulated  from  two  independent  centres ;  that  German 
chemists  as  little  as  German  mathematicians  attached 
themselves  in  a  one-sided  manner  to  the  Paris  school. 
In  mathematical  science  the  classical  style  of  Gauss, 
transmitted  from  the  ancients  through  Newton,  com- 
bined with  the  analytical  or  modern  French  style  of 
Jacobi  and  Dirichlet  to  give  to  German  research  its 
character  of  universality.  In  a  similar  manner,  when 
chemistry  again  found  a  domicile  in  Germany  and  be- 
came an  integral  portion  of  the  university  programme, 
it  had  been  trained  in  two  different  schools.  For  there 
lived  at  that  time  in  Sweden  the  eminent  authority  Ber- 
zelius/ who  divides  with  Gay-Lussac  the  glory  of  being 


^  J.  Jacob  Berzelius  (a  Swede, 
1779-1848),  one  of  the  most  eminent 
and  industrious  of  chemists,  had  a 
great  influence  on  the  development 
of  modern  chemistry  by  the  num- 
ber as  well  as  by  the  accuracy  of  his 
experimental  determinations,  by  his 
invention  of  methods  and  apparatus 
for  analysis,  and  by  his  extensive 
proofs  of  several  of  the  most  im- 
portant theories.  The  latter  di- 
rected the  labours  and  governed  the 
opinions  of  many — especially  Ger- 


man— investigators.  It  was  through 
him  mainly  that  Richter's  chemi- 
cal equivalents  and  Dalton's  atomic 
theory  were  extensively  verified  and 
applied  to  all  parts  of  the  science, 
to  organic  and  mineralogical  chem- 
istry. He  also  elaborated,  in  close 
connection  with  Davy's  electrical 
discoveries,  his  celebrated  electro- 
chemical theory,  which  up  to  the 
year  1840  was  very  generally  ac- 
cepted by  chemists ;  and  he  assisted 
through   his   repeated    expositions 
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the  master  of  the  great  German  chemists  of  the  middle 
of  the  century.  Mitscherlich  at  Berlin  and  Wohler  at 
Gottingen  belonged  to  the  school  of  the  former,  whereas 
Liebig  had  the  good  fortune  to  be  introduced  through 
Humboldt  into  Gay-Lussac's  laboratory  at  Paris  as  the 
first  pupil.^ 


and  criticisms  in  breaking  down  the 
older  oxygen  theory  of  acids  in  fa- 
vour of  Davy's  more  general  views, 
based  upon  his  recognition  of  chlo- 
rine and  iodine  as  elementary  bodies. 
His  handbook  of  Chemistry,  as  well 
as  his  '  Jahresbericht '  (from  1820), 
probably  did  more  than  any  other 
publications  for  the  diffusion  of  ac- 
curate chemical  information. 

^  Liebig  has  himself,  in  an  auto- 
biographical memoir  published  post- 
humously, so  fully  described  the 
merits  of  the  two  schools,  and  at 
the  same  time  given  such  a  vivid 
picture  of  the  truly  scientific  spirit 
which  animated  German  universi- 
ties at  that  time,  that  I  am  tempt- 
ed to  give  here  some  extracts.  Of 
his  studies  in  Paris  he  says  :  "  What 
influenced  me  most  in  the  French 
lectures  was  their  inner  truthfulness 
and  the  careful  omission  of  all  mere 
semblance  of  explanations :  it  was 
a  complete  contrast  to  the  German 
lectures,  in  which,  through  a  pre- 
ponderance of  the  deductive  pro- 
cess, the  scientific  doctrine  had  quite 
lost  its  rigid  coherence.  ...  I  re- 
turned to  Germany  (1824),  where, 
through  the  school  of  Berzelius, 
...  a  great  reform  had  already 
begun  in  inorganic  chemistry.  .  .  , 
I  always  remember  with  pleasure 
the  twenty -eight  years  which  I 
passed  at  Giessen  :  it  was,  as  it  were, 
a  higher  providence  which  led  me 
to  the  small  university.  At  a  large 
university,  or  in  a  larger  town,  my 
powers  would  have  been  broken  up 
and  frittered  away,  and  the  attain- 
ment of  the  aim  which  I  had   in 


view  would  have  been  much  more 
difficult,  if  not  impossible  ;  but  at 
Giessen  all  were  concentrated  in 
the  work,  and  this  was  a  passion- 
ate enjoyment."  "  The  necessity  of 
an  institute  where  the  pupil  could 
instruct  himself  in  the  chemical  art, 
by  which  I  understand  familiarity 
with  chemical  operations  of  analysis 
and  adroitness  in  the  use  of  appar- 
atus, was  then  in  the  air,  and  so  it 
came  about  that  on  the  opening  of 
my  laboratory  .  .  .  pupils  came 
to  me  from  all  sides.  .  .  .  The 
greatest  difficulty  presented  itself, 
as  the  numbers  increased,  in  the 
practical  teaching  itself.  In-order 
to  teach  many  at  once,  an  ordered 
plan  was  required  and  a  progres- 
sive way  of  working,  which  had 
to  be  thought  out  and  tried.  .  .  . 
A  very  short  time  had  sufficed  for 
the  celebrated  pupils  of  the  Swedish 
master  to  give  to  mineral  analysis 
...  an  admirable  degree  of  per- 
fection. .  .  .  Physical  chemistry 
.  .  .  had  through  the  discoveries 
of  Gay-Lussac  and  Humboldt,  .  .  . 
and  of  Mitscherlich,  .  .  .  gained  a 
solid  foundation,  and  in  the  chemi- 
cal proportions  the  edifice  appeared 
to  have  received  its  coping-stone, 
.  .  .  No  organic  chemistry  .  .  .  then 
existed  ;  Thenard  and  Gay  -  Lus- 
sac,  Berzelius,  Prout,  Dbbereiner, 
had  indeed  laid  the  foundation  of 
organic  analysis ;  but  even  the 
great  investigations  of  Chevreul  on 
the  fatty  bodies  received  for  many 
years  only  scant  attention.  Inor- 
ganic chemistry  still  absorbed  too 
many,  and  indeed  the  best,  forces. 


Twenty  years  after  Gauss's  great  mathematical  achieve- 
ments, two  new  discoveries  announced  to  the  scientific 
world  that  Germany  had  again  taken  a  foremost  position 
in  chemistry.  These  were  Mitscherlich's  discovery  of 
isomorphism  in  1819,^  and  Wohler's  preparation  of  an 
organic  compound  from  inorganic  materials  in  1828.^ 

In  1830  Liebig  succeeded  in  finally  establishing  that       20. 

Liebig's 

simple  and  accurate  method  of  organic  analysis  known  organic 

^  o  ./  analysis. 

by  his  name.     Organic  chemistry,  in  its  modern  sense, 


|;it  1 


The  direction  I  had  received  in 
Paris  was  a  different  one.  ...  I 
saw  very  soon  that  all  progress  in 
organic  chemistry  depended  on  its 
simplification.  .  .  .  The  first  years 
of  my  residence  at  Giessen  were 
almost  exclusively  devoted  to  the 
improvement  of  organic  analysis, 
and  with  the  first  successes  there 
began  at  the  small  university  an 
activity  such  as  the  world  had  not 
yet  seen.  ...  A  kindly  fate  had 
brought  together  in  Giessen  the 
most  talented  youths  from  all 
countries  of  Europe.  .  .  .  Every 
one  was  obliged  to  find  his  own 
way  for  himself.  .  .  .  We  worked 
from  dawn  to  the  fall  of  night : 
there  were  no  recreations  and 
pleasures  at  Giessen.  The  only 
complaints  were  those  of  the  at- 
tendant, who  in  the  evenings,  when 
he  had  to  clean,  could  not  get  the 
workers  to  leave  the  laboratory." 
See  *  Deutsche  Rundschau,'  vol. 
Ixvi.  pp.  30-39. 

1  Eilhard  Mitscherlich  (1794- 
1863),  a  pupil  of  Berzelius,  dis- 
covered in  1819  that  in  compound 
bodies  which  crystallise  in  definite 
forms  certain  elements  can  be  re- 
placed by  others  in  the  proportion 
of  their  chemical  equivalence  with- 
out changing  the  form  of  crystallisa- 
tion. Such  elements  are  termed 
*'  isomorphous."    Berzelius  declared 


this  to  be  the  most  important  dis- 
covery that  had  been  made  since 
the  theory  of  chemical  proportions 
had  been  established. 

-'  This  synthesis  was  the  prepara- 
tion of  urea,  a  highly  organic  sub- 
stance, out  of  the  compounds   of 
cyanogen,  with  the  examination  of 
which  he  and  Liebig  were  then  oc- 
cupied.    "  It  was  the  first  example 
of   the  fact   that  an  organic   sub- 
stance could,  by  chemical  methods 
alone,    be    produced   out   of    inor- 
ganic materials  ;  this  discovery  de- 
stroyed  the   difference  which  was 
then   considered  to  exist   between 
organic  and  inorganic  bodies — viz., 
that    the    former    could    only    be 
formed  under  the  influence  of  vege- 
table or  animal  vital  forces,  where- 
as the  latter  could   be  artificially 
produced"  (Kopp,  *  Geschichte  der 
Chemie,'  vol.  i.  p.  442).     It  must 
here  be  remarked  that  this  state- 
ment  is  only  correct  if   the   sub- 
stances, cyanic  acid  and  ammonia, 
out  of  which  Wohler  produced  urea, 
are  considered  to  be  inorganic  ;  in- 
asmuch as  neither  of  them  had  then 
been  produced  otherwise  than  out 
of  organic  substances,  the  popular 
notion  on  W^ohler's  important  dis- 
covery requires  this  correction.    See 
Kopp,  *  Gesch.  der  Wissenschaf ten 
in  Deutschland,'  vol.  x.  p.  546. 
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may  be  said  to  date  from  these  and  other  simultaneous 
labours  of  Liebig  and  Wohler.^  But  although  the  pure 
sciences,  mathematics,  physics,  and  chemistry,  advanced 
on  new  lines  in  the  hands  of  German  students,  and 
although  theoretical  investigations  have  always  been 
favourite  pursuits  of  theirs,  as  we  shall  have  ample 
opportunity  to  note  in  the  course  of  our  further  survey, 
the  greatest  contribution  to  the  progress  of  science,  and 
the  most  brilliant  performances  of  the  exact  spirit  of 
research  which  emanated  from  Germany  during  the  first 
half  of  this  century,  lay  in  a  different  direction.  And  it 
is  hard  to  believe  that  the  conditions  favourable  to  this 
peculiar  growth  could  have  been  found  anywhere  else 
than  in  the  German  universities.  The  many  elements  of 
thought  which  meet  on  that  ground,  the  equal  dignity 


1  The    joint    labours    of    Liebig 
(1803-73)    and   Wohler    (1800-82), 
which  have   become   of    such    im- 
portance  to   science,  form   one  of 
the   most  interesting   instances  of 
scientific  co-operation  between  two 
men    pursuing    different    lines    of 
thought    and    trained   in   different 
schools.     See  the  preface  to  Hof- 
mann's  edition  of  Liebig  and  Woh- 
ler s   Correspondence.     In  Liebig' s 
autobiographical     sketch,     quoted 
above,  he  thus  enlarges  on  his  re- 
lations  to   Wohler:    "It  was   my 
good  fortune   that,   from   the  be- 
ginning of   ray  career  at  Giessen, 
similar  inclinations  and  endeavours 
secured   me  a  friend,  with  whom, 
after  so  many  years,  I  am  still  (be- 
tween   1860   and   1870)   connected 
by  ties  of  the  warmest  affection. 
Whereas  in  me  the  tendency  pre- 
dominated to  look  for  the  likenesses 
of   substances  and   their  combina- 
tions, he  possessed  an  incomparable 
talent  for  seeing  their  differences ; 


acuteness  of  observation  was  jomed 
in  him  to  an  artistic  aptitude  and 
to  a   genius  for  finding  new  ways 
and  means  of  analysis  such  as  few 
men    possess.      The    perfection   of 
our  joint  researches  into  uric  acid 
and  the  oil  of  bitter  almonds  has 
been  frequently  praised  ;  this  is  his 
work.    I  cannot  sufficiently  estimate 
the  advantage  which  both  my  own 
and  our  joint  aims  derived  from  my 
union  with  Wohler;   for  in  them 
were  combined  the  peculiarities  of 
two  schools,   and  the   good  which 
each  had,  attained  its  value  through 
co-operation.      Without  grudge  or 
jealousy  we  pursued  our  way  hand 
in  hand  ;  if  one  required  help,  the 
other  was  ready.     An  idea  can  be 
formed    of    this    mutual    relation 
when  I  mention  that  many  of  the 
smaller  productions  which  bear  our 
names  belong  to  one  alone  ;  they 
were  charming  little  presents  which 
one  gave  the  other"  (p.  39). 
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which   there   belongs  to  pure   and    to    applied   science, 
the  continual  contest  which  exists  there  between  meta- 
physical and  exact  reasoning,  and  the  general  ebb  and 
flow  of  rival  currents  of  ideas,  all  seem  to  have  been 
necessary  to  raise  to  the  rank  of  an  exact  science  those 
researches  which  deal  with  the  phenomena  of  life  and 
consciousness  in  their  normal  and  abnormal  forms  of  ex- 
istence.    In  the  hands  of  German  students  ^  chemistry 
and  physics,  botany  and  zoology,  comparative  anatomy  oemS 
and  morphology,  pathology,  psychology,  and  metaphysics, 
have  laboured  from  different  and  unconnected  beginnings 
to  produce  that  central  science  which  attacks  the  great 
problem  of  organic  life,  of  individuation,  and  which  studies 
the  immediate  conditions  of  consciousness.     Physiology^ 
or  to  use  its  more  comprehensive  name,  Biology^  may  be 


21. 
Biology  a 
German 
scienoe. 


^  The    two   greatest   discoveries 
in  physiology  belong   to  England. 
These  are  Harvey's  discovery  of  the 
circulation  of  the  blood  in  the  seven- 
teenth century,  and  Charles  Bell's 
discovery  of  the  difference  of  sensory 
and  motor  nerves  in  the  early  part 
of  this  century.    The  two  men,  how- 
ever, who  have  done  most  to  estab- 
lish physiology  as  an  independent 
science,    whose    systematic    works 
have   done   most  for   the   student 
of  physiology,  are  probably  Haller 
(see  supra,   p.    176),   whose   'Ele- 
menta'    cast   into    the    shade    all 
older     handbooks,    and    Johannes 
Miiller    (1801-.58),   whose   '  Hand- 
buch'    (1833-40)    was    translated 
into  French  and  English.     See  Du 
Bois-Reymond,   '  Reden,'  &c.,  vol. 
ii.  pp.  143,  &c.,  195,  360,  who  also 
points  out  how  in  other  sciences, 
like    mathematics,   physics,   chem- 
istry,   Germans   made   use   almost 
exclusively  of  translations  of  French 
and  English  text-books  and  hand- 
books, whereas  in  physiology  they 

VOL.  I. 


furnished   for   a    long    period   the 
systematic  treatises  for  the  whole 
world  (vol.  ii.  p.  196).     Physiology 
has  therefore  with  some  right  been, 
termed    a    German     science     (see 
Helmholtz,   *Vortrage,'  &c.,  vol.  i 
pp.  339,  362  ;  Du  Bois-Reymond^ 
'Reden,'   vol.   ii.    p.    265).      Com-*^ 
pare     also     what     Huxley     says, 
'  Critiques  and  Addresses,'  pp.  221,, 
303.      On  the  connection  of  phy- 
siology with  all  other  sciences  see 
likewise   Helmholtz,   loc.  cit. ;   Du. 
Bois  -  Reymond,    vol.   ii.    p.    341 ;. 
Huxley,    'Lay    Sermons,'   &c.,   p. 
75;  'Science  and  Culture,'  p.  52:. 
"A  thorough  study  of  human  phy-^ 
siology  is,  in  itself,  an   educationi 
broader  and    more    comprehensive 
than  much  that  passes  under  that 
name.     There  is  no  side  of  the  in- 
tellect which  it  does  not  call  into 
play,   no  region   of  human  know- 
ledge into  which  either  its  roots  or 
its  branches  do  not  extend,"  &c. 

2  The  word  "biology"  seems  to 
have    been    first    used    by    G.    R^ 


^:i. 
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22. 
Cellular 
theory  of 
Schleiden 


said  to  be  a  German  science  as  chemistry  has  been 
named  a  French  science.  I  have  already  referred  to  the 
great  Haller  in  the  last  century,  who  may  be  called  the 
father  of  physiology ;  to  Blumenbach,  the  comparative 
anatomist ;  and  to  Liebig  and  Wohler,  who  first  among 
chemists  succeeded  in  producing  an  organic  compound  by 
the  processes  of  inorganic  chemistry.  I  have  now  to  add 
two  names,  which  together  mark  a  great  revolution  in  our 
ideas  of  the  structure  of  organisms,  and  link  together 
the  two  sciences  which  had  treated  separately  of  the 
animal  and  vegetable  worlds.  About  the  year  1838 
Mathias  Schleiden  ^  propounded  his  cellular  theory  con- 


Treviranus  (1776-1837),  a  learued 
physician  of  Bremen,  who  began  to 
write  his  ^Biologie  oder  Philosophic 
der  lebenden  Natur'  in  1796  and 
to  publish  it  in  1802  (6  vols.,  1802- 
22).      Lamarck  used  the  word  in 
his  '  Hydrogeologie,'  1801.     They, 
as  well  as   Bichat  about  the  same 
time,  independently  "  conceived  the 
notion  of  uniting  the  sciences  which 
deal  with  living   matter  into   one 
whole,   and  of  dealing  with  them 
as  one  discipline"  (Huxley,  on  the 
study  of  Biology,  1876,  in  'Ameri- 
can Addresses,'  p.  136,  &c.)     The 
term,  though  of  German  origm,  has 
not  found  favour  in  that  country, 
and  after  having  been  used  officially 
in  France  and  England,  makes  its 
appearance  in  Germany  only  since 
the   great  works    of    the    modern 
English  school,  headed  by  Darwin, 
have  gained  so  much  influence  in 
Germany.      In   the  meantime  the 
biological  sciences  had  been  exten- 
sively represented  at  the  German 
universities  by  chairs  of  physiology, 
zoology,  botany,  &c.     According  to 
Huxley,  biology  has  been  "substi- 
tuted 'for  the  old  confusing  name 
of  natural  history,"  and  "denotes 
the  whole   of   the  sciences   which 


deal    with  living   things,    whether 
they  be  animals  or  whether  they 
be  plants"   {loc.   cit.,  p.  138).     It 
can  be  divided  into  three  branches 
— (1)  Morphology,  which  comprises 
the  sciences  of  anatomy,  develop- 
ment,  and   classification ;    (2)   the 
science  of  the  distribution  of  living 
beings,  present  and  past ;  and  (3) 
physiology,  which  deals  with    the 
functions    and    actions    of    living 
beings,  and  tries  to   ''deduce  the 
facts  of  morphology  and  of  distribu- 
tion from  the  laws  of  the  molecular 
forces  of  matter"  (Huxley,    'Lay 
Sermons,'   &c.,  p.   83,   1864).     To 
these   three   Huxley  adds  ('Ency. 
Brit.,'  art.   "Biology")  the  infant 
science  of  "aetiology,"  which  "has 
for  its  object  the  ascertainment  of 
the  causes  of  the  facts  of  biology 
and  the  explanation   of  biological 
phenomena,  by  showing  that  they 
constitute  particular  cases  of  general 
physical  laws"  (p.  688). 

^  Mathias  Jacob  Schleiden  (1804- 
81),  for  some  time  Professor  of 
Botany  at  Jena,  was  a  man  of 
peculiar  ability  and  disposition, 
combining  a  philosophical  mind 
with  exact  knowledge  and  a  gen- 
eral literary  taste,  not  frequently 


same  time  Theodor  Schwann  >  extended  this  theory  to  '"'"'""'• 

tTmalT""-     ""  ""^'^  ''  circumstances  combLd 
to  make  the  announcement  of  the  cellular  theory,  which 
wm  always  be  associated  with  those  two  names,  an  epoch 
in  the  history  of  scientiiic.  indeed  of  general,  thought     ^ 
The  historian  of  botany,  Julius  Sax^hs,  describes  the 
pub  ication  of  Schleiden  s  great  work  as  a  buJto    d  J 
W  and  Du  Bois-Eeymond  says :  "  In  order  to  meas  1 
the  niagical  progress  which  it  marks,  one  must  have  wit- 
nessed   he  rise  of  the  cellular  theory,  when  it  sudden^l 
spread  daylight  in  the  darkness  of  the  hidden  struct^  I 


f 


to  be  found  among  men  of  pure 
Bcience  m  Germany.      Opposed  to 
the  idealistic  philosophy  as  a  fol- 
lower of  Fries,  and  on  the  other  side 
to  the  dry  systematisation  of  the 
l^mnaean  school,  he  was  the  man  at 
once  to  broaden  the  scientific  view 
and  to  create  a  popular  interest  in 
the     life  of  the  plant  "-world.    The 
titles  of  his  two  best  known  works 
are  characteristic,  'Die  Botanik  als 
inductive  Wissenschaf t '  (1842-45) 
and  his  short-lived  periodical  (filled 
with  the  labours  of  his  equally  im- 
portant co-editor,  Nageli),    '  Zeit- 
schrift    fiir    wissenschaftliche    Bo- 
tanik.' 

o  ui'^-^i^^"^*^     *^®     friendship     of  I 
bchleiden  and  Schwann   (1810-82 
a   pupil   of    Johannes   Miiller  and 
professor  at    Louvain),   two   inde- 
pendent courses   of    research  and   ' 
scientific  thought  were  brought  to-   I 
gether.    Schleiden  placed  the  "cell" 
--a  term  used  before  him  by  Hooke, 
Malpighi,  Grew,  Wolff,  Brown,  and 
Mirbel— in  the  forefront  of  his  de- 
scription as  the  element  of  form 
and  as  the  origin  of  life,  or— as  we 
now  express  it— as  the  morphologi- 
cal and  embryological  unit,  in  the 
plant.     A  similar  series  of  great 


names,  beginning  with  Bichat  and 
leading  up  to  Johannes  Miiller 
marks  the  studies  of  animal  tissues 
Schwann  struck  with  the  analogy 
of  Schleiden's  nucleated  cells  and 
similar  structures  which  he  h^ 
!   t-^'r^}''    ^^^   notochord,   co^ 

urider''traf''^"^^^^^^«-^« 

tneidea  that  a  common  principle 
o  deve  opment  exists  for  the  mo  t 
different  elemental  parts  of  the 
organism  and  that  the  format^n 
of  cells  is  this  principle."  This^s 
the  beginning  of  Ue  cellular  theory 

!   ^h^^^.  produced  at  once  a  recon-' 
struction  of  the  whole  of  "  general 

i   anatomy"  by  Jacob  HenleTS 
»&;,  and  subsequently  the  "celln 

As  the  latter  has  himself  said,  he 
aims  at  the  establishment  of  a  gen^ 
eral  hiological  principle,  and  thus 

Schwann  is  characterised  as  the 
transition  from  the  "  historical  "to 
Xe^'^'^'''^''^'"^^^^^°i--ted 

dpr  ^if  f '^"m'"'  ^^^^''  'Geschichte 

?8fi0?  ono'^^^  ^^  J^^h.  bis 
I860,  p.  203,  and  in  many  other 
passages.  ^  "I'ucr 
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of  animals  and  plants,  where  the  rays  of  comparative  ana- 
tomy and  embryology  could  not  reach."'    This  bold  gener- 
alisation, which  had  been  prepared  by  a  long  series  of 
botanical  and  morphological  researches  in  and  out  of  Ger- 
many, met  alternately  with  applause  and  criticism ;  it  gave 
rise  to  a  long  controversy,  and  was  the  starting-point  of  a 
whole  line  of  important  discoveries.^     It  secured  for  Ger- 
many a  long  period  of  supremacy  in  physiological  science. 
This  supremacy  was  more  than  maintained  by  a  great 
»,        volume  of  minute  investigations,  which  emanated  from 
^'w^&T  the  schools,  and  centred  in  the  names,  of  E.  H.  Weber* 

seductive  in  an  opposite  direction, 
they  preserved  pure  and  undefiled 
within  themselves  the  German  ideal 
of  Wissenschaft  as  a  pursuit  carried 
on  for  its  own  intrinsic  value,  not 
for  any  immediate  practical  object. 
Their   position,   especially  that  of 
the  two  elder  brothers,  is  in  this 
respect  unique,  and  may  be  studied 
independently  of  the  scientific  ideas 
which  they  represented,  and  which 
will  occupy  us  later  on  as  a  chapter 
in  the  history  of  thought  character- 
istic of  the  German  mind  and  the 
best  type  of  the  university  studies. 
In  three  works  of  classical  value — 
'Die  Wellenlehre   auf   Experimen- 
ten    begriindet'    (E.    H.    and   W. 
Weber),  1825;  'Die  Mechanik  der 
menschlichen   Gehwerkzeuge '   (W. 
and   E.   Weber),   1836;    '  Elektro- 
dyuamische      Maasbestimmungen 
(W.  Weber),  1846  onward—and  in 
a  great  number  of  special  investi- 
gations, the  method  of  exact  mea- 
surement was  applied  to  physical, 
physiological,     and    even     mental 
phenomena,    and    the    foundation 
laid   for  a   mechanical  description 
and  mathematical  calculation.    The 
later  generalisations,  known  as  Wil- 
helm  Weber's  law  of  electro-dyn- 
amics and  E.   H.  Weber's  law  of 
psycho-physics,  have  given  nse  to 


1  Du  Bois-Reymond,  *Reden,'  vol. 

ii.  p.  541,  &c. 

2  "Whatever  cavillers  may  say, 
it  is  certain  that  histology  before 
1838,  and  histology  since  then,  are 
two  different  sciences— in  scope,  m 
purpose,  and  in  dignity— and  the 
eminent  men  to  whom  we  allude 
may  safely  answer  all  detraction  by 
a  proud  Circtimajaicc.  "—Huxley  in 
his  valuable  paper  on  "The  Cell 
Theory"  in  the  '  British  and  Foreign 
Medical  Chirurgical  Review,'  1853, 
vol.  xii.  p.  290. 

3  The  three  brothers  W  eber  ( bmst 
Heinrich,     1795-1878;     Wilhelm, 
1804-91 ;  and  Eduard,  1806-71)  may 
be  looked  upon  as  early  representa- 
tives of  the  best  form  of  German 
research  on  the  lines  now  recognised 
as  the  true  and  fruitful  ones  in  na- 
tural science.    Bom  in  an  age  when 
other  great  and  more  widely  known 
reformers— such  as  Liebig,  Schon- 
lein,  and  Joh.  Miiller— freed  them- 
selves with  difficulty  from  the  pre- 
vailing metaphysical  systems,  they 
seem   to   have  at  once   seized  the 
true  spirit  of  exact  research  with- 
out relinquishing  the  broader  philo- 
sophical and  encyclopaedic  view  of 
the  sciences  which  they  cultivated. 
Living  far  into  an  age  when  the 
utilitarian   spirit    became    equally 
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and  Johannes  Miiller.     The  school  of  the  latter  especially  and  Johan- 

nes  Miiller. 

has  the  merit  of  having  introduced  over  the  whole  field 
of  physiological  phenomena  exact  methods  of  inquiry, 
of  having  established  physiological  laboratories  all  over 
Germany  similar  to  Liebig's  chemical  laboratory  at 
Giessen,  and  of  having  effectually  chased  away  the  vague 
notions  of  the  older  metaphysical  school,  and  diffused  the 
true  scientific  spirit.  It  boasts  of  having  filled  the  chairs 
of  medicine,  physiology,  and  anatomy  at  the  German 
universities  with  a  long  list  of  eminent  teachers  who  have 
spread  this  true  scientific  spirit  in  every  branch  of  the 
medical  sciences/  which  it  has  in  consequence  drawn  into 


long  controversies  and  fruitful 
theories.  Their  joint  labours 
cover  fully  half  a  century.  See 
for  a  sympathetic  picture  of  the 
position  which  the  three  brothers 
Weber  held  in  the  learned  world 
the  biography  of  Fechner  by  Kuntze, 
1892,  p.  243  :  "  They  were  among 
the  first  to  raise  the  study  of  Nature 
among  Germans  to  the  eminence 
occupied  by  the  philosophers  and 
discoveries  of  the  Latin  races." 

^  The  medical  sciences,  represent- 
ed by  the  medical  faculty,  but  also- 
by  those  biological  sciences  which, 
like  botany,  zoology,  anthropology, 
&c.,  belong  to  the  philosophical 
faculty,  now  furnish  the  largest 
number  of  students  to  the  German 
universities.  In  the  beginning  of 
the  century  the  theological  faculty, 
which  then  included  the  greater 
part  of  those  who  prepared  them- 
selves for  higher  teaching,  stood 
at  the  head  as  regards  numbers. 
Under  the  influence  of  the  philo- 
logico- historical  movement,  which 
grew  and  culminated  in  the  course 
of  this  century,  and  the  rising  tide 
of  the  exact  sciences,  the  philoso- 
phical  faculty  for  a  time    gained 


and  maintained  the  upper  hand. 
Biological  —  including  medical  — 
studies  now  command  the  greatest 
attention.  In  his  statistical  report 
(contained  in  Lexis,  '  Die  deutschen 
Universitiiten,*  Beriin,  1893)  Prof. 
Conrad  gives  an  interesting  table 
of  the  changing  numerical  pro- 
portion in  the  different  faculties 
(vol.  i.  p.  125,  &c.)  Prof.  Billroth 
in  his  admirable  treatise,  *  Ueber 
das  Lehren  und  Lernen  der  medi- 
cinischen  Wissenschaften,'  Vienna, 
1876,  deals  with  this  subject  at  all 
the  German  universities,  including 
the  Austrian.  As  Vienna  is  such 
an  important  centre  of  medical 
studies,  the  proportion  of  those 
students  who  cultivate  biological 
studies  would  probably  be  still 
greater  if  we  were  to  include  the 
Austrian  universities.  I  suppose 
the  figure  would  be  about  40  per 
cent  of  the  whole.  To  Billroth's 
treatise  I  may  also  refer  as  con- 
firming in  relation  to  these  more 
modern  branches  what  I  said  above 
of  the  culture  of  Wissenschaft.  See 
p.  279  and  the  whole  section  on  the 
relation  of  the  biological  sciences  to 
the  university,  pp.  411-446.     It  is 
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the  circle  of  the  exact  or  mechanical  sciences.  But  not 
only  in  its  far-reaching  applications  to  medical  know- 
ledge and  practice  has  the  movement  which  centred  in 
Weber  and  Muller  shown  its  strength  and  importance  ;  it 
has  also,  from  the  commencement,  extended  its  influence 
in  another  direction.  To  it  belongs  pre-eminently  the 
cultivation  of  that  borderland  which  connects  the  natural 
and  the  mental  sciences.  Muller  ^  himself  began  his 
career  by  a  study  of  the  mechanism  of  the  perceptions 
of  the  senses.     He  affirmed  the  law  of  srpecijic  energies. 


interesting  to  note  that  Prof.  Bill- 
roth does  not  employ  the  word 
biological,  but  uses  the  untranslat- 
able compound  naturwissenschaft- 
lic/i-medicinisch. 

1  Johannes  Miiller  (1801-58)  has 
been  termed  the  Haller  of  the 
nineteenth  century,  the  Cuvier  of 
Germany.  A  very  good  account 
of  bis  work,  which  forms  an  im- 
portant chapter  in  the  history  of 
German  biology,  is  contained  in  Du 
Bois-Reymond's  '  Gediiehtnissrede 
auf  Joh.  Miiller'  (1858),  reprinted 
with  extensive  notes  in  his  '  Reden,' 
vol.  ii.  pp.  143-334.  Miiller  is  there 
considered  as  the  last  representa- 
tive of  a  dynasty  of  philosophers 
who  embraced  the  whole  domain  of 
"biology,"  which  since  has  become 
divided  into  various  sciences,  not- 
ably the  morphological  and  the 
physiological  branches.  He  thus 
stands  out  as  the  master  of  some 
of  the  greatest  modern  represent- 
atives of  natural  and  medical  sci- 
ence, such  as  Schwann  and  Henle 
in  anatomy,  Briicke,  Du  Bois-Rey- 
mond,  and  Helmholtz  in  physiology, 
Virchow  in  pathological  anatomy. 
He  together  with  Lucas  Schonlein 
(1793-1864)  may  be  considered  as 
the  founder  of  the  modern  Berlin 
school  of  medicine,  contemporane- 
ous   with    which    is    the    modem 


Austrian  school,  with  the  names  of 
Purkinje,  Skoda,  Oppolzer,  and 
Rokitansky.  An  excellent  charac- 
terisation of  the  different  positions 
and  influences,  of  the  cross-currents 
of  thought,  of  the  original  homes 
and  of  the  wanderings  of  the  scien- 
tific spirit  through  the  many  Ger- 
man -  speaking  countries  and  the 
extensive  network  of  German  uni- 
versities, will  be  found  in  Billroth, 
loc.  cit. ,  pp.  307-366.  If  we  imagine 
a  similar  life  as  existing  all  through 
the  century  in  other  domains  of 
thought— in  philosophy,  theologj^ 
philology,  mathematics,  chemistry, 
law,  and  the  science  of  history — we 
get  a  faint  idea  of  the  work  of  the 
German  universities.  In  Lexis, 
'Die  deutschen  Universitiiten,'  an 
attempt  has  been  made  to  give 
such  a  picture.  The  picture,  how- 
ever, suffers  by  the  exclusion  of  the 
Austrian  universities,  and  these — 
notably  in  the  medical  world — hold 
such  a  very  high  position  that  the 
record  of  the  united  work  is  some- 
what incomplete.  The  sciences  are 
also  in  this  record  cut  up  into 
many  branches,  whereas  in  the 
earlier  part  of  the  century  many  of 
these  were  united  and  represented 
by  one  great  name.  Such  a  name 
was  Johannes  Muller  in  biology. 
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which  declares  that  the  differences  of  the  sensations  of 
light  and  colour,  of  sound,  of  touch,  &c.,  do  not  depend 
upon  the  mode  of  irritation,  nor  even  upon  the  different 
structure  of  the  specific  nerves,  but  upon  the  nature  of 
the  central  sense  organ.  In  the  school  of  Muller  the 
phenomena  of  voltaic  electricity,  which  had  been  so  seduc- 
tive and  misleading  to  an  earlier  school  of  physiologists 
not  experienced  in  the  methods  of  exact  research,  were 
again  subjected  to  scientific  investigation,  and  led  to 
the  brilliant  researches  with  which  the  name  of  Du  Bois- 
Eeymond  is  so  intimately  connected.  He  is  as  ready  as 
Helmholtz,  who  in  his  two  great  works  on  physiological 
optics  and  musical  acoustics  has  founded  new  branches 
of  science,^  to  acknowledge  the  leadership  of  Johannes 


1  Helmholtz  (1821-95),  equally 
celebrated  as  physiologist  and  ma- 
thematical philosopher,  was  edu- 
cated under  the  influence  of  Jo- 
hannes Miiller  on  the  one  side,  of 
Jacobi  and  the  Konigsberg  school 
of  mathematicians  (Bessel  and  Neu- 
mann) on  the  other.  If  we  add  to 
this  that  he  also  made  a  profound 
study  of  those  far-reaching  specula- 
tions which  originated  in  the  phil- 
osophy of  Kant,  we  realise  how  rare 
is  the  combination  of  ability  and 
knowledge  which  he  has  brought  to 
bear  on  the  discussion  of  the  most 
advanced  problems  in  physics, 
biology,  and  psychology.  In  the 
sequel  I  shall  have  to  refer  so 
frequently  to  his  writings  that  I 
confine  myself  here  to  giving  the 
date  of  his  principal,  his  epoch-mak- 
ing publications  :  1847.  'Ueberdie 
Erhaltungder Kraft';  1858.  'Ueber 
die  Integrale  der  hydrodynamischen 
Gleichungen,  welche  der  Wirbel- 
bewegung  entsprechen '  —  both  re- 
printed in  '  Wissenschaf tliche  Ab- 
handlungen,'    Leipzig,    1882    and 


1883,  2  vols.  These  two  Memoirs 
may  be  considered  as  corner-stones 
of  two  of  the  most  important  mo- 
dern theories  in  physical  science, 
the  "  conservation  of  energy  "  and 
the  *'  theory  of  vortex  motion."  In 
both,  the  name  of  Helmholtz  is  in- 
timately allied  with  that  of  William 
Thomson  (Lord  Kelvin).  Equally 
important  and  more  comprehensive 
have  been  his  researches  in  the 
physiology  and  psychology  of  sense- 
perceptions  in  his  *  Physiologische 
Optik,'  Leipzig,  1867;  'Lehre  von 
den  Tonempfindungen,'  Braunsch- 
weig, 1863. 

Helmholtz  has  also  contributed 
largely  to  the  discussion  of  two  very 
important  branches  of  modern  spe- 
culation— first,  the  theoretical  views 
on  the  nature  of  electrical  pheno- 
mena expressed  by  the  opposite 
conceptions  of  Wilhelm  Weber  in 
Germany  and  Faraday  in  England  ; 
second,  the  origin  of  geometrical 
axioms,  especially  the  axiom  refer- 
ring to  parallel  lines.  A  great 
interest  in  this  subject  had   been 
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MtiUer.  And  out  of  the  circle  of  which  E.  H.  Weber 
was  the  centre,  has  emanated  that  work  of  Fechner, 
*  Elements  of  Psycho-physics,'  which  marks  an  epoch 
in  psychology :  it  is  indeed  mainly  occupied  with  the  ex- 
position and  application  of  what  is  termed  Weber's  law 
of  sensation.^  In  the  course  of  the  second  quarter  of  the 
century,  the  names  of  Gauss  and  Jacobi  in  mathematics, 
of  Liebig  and  Wohler  in  chemistry,  of  Schleiden  and 
Schwann  in  the  science  of  life,  of  MuUer  and  Weber  in 
physiology,  raised  German  science  to  the  level  previ- 
ously reached  by  the  French  Academicians,  by  Laplace 
and  Lagrange,  by  Lavoisier  and  Berthollet,  by  Cuvier 
and   St-Hilaire,  by  Vicq-d'Azyr   and  Bichat.     During 


created  by  the  posthumous  publi- 
cation of  Riemann's  celebrated  Me- 
moir, 'Ueber  die  Hypothesen  welche 
der  Geometric  zu  Grunde  liegen,' 
Gottingen,  1865.  Helmholtz's  in- 
vention of  the  ophthalmoscope  in 
1851  marks  an  epoch  in  ophthal- 
mology. 

1  Gustav  Theodor  Fechner  (1806- 
87),  professor  at  the  University  of 
Leipsic,  was  an  extraordinary  man. 
The  wide  range  of  his  interests  and 
his  great  personal  influence  are  well 
described  in  his  biography  by  Dr 
Kuntze,  '  G.  T.  Fechner,  Ein 
deutsches  Gelehrtenleben,'  Leipzig, 
1892.  Together  with  Lotze  he  may 
be  said  to  have  brought  about  the 
reform  of  German  speculative  phil- 
osophy, and  in  relation  to  this  he 
will  occupy  our  attention  largely 
in  a  later  portion  of  this  book.  He 
belonged  to  the  circle  of  which  E. 
H.  Weber  was  the  centre,  and  has 
taken  an  important  place  in  the 
history  of  philosophy  and  science 
by  his  now  celebrated  work,  '  Ele- 
mente  der  Psychophysik,'  2  vols., 
Leipzig,  1860  ;  2nd  ed.,  1890.     The 


object  of  this  work  is  to  establish 
**  an  exact  doctrine  of  the  relations 
of  body  and  mind,"  the  principal 
task  being  "to  fix  the  measure  of 
psychical  quantities."  He  says  in 
the  preface  :  "  The  empirical  law 
which  forms  the  principal  founda- 
tion, was  laid  down  long  ago 
by  different  students  in  different 
branches,  and  was  expressed  with 
comparative  generality  mainly  by 
E.  H.  Weber,  whom  I  would 
call  the  father  of  psycho-physics" 
(Preface,  p.  v).  In  early  life 
Fechner  did  much,  by  his  transla- 
tions  of  Biot's  '  Physics '  and  Th^- 
nard's  *  Chemistry,'  as  well  as  by  his 
own  experimental  works,  to  intro- 
duce the  French  scientific  spirit  into 
German  research.  His  psycho-phy- 
sical labours  have  been  continued 
by  Prof.  Wundt ;  his  importance 
as  marking  a  turning  -  point  in 
German  philosophy  is  brought  out 
in  Paulsen's  '  Einleitung  in  die 
Philosophic,'  Berlin,  1890.  See 
especially  Preface,  p.  viii,  and  p. 
318,  where  Fechner  is  placed  before 
Lotze. 


the  second  half  of  the  century,  the  influence  of  French 
thought  on  German  science  has  been  less  marked,  partly 
owing  to  the  independent  course  which  the  latter,  since 
the  age  of  Johannes  Miiller,  has  struck  out  for  herself 
in  the  biological  sciences,  partly  through  the  more  inti- 
mate intercourse  which  has  set  in  between  English  and 
German  thought.  The  three  great  scientific  ideas  which 
the  second  half  of  the  century  has  been  establishing — the 
law  of  the  conservation  of  energy,  Darwin's  theory  of 
descent,  and  Faraday's  novel  conception  of  electrical 
phenomena — have  been  elaborated  mainly  by  the  co- 
operation of  English  and  German  research,  though  it 
must  be  admitted  that  at  least  one  of  these  developments 
dates  back  to  the  beginnings  laid  by  French  science,^ 
whilst  the  views  of  Faraday  are  subversive  of  some  of 
the  fundamental  notions  to  which  the  works  of  the  great 
French  mathematicians  had  given  very  general  currency. 
Before  we  can  enter  more  fully  on  a  review  of  these  more 
modern  ideas,  I  must,  however,  give  a  picture  of -the  state 
of  scientific  thought  in  England  during  the  first  half  of 
the  century.  This  will  be  our  subject  in  the  last  portion 
of  the  present  section. 


^  Darwin's  theory  of  descent  has 
its  forerunners  in  Lamarck  and  St- 
Hilaire,  whose  merits  in  this  re- 
spect are  supposed  to  have  been 
overlooked  owing  to  the  overwhelm- 
ing authority  of  Cuvier.  See  Hux- 
ley, "Origin  of  Species"  in  *  Lay 
Sermons,M891,  p.  252;  "Evolu- 
tion in  Biology"  in  'Science  and 
Culture,'  1888,  pp.  296,  313.  But 
whilst  it  is  true  that  Lamarck  and 
St-Hilaire  entertained  doubts  as  to 
the  fixity  of  species,  the  explana- 
tion of  the  particular  manner  in 
which  the  change  of  species  takes 


place  is  entirely  due  to  Darwin, 
and  without  this  further  step 
speculations  as  to  the  origin  of 
species  would  have  remained  for  a 
long  time  in  the  vague.  Lamarck's 
speculations  were  of  no  real  use  to 
Darwin,  and  had  besides  been  anti- 
cipated by  Erasmus  Darwin.  On 
the  other  hand,  the  researches  of 
Sadi  Carnot  were  of  great  value  in 
the  hands  of  Joule,  Thomson,  and 
Helmholtz,  who  may  be  regarded 
as  the  founders  of  the  doctrine  of 
the  conservation  of  energy. 
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^  25.  But  it  is  my  object  at  present  not  so  much  to  dwell 

Spmt  of  ex-  «         u  jT 

Md'wr^n-  ^P^°  specific  ideas  or  doctrines  as  on  the  growth,  the 
ichaft,  diffusion,  and  the  general  character  of  scientific  thought, 
as  this  has  been  established  by  the  separate  contributions 
of  the  three  nations  in  the  course  of  the  first  half  of  our 
century.  I  therefore  cannot  leave  the  subject  of  German 
science  without  still  more  precisely  noting  the  peculiar 
character  which  scientific  thought  has  assumed  under 
the  influence  of  the  German  university  system.  As 
we  saw  before,  when  the  spirit  of  exact  research,  mainly 
through  the  influence  of  the  great  French  mathema- 
ticians and  physicists,  became  diffused  in  Germany, 
and  entered  the  pale  of  the  German  universities,  it  was 
met  there  by  that  peculiar  ideal  of  learning  which  the 
German  language  terms  Wissenschaft.  This  encounter 
did  not  everywhere  produce  a  favourable  reception  for 
the  new  school ;  but  in  the  end  it  led,  like  every  con- 
troversy, to  a  firmer  establishment  of  the  true  princi- 
ples of  research.  The  life  of  the  German  universities 
had  in  the  earlier  centuries  begun  with  classical  studies ; 
it  had  been  reformed  under  the  influence  of  the  theo- 
logical and  juridical  requirements  of  the  Protestant 
Governments;  and  ultimately  it  had  been  entirely  re- 
newed under  the  influence  of  the  classical  and  philo- 
sophical studies  centred  in  the  fourth  or  philosophical 
faculty.  These  classical  and  philosophical  studies  com- 
bined to  create  the  ideal  of  Wissenschaft,  or  science,  in 
the  broadest  sense  of  the  word.  This  ideal  formed  the 
central  conception  in  the  new  scheme  of  a  higher  and 
general  education  of  the  nation ;  it  accompanied  the 
great    revival   in   art,  poetry,  and    literature.      In   the 


'- 


philosophy  of  Kant  and  Fichte,  the  republican  notions 
which    led    the    political    movements    in    America    and 
France  had  been  reduced  to  a  system  and  theoretically 
proved;  the  discipline  of  a  classical  education  was  the 
school  in  w^hich  leaders  and   youths  were  trained  who 
marched  into  the  war  against  the  great  oppressor.     This 
ideal  of  Wissenschaft  had  thus  acquired  a  practical  mean- 
ing, an  ethical — not  to  say  a  religious — significance ;  it 
was  allied  to  the  religious  revival  preached  by  Schleier- 
macher  and  a  section  of  the  Eomantic  school.     Of  its 
value   as   a  principle   for  guiding  research   and    learn- 
ing it  had  given  proof  in  that  great  circle  of   studies 
which,  since  the  time  of  F.  A.  Wolf  and  Wilhelm  von 
Humboldt,  was  comprised  under  the  name  of  Philology. 
Under  its  influence  new  universities  were  being  founded 
and  academies  remodelled. 

Now,  it  is  the  peculiarity  of  all  philosophical  and 
historical  studies  that  they  deal  with  one  great  subject, 
which  cannot  easily  be  divided  into  a  number  of  inde- 
pendent parts  capable  of  separate  treatment ;  since  their 
interest  attaches  mainly  to  the  fact  that  they  explore 
the  workings  and  manifestations  of  the  human  mind  in 
the  past  and  in  the  present.  These  studies  are  there-  • 
fore  forced  to  keep  always  in  the  foreground  the  idea 
of  a  great  unity  of  action  and  purpose,  to  aim  at  com- 
pleteness of  view,  and  to  refer  all  special  researches  to 
general  principles  and  standards.  The  encyclopaedic  view,  26. 
in  fact,  is  forced   upon  all  philosophical  and  historical  pi'dfcview 

.  .  necessary  in 

sciences.     Almost  without  exception  the  great  masters  philosophy 

*•  *-'  and  history. 

and  teachers  who  lived  in  the  beginning  of  this  century 
adhered  to  this  view,  -and  however  great  in  special  and 
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Philosophy 
of  Nature. 


detailed  research,  measured  the  importance  of  their 
results  according  to  the  light  which  they  were  able  to 
throw  upon  the  questions  referring  to  the  whole  subject 
and  its  combined  life  and  unity. 

It  was  also  natural,  seeing  that  this  comprehensive 
or  philosophical  treatment  led  to  such  great  results  in 
the  historical  sciences,  that  an  attempt  should  have  been 
made  to  deal  with  the  phenomena  of  Nature  by  a  similar 
conception.  It  was  not  a  new  or  a  far-fetched  sugges- 
tion to  regard  Nature  as  the  playground  of  a  hidden 
intelligence,  of  an  unconscious  mind,  just  as  history,  lan- 
guage, and  thought  were  viewed  as  the  manifestations 
of  the  conscious  human  mind.  After  this  the  further 
conception  was  not  remote  that  both  the  mind  of  Nature 
and  the  mind  of  Man  are  only  two  different  sides  of  the 
universal  or  absolute  Mind.  The  philosophy  of  Schelling 
was  the  first  attempt  to  put  this  idea  into  an  applicable 
form,  the  system  of  Hegel  the  first  confident  elaboration 
of  it  in  its  various  ramifications  and  applications.  At 
the  time  when  the  mathematical  and  physical  sciences 
were  leading  the  way  in  France,  and  gradually  forcing 
their  way  into  Germany,  most  of  the  universities  in  the 
latter  country  had  one  or  more  representatives  of  that 
new  and  apparently  promising  school  which  termed  itself 
the  "Philosophy  of  Nature."  The  trammels  of  this  school 
had  to  be  shaken  off  by  those  who,  as  they  became 
gradually  convinced  of  its  barrenness  in  actual  results, 
took  up  the  cause  of  the  exact  or  mathematical  sciences 
now  that  they  had  been  cultivated  by  many  isolated 
labourers  in  Germany  and  in  England,  and   had   been 


for  the  first  time  connected  into  a  great  organisation  by 
the  French  Academy  of  Sciences. 

The  opposition  in  which  the  new  school  of  exact  and       28. 
detailed  research  stood  to  the  representatives  of  the  broad  tween^the " 
philosophical  view  gave  rise  to  a  great  many  currents  ^l^^^^^^  ^^ 
of  thought ;  for  neither  the  former  nor  the  latter  pre-  ""^^  '''^'''• 
sented  a  united  front.     Among  those  who  advocated  the 
exact   methods   of  research   there  was  a  section  which 
clung  more  exclusively  to  the  empirical  side,  and  culti- 
vated the  descriptive  and  experimental  sciences ;  whereas 
others,  whom  we  may  call  the  French  school  of  science, 
developed  the  mathematical  methods,  not  without  a  cer- 
tain  ill- disguised   contempt  for  pure   empiricism.^     On 
the  side  of  classical  and  philosophical  studies  there  was 
a  section  which  cultivated  the  historical  ^  in  contradis- 


^  On  the  relations  of  mathemati- 
cal and  experimental  physics,  and 
the  diflferent  opinions  which  existed 
during  the  first  half  of  the  century, 
see  Helmholtz's  popular  addresses 
in  many  places,  but  especially  the 
discourse  on  Gustav  Magnus  (1802- 
70),  who  may  be  regarded  as  a 
representative  of  the  experimental 
school  in  Germany.  In  the  opin- 
ion of  this  school,  which  cultivated 
the  borderland  of  physics  and  chem- 
istry, of  organic  and  inorganic  phe- 
nomena, or  investigated  the  less 
known  phenomena  of  frictional  elec- 
tricity (Riess)  or  the  complicated 
phenomena  of  meteorology  (Dove), 
a  danger  existed  that  mathematical 
theories  and  elaborate  calculations 
might  lead  to  an  estrangement  from 
nature  and  observation,  similar  to 
that  which  speculative  philosophy 
had  created  before.  Helmholtz  him- 
self was  met  by  this  sentiment  when 
he    published    his    great    memoir, 


'Ueber  die  Erhaltung  der  Kraft,' 
in  1847 ;  Poggendorf's  physical 
periodical  would  not  receive  it, 
and  Jacobi,  the  mathematician, 
was  the  only  one  who  showed  any 
interest  in  it.  See  Helmholtz, 
*  Wissenschaftliche  Abhandlungen,' 
vol.  i.  p.  73;  'Reden,'  vol.  ii.  p. 
46. 

2  As  the  philosophy  of  ScheUing 
promoted  a  study  of  nature,  and  in 
doing  so  prepared  its  own  downfall, 
so  the  philosophy  of  Hegel  led  to  a 
study  of  history,  and  thus  to  the 
proof  of  the  insufficiency  of  its  own 
generalisations.  Many  valuable  be- 
ginnings of  historical  research  eman- 
ated also  from  the  Romantic  school 
of  literature.  In  all  these  instances 
philosophical  interests  led  beyond 
the  abstract  logical  and  metaphysical 
treatment  into  the  broad  and  fertile 
plains  of  actual  life,  be  it  that  of 
nature  or  of  art  or  of  history.  But 
the   true  methods   of   research   in 
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Alexander 
von  Hum- 
boldt. 


tinction  to  the  philosophical  view,  and  another  which 
elaborated  what  it  termed  exclusively  the  critical  meth- 
ods/ not  without  a  certain  suspicion  regarding  those  who 
showed  a  desire  to  roam  into  outlying  fields  which  did 
not  permit  of  equally  strict  discipline  and  treatment.  So 
far  as  this  refers  to  the  purely  historical  sciences,  I 
shall  revert  to  the  subject  when  I  come  to  treat  of  the 
principles  which  underlie  and  guide  this  line  of  studies. 
At  present  I  am  concerned  with  the  growth  and  dif- 
fusion of  the  exact  scientific  spirit  and  its  methods. 

No  one  did  more  to  spread  the  ideas  and  methods  of 
French  science  in  Germany  than  Alexander  von  Hum- 
boldt.    He  himself  had  done  original  scientific  work"  be- 


these  extensive  fields  were  after- 
wards found  not  so  much  in  philo- 
sophical canons  as  in  a  love  of  detail 
and  observation,  and  in  the  exercise 
of  an  unbiassed  criticism  of  facts 
and  records.  For  the  relations  of 
philosophy  to  history  in  respect  of 
this,  see  Wegele,  '  Geschichte  der 
deutschen  Historiograph ie,'  Miin- 
chen,  1885,  5th  book,  p.  975,  &c. 
Equally  important  are — Gervinus, 
'  Grundziige  der  Historik,'  Leipzig, 
1837  ;  the  '  Nekrolog  auf  Schlosser,' 
Leipzig,  1862,  including  the  whole 
literature  which  it  provoked  ;  and 
O.  Lorenz,  'Die  Geschichtswissen- 
schaft,'  Berlin,  1886,  especially  the 
first  chapter. 

^  On  the  Critical  school  of  phil- 
ology, and  the  wider  and  narrower 
sense  in  which  the  aims  and  meth- 
ods of  the  science  of  antiquity  were 
defined,  see  Bursiau, '  Geschichte  der 
classischen  Philologie  in  Deutsch- 
land,'  Miinchen  und  Leipzig,  1883, 
p.  665,  &c. ;  also  O.  Ribbeck, '  Fried- 
rich  Ritschl,'  Leipzig,  1879  and 
1880.  Further,  the  essays  on  Bockh, 
K.  0.  Miiller,  and  Georg  Curtius  in 
the  third  volume  of  Ernst  Curtius, 


'  Alterthum  und  Gegenwart,'  Berlin, 
1889  ;  and,  finally,  the  chapter  on 
"Klassische  Philologie"  by  Wila- 
mowitz-MoUendorf  in  Lexis,  *  Die 
deutschen  Universitaten, '  vol.  i.  p. 
457,  &c. 

^  Alexander  von  Humboldt  (1769- 
1859)  published  in  179  7,  shortly  after 
Galvani's  great  discovery,  his  '  Ver- 
suche  liber  die  gereizte  Muskel-  und 
Nervenfaser.'  In  the  history  of  sci- 
ence his  name  will  live  as  that  of 
the  man  who  organised  that  "  scien- 
tific conspiracy  of  nations  "  which  is 
peculiar  to  our  century,  and  with- 
out which  the  study  of  geography, 
meteorology,  astronomy,  the  phe- 
nomena of  tides  and  magnetic  dis- 
turbances— called  by  him  magnetic 
storms  —  could  not  effectually  be 
carried  on.  The  fact  also  that  on 
his  return  from  his  great  travels  he 
became  next  to  Napoleon  Bona- 
parte the  most  famous  man  in 
Europe,  did  more  than  anything 
else  to  raise  the  natural  sciences  in 
the  popular  mind  to  thatf  eminence 
which  earlier  belonged  to  polite 
literature. 
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fore  he  left  Germany  for  the  extensive  travels  by  which 
he  became  celebrated,  and  through  which  he  founded  a 
new  science — the  science  that  deals  with  the  geographical 
distribution  of  plant  life.  Moreover,  his  absence  from  his 
native  country  fell  within  that  period  during  which  the 
philosophical  school,  headed  by  Schelling  and  Hegel,  at- 
tained to  its  greatest  power.  He  was  never  drawn  into  its 
vortex;  on  the  contrary,  he  maintained  a  lifelong  protest 
against  the  spirit  of  its  doctrine  at  a  time  when  the  circle 
which  surrounded  him  at  Berlin  came  under  its  powerful 
influence.^  He  led  a  long  line  of  ardent  young  workers 
both  to  the  right  sources  of  scientific  knowledge  and 
to  an  ultimate  victory  over  the  opposed  school  of 
thought.  Though  not  a  profound  mathematician  him- 
self, he  appreciated  the  part  which  mathematics  were 
destined  to  play  in  science.  Among  other  things,  he 
protected  and  encouraged  younger  mathematical  talents, 
and  tried  to  draw  Gauss  from  the  solitary  heights  which 
he  inhabited  into  the  midst  of  the  scientific  circles  of 
the   day.^      Then   there  was  the  great  influence  which 


1  Cf.  p.  178,  note  1.  It  has  latterly 
become  the  fashion  to  say  so  much 
against  the  mistaken  methods  of  the 
Naturphilosophie  that  it  is  well  to 
remember  how  many  men  of  fore- 
most rank  in  the  natural  sciences 
belonged  at  one  time  to  this  school 
or  were  influenced  by  it.  Foremost 
of  all  stands  Oken  (1779-1851),  the 
founder  of  the  German  Association 
of  Science,  and  editor  of  the  peri- 
odical '  Isis.'  Further,  the  compara- 
tive anatomist  Cams  (1789-1869) ; 
Oersted  (1777-1851),  the  discoverer 
of  electro-magnetism ;  Kielmeyer, 
the  friend  of  Cuvier  (1765-1844) ; 
Ignaz  Dollinger  (1770-1841),  one  of 


the  earliest  evolutionists ;  D.  G. 
Kieser  (1779-1862),  a  medical 
teacher  of  great  influence.  More 
or  less  influenced  by  the  teachings 
of  this  school  were  Goethe  (1749- 
1832) ;  Karl  Ernst  von  Baer  (1792- 
1876),  whose  impartial  opinion  on 
the  Naturphilosophie  as  early  as 
1821  is  important.  Further,  Lie- 
big  (1803-73);  Johannes  Miiller 
(1801-58) ;  Roschlaub  (1768-1835) ; 
Schonlein  (1793-1864),  the  founder 
of  what  is  called  the  "natural- 
history"  school  of  medicine. 

^  See  A.  von  Humboldt's  Life  by 
Bruhns,  translated  by  Lassell,  1873, 
vol.  ii.  p.  145  sqq. 
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Influence  of 
Berzelius 
on  German 
science. 


Berzelius  exerted  on  German  science  through  his  teach- 
ing and  his  writings.  From  him  emanated  that  great 
perfection  of  the  purely  experimental  methods  which 
in  his  own  hands,  as  well  as  in  those  of  Wohler,  Mit- 
scherlich,  Magnus,  and  others,  led  to  an  accumulation 
of  detailed  knowledge  in  chemistry  of  unforeseen  im- 
portance and  magnitude.  His  own  annual  reports,  as 
well  as  Gmelin's  celebrated  handbook  of  chemistry,  are 
monuments  of  this  unparalleled  industry. 

Others,  like  Liebig,  Johannes  Mliller,  Lucas  Schonlein, 
freed  themselves  under  the  influence  of  French  science,^ 
or  by  their  own  deeper  insight,  from  the  sway  of  the 
false  and  misleading  philosophy  to  which  they  had  at 
one  time  listened.  A  third  section  started  from  philo- 
sophical premisses,  but  from  premisses  opposed  to  the 
doctrines  of  Schelling  and  Hegel. 

The  school  of  Fries,^  in  which  Schleiden  was  the  most 


^  English  science  had  an  import- 
ant but  less  marked  influence  on 
the  development  of  naturalistic  and 
medical  studies  in  Germany.  So 
far  as  the  latter  especially  are  con- 
cerned, see  Billroth,  '  Ueber  das 
Lehren  und  Lernen  der  medici- 
nischen  W'issenschaften  an  den 
Universitiiten  der  deutschen  Na- 
tion,' Wien,  1876,  p.  33.  He 
roughly  divides  the  medical  schools 
of  Germany  into  two  groups,  both 
descending  from  Boerhaave :  the 
one,  the  modern  Berlin  school  of 
Mliller,  Schonlein,  Romberg,  and 
Virchow,  through  Haller,  Reil, 
Hufeland,  and  Roschlaub ;  the 
other,  the  modem  Vienna  school 
of  Oppolzer,  Rokitansky,  and  Bill- 
roth, through  Gerhard  von  Swiet- 
en,  De  Haen,  Stoll,  Frank,  Pur- 
kin  je,  and  Skoda.  Of  French 
names   which   had  great  influence 


he  gives  Broussais,  Corvisart,  Bayle, 
Cruveilhier,  and  Laennec  ;  of  Eng- 
lish, John  Hunter,  Matthew  Bailie, 
and  Astley  Cooper.  He  gives  also 
the  name  of  Immanuel  Kant  as 
an  important  influence  in  the  de- 
velopment of  the  German  schools  of 
medicine. 

2  Jacob  Fries  (1773-1843)  pro- 
fessor at  Heidelberg  and  Jena,  led 
the  critical  philosophy  of  Kant  into 
the  channels  of  psychology  and  an- 
thropology. During  the  heyday  of 
transcendental  philosophy,  the  phil- 
osophy of  Fries,  like  that  of  the 
Scotch  school,  was  regarded  with 
contempt  by  Hegel,  and  even  by 
Herbart,  the  opponent  of  Hegel.  It 
succeeded,  however,  in  the  end  in 
influencing  a  considerable  number 
of  philosophical  minds,  who  carried 
philosophical  thought  into  the  in- 
ductive sciences.      Besides  the  psy- 


A-. 


illustrious  name,  carried  on  within  the  pale  of  the 
philosophical  school  of  science  itself  a  successful  opposi- 
tion to  the  philosophy  of  Nature.^  But  whilst  much  good 
and  sound  work  was  done  by  many  who  were  content 
to  remain  outside  of  the  favoured  studies  which  set  the 
tone  of  university  culture  during  the  classical  and  philo- 
sophical period  of  German  thought,  the  great  attack 
upon  the  mistaken  canons  of  the  philosophy  of  Nature 
came  from  that  science  which  had  probably  suffered 
more  than  any  other  under  the  baneful  influence  of 
hollow  theories  and  empty  phraseology. 
^  Helmholtz  describes  the  despair  which  had  taken  hold 
of  thinking  minds  in  the  medical  profession  ^  :  "  My  edu- 
cation fell  within  a  period  of  the  development  of  medi- 
cine when  among  thinking  and  conscientious  minds  there 
reigned  perfect  despair.  It  was  not  difficult  to  under- 
stand that  the  older  and  mostly  theorising  methods  of 
treating  medical  subjects  had  become  absolutely  useless. 
But  with  the  theories  the  facts  which  underlay  them 
were  so  indissolubly  entangled  that  these  4 wo  were  mostly 
cast  overboard.  How  the  science  must  be  newly  built  up 
the  example  of  the  other  natural  sciences  had  made  clear, 
but  yet  the  new  task  stood  of  giant-height  before  us.  A 
beginning  was  hardly  made,  and  the  first  beginnings  were 
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chologist  Beneke  and  the  theologian 
De  Wette,  these  were  principally 
members  of  the  Jena  school,  Apelt, 
Schlomilch,  and  others,  who  edited 
'  Abhandlungen  der  Fries'schen 
Schule,'  Jena,  1847  ;  and  foremost 
among  them  Schleiden,  the  reformer 
of  botany  in  Germany.  Schleiden's 
great  work  appeared  with  the  title 
'  Botanik  als  inductive  Wissenschaf  t. ' 
It  opened  with  a  philosophical  in- 

VOL.  I. 


troduction  of  131  pages,  in  which 
inductive  reasoning  is  recommended 
in  opposition  at  once  to  the  trans- 
cendental NcUurphUosophiet  and  to 
dry  empiricism.  See  Sachs,  *Ges- 
chichte  der  Botanik,'  p.  203,  &c. 

1  See  Schleiden,  '  Schelling's  und 
Hegel's  Verhaltniss  zur  Naturwis- 
senschaft,'  Leipzig,  1844. 

2  See  Helmholtz,  'Vortrage  und 
Reden,'  vol.  L  p.  361. 
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often  very  crude.  We  cannot  wonder  if  many  honest, 
serious,  thinking  men  then  turned  away  in  dissatisfaction 
from  medicine,  or  if  they  from  principle  embraced  an 
extreme  empiricism."  ^  "  But  the  right  kind  of  work 
brought  forth  its  fruits  much  sooner  than  many  had 
hoped.  The  introduction  of  mechanical  notions  into  the 
theories  of  circulation  and  respiration,  a  better  insight 
into  the  phenomena  of  heat,  the  more  minutely  elabor- 
ated  physiology  of  the  nerves,  speedily  produced  practical 
results  of  the  greatest  importance ;  the  microscopical  ex- 
amination of  parasitic  tissues,  the  stupendous  development 
of  pathological  anatomy,  led  irresistibly  from  nebulous 
theories  to  real  facts."  And  again ^i  "Whilst  in  the 
investigation  of  inorganic  nature  the  different  nations  of 
Europe  progressed  pretty  evenly,  the  recent  development 
of  physiology  and  medicine  belongs  pre-eminently  to 
Germany.     The  questions  regarding  the  principle  of  life 


1  Cf.  Helmholtz,  ibid.,  vol.  ii. 
p.  178,  in  his  discourse  **Ueber  das 
Denken  in  der  Medicin  "  :  *  *  At  that 
time  there  were  many  among  the 
younger  doctors  who,  in  despair 
about  their  science,  gave  up  all 
therapeutics,  and  took  to  empiri- 
cism, such  as  was  then  taught  by 
Rademacher.  This  on  principle 
regarded  as  vain  all  hope  of  scien- 
tific insight."  Not  only  the  ex- 
treme empiricism  of  Rademacher 
(1772-1850),  but  still  more  the  wild 
theories  of  Hahnemann  (1755-1843) 
found  during  this  age  of  general 
unsettlement  many  followers.  See 
on  the  origin,  the  principles,  and 
the  spread  of  homoeopathy,  Haser, 
*  Geschichte  der  Medicin,'  vol.  ii.  p. 
793,  &c.  Haser  gives  the  year  1816 
as  the  date  at  which  Hahnemann's 
doctrines  began  to  be  accepted  in 
wider  circles.      "It   must   not  be 


forgotten  that  the  heyday  of  ho- 
moeopathy fell  in  that  age  when 
medicine,  especially  in  Germany, 
was  in  a  very  deficient  state,  so 
that  the  accusations  raised  by 
Hahnemann  and  his  adherents  did 
not  appear  quite  unfounded.  It  is 
even  to  be  admitted  that  homoeo- 
pathy has  contributed  to  the  re- 
action through  which  in  our  times 
the  regeneration  of  the  art  of  heal- 
ing has  been  brought  about,  though 
this  would  have  taken  place  with- 
out Hahnemann"  (p.  803).  Homoeo- 
pathy has  no  scientific  represen- 
tative at  any  of  the  German 
universities,  and  yet  it  is  admitted 
that  it  "still  enjoys  a  great  repu- 
tation in  some  influential  circles 
among  the  general  public"  (Hirsch, 
'  Gesch.  d.  medicinischen  Wissen- 
schaften,'  p.  570). 

2  Helmholtz,  loc.  cit.,  vol.  i.  p.  362. 
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are  closely  allied  to  psychological  and  ethical  questions. 
To  start  with,  here  also  that  untiring  industry  is  required 
which  applies  itself  to  pure  science  for  purely  ideal  pur- 
poses, without  immediate  prospects  of  practical  usefulness. 
And  indeed  we  may  glory  in  the  fact  that  in  this  German 
scholars  have  always  distinguished  themselves  by  their 
enthusiastic  and  self -renouncing  diligence,  which  labours 
for  inner  satisfaction  and  not  for  outer  success." 

This  habit  of  self-renouncing  labour,  of  singleness  of       32. 

^  -i.^i-ii,.  .  ,.  Science  for 

purpose — m  snort,  the  ideal  of  pure  science  and  its  pur-  its  own  sake, 
suit — had  been  elaborated  in  many  a  secluded  workshop 
of  a  retired  German  university  mainly  under  the  influence 
of  the  classical  and  philosophical  studies  of  the  end  of 
the  last  and  the  beginning  of  the  present  century.  It  was 
held  up  high  and  conspicuous  by  the  priests  of  humanity, 
beginning  with  Lessing,  Herder,  and  Kant,  and  ending  in 
Schleiermacher,  Hermann,  and  Bockh,  at  the  head  of  a 
great  army  of  devoted  followers,  travelling  through  the 
wilderness  of  national  depression,  barbarism,  and  despair 
into  the  promised  land  of  freedom,  culture,  and  hope. 
Such  an  ideal  is  of  priceless  worth,  and  it  is  this  ideal 
which  the  philosophical  and  classical  school  of  thought 
bequeathed  during  the  first  half  of  the  century  to  that 
new  school  of  thinkers  which  was  destined  to  study,  in 
an  equally  patient  and  unselfish  spirit,  the  seemingly  less 
elevated,  but  not  less  mysterious  and  fascinating,  prob- 
lems of  Nature.  Truly  Gauss,  Weber,  and  Johannes 
Mliller  worthily  headed  the  new  army  of  labourers. 

But  though  the  elevated  spirit  in  which  scientific  work  ^  ^^3^  ^^ 
is  carried  on  may  be  the  most  valuable  bequest  of  the  ^^^S^ 
classical   and   philosophical  to  the  exact  and  empirical  Ic&T^ 
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school,  there  were  certain  more  tangible  characteristics 
of  German  research,  which  were  carried  over  from  the 
older  to  the  modern  type  of  thought.  It  will  be  useful 
to  define  these  more  clearly. 

In  the  course  of   the  second  half  of  the  eighteenth 
century  German  literature  and  German  philosophy  had 
started  from  the  beginnings  laid  by  other  nations,  and 
after  mastering  and   appropriating   their    achievements, 
had  set  out  for  a  new  course  and  a  higher  flight.     Milton 
and  Shakespeare '  in  epic  and  dramatic  poetry ;  Ossian, 
the  Percy  Ballads,  and  Burns  in  song  and  lyric ;  Gibbon 
in  history ;  Joseph  Scaliger  and  Bentley  in  philology ; 
Locke,  Hume,  and  Spinoza  in  philosophy ;  Eousseau  m 
ppose,— all  these  great  names  of  a  later  or  earlier  past 
had   become  familiar  watchwords   to  German  poets   or 
students— to  Lessmg,  Herder,  and  Goethe,  to  Schlegel, 
F  A.  Wolf,  and  Wilhelm  von  Humboldt,  to  Bockh,  Her- 
mann, and  Niebuhr,  to  Kant,  Fichte,  and  Jacobi,  before 
they  came  forward  with  their  own  creations.     The  same 
cosmopolitan  spirit  of  looking  elsewhere  and  everywhere 
for  beginnings,  and  for  co-operation  in  the  united  work 
of  learning ;  the  same  historical  taste,  the  same  desire  to 
glean  from  all  quarters,— characterised  the  early  decades 
of  the  revival   of  German   science.     Hence   the  many 
periodicals  and  annual  reports ;  hence  the  fact  that  the 

German  readers  only  through 
Goethe  and  Schlegel.  Similarly 
the  reaction  against  the  school  of 
Leibniz  and  Wolff  in  philosophy 
began  with  Kant's  reply  to  Hume's  ' 
sceptical  philosophy,  whereas  the 
study  of  Spinoza  influenced  Kant  s 
followers  and  opponents,  Jacobi, 
Fichte,  and  Schelling. 


1  These  names  are  not  given  as 
they  follow  in  time,  but  as  they 
followed  in  their  influence  on  Ger- 
man thought  and  literature.  Thus 
the  early  representatives  of  the 
German  revival  were  influenced  by 
Milton  and  Pope  more  than  by  the 
greater  Shakespeare :  epic  and  di- 
dactic  preceded  dramatic  poetry  : 
Shakespeare  was  made  familiar  to 
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nation  which   requires   them  least  ^  possesses  the  most  ^^^34.^^ 
and  the  best  translations  of  foreign  authors.     But  the  S'o'ro^^h- 
quality  of  greatest  value  for  science  which  springs  from  search! '^' 
the  cosmopolitan  and  historical  spirit  is  that  of  complete- 
ness and  thoroughness  of  research. 

Secondly,  the  German  man  of  science  was  not  only 
thorough,  but  was  as  little  as  the  German  philosopher 
or  classicist  had  been,  an  isolated  thinker.  He  was 
neither  the  member  of  an  academy  only,  nor  a  solitary 
genius  reduced  to  the  resources  of  his  own  study.  He 
lived  mostly  at  a  university,  surrounded  by  others,  whose 
labours  came  in  contact  with  his  own,  or  who  treated  the 
same  subject  from  a  different  point  of  view.  He  had  thus 
to  define  the  limits  of  his  science,  and  to  see  that  no  part 
of  the  common  field  was  left  uncultivated  and  unexplored. 
His  object  could  not  be  to  produce  simply  a  work  of  indi- 
vidual greatness  or  of  finished  artistic  merit;  his  work 
was  an  integral  portion  of  the  one  great  science;    his 


^  This  must  not  be  misunder- 
stood. A  knowledge  of  the  master- 
pieces of  foreign  literature  was  as 
necessary  to  the  development  of 
the  German  mind  as  it  is  to  that 
of  any  other  nation  ;  it  was  and 
is  more  complete  there  than  in  any 
other  country  :  what  I  mean  is, 
that  as  a  knowledge  of  French  and 
English  has  been  for  a  long  time 
so  common  among  the  educated 
classes  in  Germany,  translations  are 
more  easily  dispensed  with  there 
than  in  other  countries.  In  spite 
of  that,  German  literature  abounds 
in  excellent  translations  of  the 
classics  of  France  and  England 
both  in  general  literature  and  in 
science.  It  is  also  interesting  to 
note  that  no  modern  language 
has  succeeded  so  well  in  imitating 
foreign  and  classical  ms^tiyoti  as  .the 


German,  hexameters  having  become 
domiciled  in  Germany  through  Voss 
and  Goethe,  the  Alcaic  and  Sapphic 
metres  through  Klopstock  and  Her- 
der, the  more  complicated  stanzas 
through  Platen,  and  above  all 
through  Donner's  excellent  ren- 
derings of  the  Greek  dramatists. 
Riickert  excelled  in  the  imitation 
and  reproduction  of  Persian,  Indian, 
and  Arabic  poetry,  and  through  him 
and  Friedrich  Bodenstedt  German 
literature  has  been  enriched  by 
many  lines  of  which  it  would  be 
difficult  to  say  whether  their  home 
was  in  Germany  or  in  the  far  East, 
so  perfectly  is  the  spirit  and  dic- 
tion reproduced.  The  well-known 
'  Weisheit  des  Brahmanen '  of 
Riickert,  and  Bodenstedt's  'Mirza 
Schaffy '  are  examples. 
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labours  had  to  fit  in  with  the  general  plan,  to  find  a 
place  in  the  one  great  edifice. 

Thirdly,  the  German  man  of  science  was  a  teacher ;  he 
had  to  communicate  his  ideas  to  younger  minds,  to  make 
the  principles  and  methods  of  research  clear,  to  guarantee, 
in  his  course  of  lectures,  something  like  completeness, 
to  give  a  comprehensive  survey ;  not  to  teach  "  une 
science  faite,"  but  to  draw  out  original  talent  in  others, 
to  encourage  co-operation  in  research,  to  portion  out  the 
common  work  to  the  talents  which  surrounded  him,  or  it 
might  be  to  direct  the  flight  of  the  aspiring  genius.^ 


*  Here  the  two  main  objects  of 
academic  teaching  are  to  impart 
a  knowledge  of  the  right  method 
in  the  special  science,  and  to  give 
a  survey  of  the  whole  domain 
of  the  science.  The  two  principal 
institutions  by  wliich  these  ob- 
jects are  attained  were  first  set 
going  in  the  classical  branches  of 
study,  and  may  be  defined  by  two 
terms — the  "  seminary  "  and  the 
lecture  on  "encyclopaedia."  Both 
terms  are  taken  from  earlier  insti- 
tutions. The  seminary  was  origin- 
ally a  training  -  school  for  priests 
or  teachers.  Under  such  masters 
of  methodical  research  as  F.  A. 
Wolf  and  Gottfried  Hermann,  the 
institution  acquired  a  different 
character.  "The  seminaries  are 
the  real  nurseries  of  scientific 
research.  They  were  founded,  in- 
deed, with  a  different  object ;  the 
first  seminaries,  the  philological 
seminaries,  which  were  started 
during  the  last  century  at  Halle 
and  Gottingen,  were  or  should  have 
been  pedagogic  seminaries  for  the 
future  masters  in  the  learned 
schools.  In  reality  they  were  — 
especially  that  of  F.  A.  Wolf — 
in  the  first  place  institutions  in 
which  the  art  of  philological  re- 
search was  taught.      This  is  even 


more  the  case  in  the  philological 
seminaries  and  societies  which 
during  the  nineteenth  century 
have  been  conducted  by  G.  Her- 
mann, Fr.  Thiersch,  Fr.  Ritschl,  and 
others :  they  were  nurseries  of 
philologists,  not  of  teachers.  And 
the  same  may  be  said  of  the  num- 
erous seminaries  which  in  modem 
times  have  grown  up  in  the  other 
sciences  within  the  philosophical 
faculty,  and  also  in  the  faculties 
of  theology  and  law  :  they  set  up 
as  their  aim — with  few  exceptions 
— the  training  for  scientific  work 
and  research,  not  the  utilisation  of 
kaowledge  for  a  practical  purpose  " 
(Paulsen  in  Lexis,  'Die  deutschen 
Universitaten,'  vol.  i.  p.  74,  &c.) 
The  same  idea  was  in  the  mind  of 
Liebig  when  he  started  the  first 
chemical  laboratory  at  Giessen  (see 
supra,  p.  188,  note).  The  ency- 
clopaedic treatment  of  every  large 
subject  in  a  special  course  of  lec- 
tures arranged  for  this  purpose 
had  the  object  of  preventing  the 
different  studies  from  falling  asun- 
der or  ultimately  failing  to  unite 
in  the  realisation  of  one  great  aim. 
This  great  aim  of  all  philological 
studies,  for  instance,  was  always 
held  up  by  men  like  Wolf,  Her- 
mann, Bockh,  and  Ritschl,  among 
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Lastly,  the  German  man  of  science  was  a  philosopher.       se. 

•^  .  Combina- 

Whatever  his  aversion  might  be  to  special  philosophical  *|!?^^°^^j^^ 
doctrines,  he  had  generally  come  under  the  influence  of  pJ^iiosop^y. 
some  philosophical  school,  the  teaching  of  which  he  desired 
either  to  uphold  or  to  combat.  Sooner  or  later,  con- 
sciously or  unconsciously,  he  had  to  make  clear  to  him- 
self and  to  his  disciples  the  underlying  principles  which 
he  thought  the  right  ones,  to  defend  them  against  attacks 
from  others,  or  to  modify  them,  as  progressing  research 
made  it  necessary.  If  the  historical  sciences  had  bene- 
fited most  by  the  philosophy  of  Schelling  and  Hegel, 
which  attempted  to  give  new  and  constructive  views 
on  the  intellectual  and  ethical  manifestations  of  the 
human  or  the  general  soul,  the  mathematical  and  phy- 


whose  favourite  lectures  were  those 
on  "encyclopaedia"  of  philology. 
Something  similar  existed,  and 
exists  still,  in  theology,  law,  and 
what  are  called  *' Staatsioissen- 
schaften."  All  these  terms  are 
supposed  to  embrace  a  variety  of 
studies  which  are  organically  com- 
bined in  one  whole,  forming  a  cycle. 
In  philosophy  proper  Hegel,  and 
later  Lotze,  delivered  well-known 
and  largely  attended  lectures  under 
the  title  of  Encyclopaedia.  This  is 
a  remnant  of  the  encyclopaedic  or 
organic  treatment  of  knowledge 
sketched  out  by  Bacon,  and  pro- 
posed as  a  basis  for  their  celebrated 
work  by  Diderot  and  D'Alembert 
(see  ante,  p.  35  and  note).  The 
encyclopaedia,  as  a  learned  diction- 
ary, we  have  seen,  has  since  become 
merely  a  synopsis.  How  different 
from  this  was  the  truly  encyclo- 
paedic treatment  given  by  men  like 
Bockh  can  be  seen  from  his  cor- 
respondence with  K.  0.  Miiller, 
where  he  scolds  his  younger  friend 
for  undertaking  to  write  the  article 


"  Topography  of  Athens  "  for  "  such 
a  cursed  publication  as  an  encyclo- 
paedia," whereas  he  himself  was 
regularly  lecturing  on  "encyclo- 
paedia of  philology,"  in  which  he 
took  in  earnest  the  idea  of  classi- 
cal philology  as  "the  historical 
science  of  the  life  of  the  ancient 
peoples"  (see  Curtius,  'Alterthum 
und  Gegenwart,'  vol.  iii.  p.  138,  &c.) 
Now  although  the  exact  sciences 
when  they  became  domiciled  in  the 
German  universities  did  not  in 
general  copy  this  institution,  yet 
the  historical  and  philosophical 
survey,  giving  method  and  unity 
to  a  large  circle  of  studies,  has  been 
upheld  by  many  among  the  fore- 
most men  of  science,  especially  in 
the  medical  faculty.  Of  these  I 
only  mention  Joh.  Miiller  (see  Du 
Bois-Reymond,  '  Reden,'  vol.  ii.  pp. 
195,  279)  and  his  pupil  and  follower 
Jacob  Henle,  who  in  his  lectures 
on  anthropology  took  a  philosophi- 
cal survey  of  the  whole  subject  of 
the  medical  studies^  (see  'Jacob. 
Henle'  by  Meckel,,  p.  2X1,  &c.), 


i 


37. 
Biology 
grown  out 
of  science 
and  philo- 
sophy com- 
bined. 


216 


SCIENTIFIC   THOUGHT. 


sical  sciences  have  been  most  afiected  by  the  spirit  of 
Kant's  philosophy,  which  has  ineradicably  engrained  in 
the  German  mind  the  necessity  of  a  criticism  of  the 
principles  of  knowledge.  Ever  and  anon  some  of  the 
most  brilliant  intellects  in  mathematics  and  science  have 
reverted  to  the  same  problems,  and,  on  the  whole,  they 
have  confirmed  the  position  taken  up  by  Kant  a  cen- 
tury ago. 

It  was  thus  under  the  influence  of  the  exact  methods 
of  experiment  and  calculation  taught  by  the  great  French 
school  in  the  beginning  of  the  century,  and  at  the  same 
time  through  the  philosophical  spirit  peculiar  to  German 
science,  that  in  the  middle  of  the  century  the  different 
sciences  which  deal  with  the  phenomena  of  life  and  con- 
sciousness were  remodelled.     The  great  science  of  biology, 
based  upon  mechanical  principles,  was  thus  created,  and 
the  results  gained  in  it  brilliantly  applied  to  the  reorgan- 
isation of  the  medical  profession.     But  this  great  reform 
does  not  belong  exclusively  to  one  great  name ;  it  is  the 
work  of  a  long  line  of  thinkers :  nor  can  I  conceive  that 
the  exclusive  employment  of  the  methods  of  exact  re- 
search would  have  so  effectually  brought  it  about,  unaided 
by  the  philosophical,  historical,  and  critical  spirit  which 
formed  the  peculiar  characteristic   of   German   thought 
before  the'  exact  methods  had  been  generally  introduced. 
And  just  because  this  reform  required  to  be  effected  from 
so  many  different  beginnings,  and  gradually  elaborated 
and  defended  before  it  became  firmly  established,  do  the 
modem  sciences  of  physiology  and  pathology  deserve  to 
be  termed  pre-eminently  German  sciences ;  for  no  other 
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country  possessed  the  necessary  conditions  and  extensive 
organisations,  the  habits  of  combined  study  and  patient 
co-operation,  the  large  views  and  the  high  aims,  which 
had  been  acquired  at  the  German  universities  under  the 
guidance  of  the  German  ideal  of  Wissenschaft,  and  under 
the  sway  of  the  philosophical  and  classical  spirit. 

A  great  authority,^  who  as  much  as  any  one  represents 
the  modern  as  distinguished  from  the  earlier  views  in 
biological  science,  reviewing  the  different  agencies  which 
have  brought  about  the  great  change,  speaks  thus.  He 
is  referring  to  Johannes  Mliller,  the  father  of  modern  ss. 
physiology.     "  The  modern  physiological  school,"  he  says,  Reymond 

^         ^  on  Mliller. 

"  With  Schwann  at  its  head,  has  drawn  the  conclusions  for 
which  Mliller  had  furnished  the  premises.  It  has  herein 
been  essentially  aided  by  three  achievements  which  Mliller 
witnessed  at  an  age  when  deeply-seated  convictions  are 
not  easily  abandoned,  I  mean,  first  of  all,  Schleiden  and 
Schwann's  discovery,  that  bodies  of  both  animals  and 
plants  are  composed  of  structures  which  develop  inde- 
pendently, though  according  to  a  common  principle.  This 
conception  dispelled  from  the  region  of  plant-life  the  idea 
of  a  governing  entelechy,  as  Midler  conceived  it,  and 
pointed  from  afar  to  the  possibility  of  an  explanation  of 
these  processes  by  means  of  the  general  properties  of 
matter.  I  refer,  secondly,  to  the  more  intimate  know- 
ledge of  the  action  of  nerves  and  muscles,  which  began 
with  Schwann's  researches,  in  which  he  showed  how  the 
force  of  the  muscle  changes  with  its  contraction.  In- 
vestigations which  were  carried  on  with  all  the  resources 

*  See  Du  Bois-Reymond,  *Reden,'  vol.  ii.  p.  219,  &c. 


^iii      : ! 
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of  modern  physics  regarding  the  phenomena  of  animal 
movements,   gradually   substituted   for   the    miracles   of 
the  'vital  forces'  a  molecular  mechanism,  complicated, 
indeed,  and  Ukely  to  baffle  our  efforts  for  a  long  time  to 
come,  but  intelligible,  nevertheless,  as  a  mechanism.     The 
third  achievement  to  which  I  refer  is  the  revival  among 
us  by  Helmholtz  and  Mayer  of  the  doctrine  of  the  con- 
servation of  force.     This  cleared  up  the  conception  of 
force  in  general,  and  in  particular  supplied  the  key  to  a 
knowledge  of  the  change  of  matter  in  plants  and  animals. 
By  this  an  insight  was  gained  into  the  truth  that  the 
power  with  which  we  move  our  own  Umbs  (as  George 
Stephenson  did  those  of  his  locomotive)  is  nothing  more 
than  sunUght  transformed  in  the  organism  of  the  plant: 
that  the  highly  oxygenated  excrements  of  the  animal 
organism  produce  this  force  during  their  combustion,  and 
alon''   with  it   the   animal  warmth,  the  irvtviia  of   the 
3,        ancilnts.     In   the  daylight  which  through  such  know- 
;i'?'aban.  ledge  penetrated  into  the  chemical  mechanism  of  plants 
''°°"''        and  animals,  the  pale  spectre  of  a  vital  force  could  no 
more  be  seen.     Liebig,  indeed,  who  himself  stood  up  so 
firmly  for  the  chemical  origin  of  animal  heat  and  motive 
power,  still  retains  an  accompanying  vital  force.     But 
this  contradiction  is  probably  to  be  traced  to  the  cir- 
cumstance that  the  celebrated  chemist  came  late,  and  as 
it  were  from  outside,  to  the  study  of  the  phenomena  of 
Ufe.     And  even  Wohler  still  believes  in  a  vital  force,  he 
who  in  his  time  did  more  than  any  one  to  disturb  the 
vitalistic  hypothesis  through  his  artificial  production  of 
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It  was  a  process  of  critical  sifting  similar  to  that  which 
Kant  ^  applied  to  our  general  metaphysical  ideas,  which 
in  the  middle  of  the  century,  through  the  writings  of 
Berzelius  and  Liebig,  of  Schwann  and  Schleiden,  of  Henle, 
Lotze,  and  Du  Bois  -  Eeymond,  gradually  dispelled  the 
older  confused  notions,  and  firmly  established  the  mech-       40 
anical  view  in  the  study  of  the  phenomena  of  life.     But  fit^""' 
as  we  are  forced  to  recognise  the  substance  of  much  of  ^'°^°^* 
Kant's  philosophical  criticism  in  the  lucid  expositions 
of  Locke  and  Hume  before  him,  so  it  has  been  pointed     ' 
out  that  the  words  of  the  eminent  French  physiologist, 
Vicq-d'Azyr,  contain  the  substance  of  the  more  modern 
ideas  on  life.^     It  required  the  co-operation  of  the  exact 


urea. 


>> 


^  The  great  influence  which  be- 
longs to  Kant  in  the  development 
of  modern  German  science  has  been 
frequently  dwelt  on.      In  more  re- 
cent times  some  of  the  first  repre- 
sentatives of  the  medical  and  bio- 
logical sciences  have  dealt  with  the 
subject,  and  the  opposition  which 
fifty  years  ago  originated  in  the  ex- 
travagances of  some  of  Kant's  suc- 
cessors, has  given  way  to  a  renewed 
recognition  of  the  just  claims   of 
Kant.     We  may  refer  to  Du  Bois- 
Reymond,   who,   forgetting  Lotze, 
calls  Kant  the  last  philosopher  who 
took   a   part   in   the   work   of   the 
naturalist  ('Reden,'  vol.  i.  p.  33); 
to  Helmholtz,  who  in  many  passages 
of  his  popular  addresses  refers  to 
the  merits  of  Kant  ('  Vortrage  und 
Reden,'  1884,  vol.  i.  pp.  44,  368 ;  ii. 
58,  227,  234,  248,  &c.)  ;  to  Haeser 
('Geschichte  der  Medizin,'  vol.  ii. 
p.  811).     I  will  add  to  these  the 
opinion  of  so  great  an  authority  as 
Prof.  Billroth  of  Vienna,  who,  speak- 
ing of  the  two  modern  schools  of 
medicine  in  Germany,  says  (*  Lehren 


und  Lernen  der  medicinischen  Wis- 
senschaften,'  &c.,  p.  334):  "How- 
ever  great  the  degree  of  independ- 
ence may  be  which  the  two  parallel 
schools  have  attained,  they  would 
hardly  have   developed  so  rapidly 
without     the     powerful     influence 
which  came  from  France  and  in  a 
lesser  degree  from  England ;  nor  yet 
without  that  of  Immanuel  Kant, 
who    in    his     '  Autophysiology    of 
Reason  '  enlightened  German  minds 
regarding    their    own    selves,   and 
who  with  his  lively  imagination  fer- 
vently embraced  natural  science." 

^  The    remarkable    passage    re- 
ferred  to   is   quoted  by  Du   Bois- 
Reymond  ('Reden,' vol.  ii.  p.  27): 
"  Quelqu'  etonuantes  qu'elles  nous 
paraissent,  ces  fouctions  {viz.,  dans 
les   corps    organises)   ne  sont-elles 
pas^  des   effiets   physiques   plus   ou 
moins  composes,  dont  nous  devons 
examiner   la   nature  par  tous   les 
moyens  que  nous  fournissent  I'ob- 
servation    et  I'exp^rience,    et  non 
leur    supposer    des    principes    sur 
lesquels  I'esprit  se  repose,  et  croit 
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spirit  of  research  with  the  critical  methods  acquired  m 
the  school  of  philosophy,  and  the  exhaustive  survey  of 
a  large  array  of  facts  acquired  through  historical  and 
classical  studies,  before  the  significance  of  this  brilliant 
aper^  became  evident;  before  the  underlying  ideas  could 
become  useful  guides  of  research  and  progress.  "  Tant^ 
molis  erat  Eomanam  condere  gentem." 

Though  the  reform  of  the  biological  ^  sciences,  and  their 
application  to  pathological  inquiries,  are  probably  the 
greatest  achievement  which  the  methods  of  exact  re- 
search, in  conjunction  with  the  philosophical  spirit,  can 
boast  of  in  Germany  in  the  century,  the  same   habit 


avoir  tout  fait  lorsqu'il  lui  reste 
tout  h  faire."  This  was  said  at 
the  end  of  the  last  century,  and 
fifty  years  later  Du  Bois-Reymond 
{loc.  cit.)  could  complain  that  the 
truth  conteined  in  these  words  was 
not  yet  generally  admitted,  in  spite 
of  the  labours  of  Berzelius,  Schwann, 
Schleiden,  and  Lotze.  Compare 
also  A.  von  Humboldt's  own  con- 
fessions on  this  point  in  his  '  An- 
sichten  der  Natur,'  vol.  ii.  p.  309, 
&c.,  edition  of  1849. 

1  I  must  remind  the  reader  here 
that  though  I  use  the  word  biolo- 
gical as  denoting  the  more  recent 
point  of  view  from  which  all  pheno- 
mena of  the  living  world  are  being 
grouped   and   comprehended,    and 
though   the   word   seems   to   have 
been  first  used  by  a  German,  never- 
theless the  arrangement  of  studies 
at    the    German    universities    has 
hardly    yet  recognised   the  essen- 
tial unity  of  all  biological  sciences. 
They  are  unfortunately  still  divided 
between  the  philosophical  and  the 
medical  faculties.     It  is  indeed  an 
anomaly,    hardly    consistent    with 
the  philosophical  and  encyclopaedic 


character  of  German  research,  that 
pakeontology,  botany,  zoology,  and 
anthropology  should  belong  to  the 
philosophical,     whereas    anatomy, 
physiology,     and     pathology     are 
placed    in    the    medical    faculty. 
Eminent  biologists  and  anthropo- 
logists,  such  as  Schleiden,   Lotze, 
Helmholtz,   and  Wuudt,  have  ac- 
cordingly belonged  to  both  facul- 
ties.     To   place  biological   studies 
on    the    right    footing    would    re- 
quire  a   mind    similar  to   that   of 
F.  A.   Wolf,    who  evolved   out  of 
the  vaguer  idea  of  hunmniora  the 
clearer  notion  of  a  "science  of  an- 
tiquity," and  who  accordingly  was 
able  to  convert  the  training-school 
of  teachers,   the  seminary,  into  a 
nursery  of  students  of   antiquity. 
Whether  a  similar  reform  in   the 
purely   scientific    interests    of   the 
"science    of    life,"   which   is  now 
mostly  cultivated  for   the   benefit 
of  the  medical  practitioner,  can  be 
effected  in  this  age,  when  practical 
aims  are  gradually  taking  the  place 
of  scientific  ideas,  is  another  ques- 
tion. 
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of  thought  has  shown  itself  in  other  fields  of  research, 
and  led  to  similar  innovations.  I  will  here  only  mention 
one  other  line  of  inquiry,  where  neither  exact  nor  meta- 
physical reasoning  alone  suffices,  but  where  a  combination 
of  both  is  essential.  I  mean  the  gradual  change  which,  ^^.^.4i.^  ^^ 
mainly  through  the  writings  of  German  mathematicians,  Pf°«^p;«f 
has  come  over  our  fundamental  conceptions  in  the  region  °^*^<^^- 
of  geometry,  algebra,  and  the  theory  of  numbers.  This 
subject  belongs  so  essentially  to  the  domain  of  pure 
thought  that  a  history  of  thought  seems  specially  called 
upon  to  take  notice  of  it.  Accordingly  I  intend  to  devote 
a  special  chapter  to  it.  At  present  it  interests  us  mainly 
because  it  is  an  outcome  of  that  peculiar  modification 
which  the  exact  or  scientific  spirit  of  thought  underwent 
when,  introduced  by  French  and  English  models,  it  came 
in  contact  with  the  philosophical  and  classical  ideal  of 
learning  in  Germany.  I  will  repeat  more  clearly  and 
concisely  what  I  mean.  The  exact  methods  of  thought, 
mainly  elaborated  in  France,  and  there  largely  applied, 
give  to  science  its  accuracy  and  definiteness.  In  spite 
of  this  accuracy  and  definiteness,  it  is  not  immediately 
clear  whether  they  will  lead  to  completeness  of  know- 
ledge, or  whether  they  may  not  be  misapplied.  To 
guarantee  completeness,  to  make  sure  that  in  the  whole 
great  field  no  portion  has  remained  untouched  and  un- 
explored, that  love  of  detail,  that  searching  and  explor- 
ing spirit,  is  required  which  is  nursed  pre-eminently 
by  historical  and  classical  studies.  And  to  avoid  the 
abuse  of  existing  methods,  there  is  further  required  that 
critical  spirit  which  inquires  into  the  value  of  principles 


42. 
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and  the  limit  of  their  usefulness.  These  three  directions 
of  thought  mark  three  tolerably  distinct  attitudes  of  the 
human  mind.  Skill  in  inventing  and  in  applying  new 
and  precise  methods — the  exact  habit  or  attitude  of 
thought ;  love  of  detail,  and  the  desire  for  complete  and 
exhaustive  knowledge — the  historical  habit  or  attitude  of 
thought ;  lastly,  the  desire  to  become  fully  alive  to  the 
value  of  existing  methods  or  principles,  which  implies  a 
consciousness  of  the  limited  nature  of  one  and  every 
principle — the  critical  habit  or  attitude  of  thought.  The 
progress  of  mathematics  and  natural  science  depends  pri- 
marily on  the  first ;  classical  studies  depend  on  the  second  ; 
philosophical  reasoning  mainly  on  the  last.  Each  of  the 
three  nations  which  have  led  human  progress  and  thought 
during  the  past  centuries  tias  probably  been  possessed 
of  these  three  cardinal  virtues  in  equal  proportions.  For 
though  Newton  stands  pre-eminent  in  the  first,  we  have 
Laplace  and  Gauss  and  their  numerous  followers  in  other 
countries ;  though  the  great  volume  of  classical  learning 
and  criticism  has  emanated  from  the  schools  of  Wolf, 
Hermann,  and  Bockh,  they  themselves  point  back  to 
Bentley  and  Joseph  Scaliger ;  and  even  Kant's  unrivalled 
enterprise  was  prepared  by  Hume,  and  dates  back  to 
Descartes.  There  need,  therefore,  be  no  angry  rivalry  or 
carping  jealousy.  We  may  point  to  the  remarkably  equal 
contributions  of  the  three  nations  to  the  general  progress 
of  thought.  But  a  very  different  and  truly  legitimate 
interest  prompts  us  to  note  how  in  the  great  performances 
of  each  nation,  in  the  literature  of  each  of  the  three  lan- 
guages, different  factors  have  been  at  work — different 
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agencies  have  combined  to  produce  the  effect.  In  this 
regard  the  spectacles  presented  by  French,  German,  and 
English  thought  differ.  And  there  seems  to  me  little 
doubt  that  during  a  considerable  portion  of  this  century 
the  German  universities,  grown  out  of  theological,  legal, 
and  medical  studies,  and  widening  gradually  till  they 
embraced  and  deepened  all  three  by  the  philosophical, 
the  classical,  and  the  exact  spirit  of  research,  present  that 
organisation  in  which  the  different  elements  of  thought 
are  most  equally  balanced,  through  which  modern  know- 
ledge and  the  scientific  spirit  have  been  most  widely 
and  successfully  diffused,  and  that  the  German  ideal  of       48. 

Tir'  1     J-  ^  Til  Combined  in 

yVissensckaft  embraces  at  once  the  highest  aims  of  the  the  German 

'^  ^  ideal  of  Wis- 

exact,    the    historical,    and    the    philosophical    lines    of  ««"*«^A 
thought. 

Nor  would  it  be  right  to  pass  from  the  consideration  of 
this  peculiar  feature  of  nineteenth-century  thought,  which 
is  an  outcome  of  the  German  university  system,  without 
noticing  the  moral  significance  which  this  ideal  of  Wvi-       44. 
senschaft   acquired,  and   which  marks  it  as  a  factor  in  oiwimn- 

gchajt. 

progress  and  in  culture  of  much  more  importance  even 
than  the  lasting  discoveries  in  science  which  it  has  made, 
or  the  monuments  of  learning  which  it  has  reared.  It  is 
not  the  political  side  of  this  movement  which  I  refer  to, 
not  even  pre-eminently  the  educational,  though  these  are 
interesting  and  important  enough  to  demand  special  his- 
torical treatment.  What  I  should  like  to  point  to  as  the 
greatest  in  this  movement  is,  that  it  belongs  to  the  few 
and  rare  instances  in  the  history  of  mankind  when  we 
see  a  large  number  of  the  most  highly  gifted  members  of 
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a  nation  following  a  purely  ideal  cause,  apart  from  the 
inducements  which  gain  or  glory  may  furnish.     The  pur- 
suit of  truth  and  the  acquisition  of  knowledge  for  its  own 
sake,  as  an  ennobling  and  worthy  occupation,  has  during 
a  large  portion  of  our  century  been  the  life-work  of  pro- 
fessors and  students  alike  in  the  German  universities. 
In  the  biographies  of  many  of  them  we  meet  with  that 
self-denial  and  elevation  of  spirit  which  is  the  true  char- 
acteristic of  every  unselfish  human  effort.     In  perusing 
these  records  of  high  aspirations,  arising  frequently  amid 
disheartening   surroundings,  these   stories   of  privations 
cheerfully  endured,  of  devotion  to  an  ideal  cause,  glow- 
ing with  all  the  fervour  of  a  religious  duty,  we  gain  a 
similar  impression  to  that  which  the  contemplation  of  the 
Classical  period  of  Greek  art  or  the  early  Kenaissance 
produces  on  our  mind. 

Once  at  least  has  science,  the  pursuit  of  pure  truth  and 
knowledge,  been  able  to  raise  a  large  portion  of  mankind 
out  of  the  lower  region  of  earthly  existence  into  an  ideal 
atmosphere,  and  to  furnish  an  additional  proof  of   the 
belief  that  there,  and  not  here  below,  lies  our  true  home. 
We  may  perhaps  have  to  admit  with  regret  that  this 
phase  is  passing  away  under  the  influence  of  the  utili- 
tarian demands  of  the  present  day ;  we  may  be  forced  to 
think  that  another — and,  we  trust,  not  a  lower — ideal  is 
held  up  before  our  eyes  for  this  and  the  coming  age. 
But  no  really  unselfish  effort  can  perish,  and  whatever  the 
duty  of  the  future  may  be,  it  will  have  to  count  among 
the  greatest  bequests  of  the  immediate  past  that  high 
and  broad  ideal  of  science  which  the  life  of  the  Ger- 
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man  universities  has  traced  in  clear  and  indestructible 
outlines.^ 


^  The  testimonies  by  illustrious 
foreigners  to  the  great  work  of  the 
German   universities   are  frequent 
and  well  known,  from    the   time 
when  Mme.  de  Stael  visited  Ger- 
many, and  her  friend  Villers  wrote 
his  *  Coup-d'oeil  sur  les  Universitds 
d'Allemague'  in  1808,  through  the 
writings  of  Cousin,  the  verdict  of 
Renan,    of    Cournot,    of    Dreyfus- 
Brisac,  and  of  the  American,  J.  M. 
Hart.     To  these  often -repeated  ex- 
pressions  I   will  add  that  of  the 
great  apostle  of  higher  culture  of 
our  age,  of  Matthew  Arnold,  who 
sums  up  his  interesting  report  on 
the  German  system  of  higher  edu- 
cation in  these  characteristic  words : 
"What  I  admire  in  Germany  is, 
that  while  there,  too,  Industrialism, 
that  great  modern  power,  is  making 


at  Berlin  and  Leipzig  and  Elber- 
feld  most  successful  and  rapid  pro- 
gress, the  idea  of  Culture,  Culture 
of  the  only  true  sort,  is  in  Germany 
a  living  power  also.     Petty  towns 
have  a  university  whose  teaching 
is  famous   through   Europe;    and 
the  King  of  Prussia   and    Count 
Bismarck  resist  the  loss  of  a  great 
savant  from  Prussia  as  they  would 
resist  a  political  check.      If  true 
culture    ever    becomes    at    last   % 
civilising  power  in  the  world,  and 
is  not  overlaid  by  fanaticism,   by 
industrialism,  or  by  frivolous  pleas- 
ure-seeking, it  will  be  to  the  faith 
and  zeal  of  this  homely  and  much- 
ridiculed  German  people  that  the 
great  result  will  be  mainly  owing  " 
('Schools  and  Universities  on  the 
Continent,'  1868,  p.  256). 
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CHAPTER    III. 

THE  SCIENTIFIC  SPIRIT  IN  ENGLAND. 

The  history  of  science  in  France  and  Germany  during 
orgSiisation  the  first  half  of  the  present  century  is  identical  with  the 

abroad.  -^  x        •  j 

history  of  two  great  organisations,  the  Paris  Institute  and 
the  German  Universities.     It  is  to  them  that  we  owe 

ft 

nearly  all  the  great  scientific  work  in  the  two  countries : 
to  the  former  we  owe  the  foundation  of  the  modern 
methods  of  scientific  work  during  the  last  period  of  the 
eighteenth  and  the  early  years  of  the  nineteenth  cen- 
tury ;  to  the  latter  we  owe  pre-eminently  the  diffusion 
and  widespread  application  of  those  methods.^  We  now 
turn  to  the  country  which,  in  advance  of  France  and  Ger- 


^  In  respect  of  this  I  cannot  suf- 
ficiently recommend  M.  Maury's 
volume  on  '  L'ancienne  Academic 
des  Sciences,'  which  is  as  eloquent 
a  testimonial  to  the  scientific 
labours  of  eminent  Frenchmen 
during  the  eighteenth  century  as 
the  companion  volume  on  '  L'an- 
cienne Academic  des  Inscriptions 
et  Belles  Lettres'  is  a  proof  of 
the  absence  of  philological  studies 
during  that  period.  The  recent 
publication  of  Lexis'  work,  *Die 
deutschen  Universitaten,'  is  just 
as  eloquent  a  testimonial  to  the 


labours  of  the  German  universities 
during  this  century.  The  first  im- 
pression we  get  from  the  perusal  of 
these  two  works  is  that  for  a  long 
period  France  almost  monopolised 
the  exact  sciences,  just  as  later, 
for  a  similar  period,  Germany 
almost  monopolised  classical  re- 
search, the  science  of  antiquity. 
And  yet  the  former  was  probably 
as  much  indebted  to  the  English- 
man Newton  as  the  latter  was  to 
the  Frenchman  Joseph  Scaliger  for 
the  character  each  acquired  during 
the  two  periods  I  refer  to. 


I 


THE   SCIENTIFIC   SPIRIT   IN   ENGLAND. 


227 


many,  had  produced  the  greatest  scientific  model  of  modern 
times,  a  work  which  has  probably  done  more  than  any 
other  purely  scientific  work  to  revolutionise  our  scientific 
notions — the  *  Principia '  of  Newton.  In  the  subsequent 
history  of  the  thought  of  this  century,  the  next  chapter 
will  deal  with  the  part  that  the  Newtonian  ideas  have 
played  throughout  the  whole  period.  We  have  now  to 
turn  our  attention  to  the  state  of  science  in  Great  Britain 
during  the  period  when  Paris  academicians  and  German 
professors  combined  to  define  and  carry  the  spirit  of 
modern  scientific  thought  into  the  several  mathematical, 
physical,  and  biological  branches  of  research. 

Considering  that  the  great  scientific  institutions  of  the 
Continent — the  Paris  Institute,  the  scientific  and  medical 
schools  in  Paris,  and  the  German  universities — have  done 
so  much  for  the  furtherance  of  science  and  the  diffusion 
of  the  scientific  spirit,  it  is  natural  that  we  should  ask, 
What  have  similar  institutions  done  in  this   country  ?  „.  .2. ; 

•^       Similar  in« 

These  institutions   are,  indeed,  mostly   older   than   the  fn^oJ^^t'l^ 
academies    and    modern    universities  of    the  Continent.  ^"^^°* 
The  Eoyal  Society,  if  not  older  than  the  French  Academy, 
is  certainly  older  than  the  Paris  Academy  of  Sciences.^ 


^  The  actual  dates  are  as  follows  : 
The  first  Academy  devoted  to  the 
pursuit  of  science  seems  to  have 
been  the  "Aoademia  Secretorum 
Naturae,"  founded  at  Naples  in  1560. 
Several  societies  devoted  to  the  cul- 
ture of  lit«rature  and  art  existed  in 
Italy,  such  as  the  Academy  "  della 
Crusca"  (founded  at  Florence  in 
1582).  The  great  French  Academy, 
devoted  exclusively  to  the  study  of 
the  French  language,  dates  from 
1629,  and  received  its  charter  in 
1635.     The  Royal  Society,  though 


not  the  first  scheme  of  its  kind 
which  was  started  in  this  country 
— for  the  establishment  of  a  Royal 
Academy  was  discussed  as  far  back  as 
1616— actually  started  (1645)  in  the 
private  meetings  described  in  *Dr 
Wallis's  Account  of  Some  Passages 
of  his  own  Life '  (quoted  by  Weld, 
*  Hist,  of  the  Royal  Society,'  vol.  i. 
p.  30).  These  meetings,  according  to 
him,  were  suggested  by  a  German, 
Theodore  Hank,  then  resident  in 
London.  The  members  were  "  per- 
sons inquisitive  into  natural  philos- 
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The  univereities  of  Oxford,  Cambridge,  Edinburgh,  Dub- 
lin, and  Glasgow  ^  are  older  than  most  of  the  German 
universities  which  have  done  the  great  scientific  work 
of  this  century.  So  far  as  wealth  is  concerned,  no  in- 
stitution on  the  Continent  could  compare  with  the  two 
older  English  universities,  and  the  Eoyal  Society  had 
in  the  beginning  of  this  century  long  emerged  from  the 
poverty  which  characterised  her  early  history  during  the 
lifetime  of  Newton.^     Let  us  look  at  the  subject  from  a 


ophy,  .  .  .  and  particularly  of  what 
hath  been  called  the  New  Philosophy 
or  Experimental  Philosophy."     It 
formed  a  branch  at  Oxford  in  1649, 
and    received  a   royal    charter   in 
1662,  four  years  before  the  "  Acad- 
^mie  des  Sciences  "  at  Paris — which 
had   also    previously  existed   as   a 
private  gathering  of  savants  at  the 
houses  of  Mersenne,  Montmort,  and 
Thevenot — was  formally  installed  in 
the    Bibliothkiue    du    Roi.      The 
"  Accademia  del  Cimento  "  at  Flor- 
ence was  established  in  1657  ;  but 
it  only  lasted    ten    years.      Very 
irregular   were    also    the   life   and 
labours  of  the  "Academia  naturse 
Curiosorum"      (later     called      A. 
Csesarea    Leopoldina),   founded   at 
Vienna  in  1652.      The  Accademia 
del  Cimento  printed  an  important 
volume  of   Transactions   in    1666. 
The   Royal    Society   published    its 
first  volume   in   1665.      The  first 
volume   of    the   'Journal   des   Sa- 
vants '  is  of  the  same  year.     Very 
complete  information  will  be  found 
on   all   foreign    Academies   in   the 
'Grande  Encyclopedie,'  art.  "Acad- 
^mie." 

^  Although  the  dates  of  the  foun- 
dation of  Oxford  and  Cambridge  are 
uncertain,  they  were  certainly  more 
than  a  century — probably  two  cen- 
turies— older  than  Prague,  the  first 
German  university,  founded  by  the 
Emperor  Charles  IV.  in  1347.     The 


older  Scotch  universities  were  found- 
ed in  the  course  of  the  fifteenth 
century,  about  the  same  time  that 
Leipsic    appears   to   have    had  its 
origin    through    a    secession   from 
Prague.     The  German  universities 
—  Halle,    Gottingen  —  which  were 
the  seat  of  modem  erudition,  have 
a  much  later  date,  as  given  in  chap, 
ii.  p.  159,  above.     Edinburgh  was 
founded   at   the   end    of    the   six- 
teenth  century,  and   Trinity  Col- 
lege, Dublin,  about  the  same  time. 
Leyden,  which  exerted  a  great  in- 
fluence both  on  Scotch  and  German 
higher  education  during  the  seven- 
teenth century,  was  somewhat  older 
than  Edinburgh. 

2  It  appears  from  Weld  ('History,* 
&c.,  vol.  i.  pp.  231,  241, 246,  316,  462, 
473)  that  the  financial  position  of 
the  Royal  Society  was  precarious, 
and  frequently  engaged  the  serious 
attention   of   the   Council,   during 
the  whole  first  hundred  years  of  its 
existence  ;  that  as  late  as  1740  the 
whole  revenue  of  the  Society  wa» 
only  £232  per  annum.     An  effort 
was  then  made  to  get  in  the  large 
arrears  of  subscriptions  and  other 
contributions.      In    the    following 
year    the    income    seems   to   have 
exceeded  the  expenditure  by  £297. 
Weld  adds,  "  It  is  a  painful  task  to 
record  these  periodical  visitations 
of  poverty,  which  threatened  the 
very  existence  of  the  Royal  Society  ; 


different  point  of  view.    England  has  during  the  early  part        3. 
of  the  century,  in  all  but  the  purely  mathematical  sciences,  science  in 

the  early 

a  greater  array  of  scientific  names  of  the  first  order  than  part  of  the 

"  century, 

Germany,  and  nearly  as  great  an  array  as  France.  Black, 
Herschel,  Priestley,  Cavendish,  Davy,  Young,  Dalton, 
Faraday,  Eowan  Hamilton,  Brewster,  Lyell,  Charles  Bell, 
are  all  identified  with  one  or  more  novel  ideas  or  definite 
branches  of  research.^     Great  Britain  had  thus  no  lack 


ous  diflficulties,  unassisted  by  Royal 
bounty  and  labouring  alone  on  ac- 
count of  their  love  for  science " 
(vol.  i.  p.  474). 


there  is,  however,  a  proportionate 
amount  of  pleasure  in  witnessing 
the  triumphant  manner  in  which 
the  small  band  of  philosophers  ex- 
tricated their  institution  from  seri- 

^  The  following  are  the  principal  dates  referring  to  the  great  discoveries 
made  in  this  country  during  the  half -century  ending  1825  : — 

1774.  Priestley  (1733-1804)  discovers  oxygen  and  a  variety  of  other 

gases. 

1775.  Black  (1728-99),  Memoirs  on  latent  heat. 

1775.  Maskelyne  (1732-1811)  measures  the  Attraction  of  Mount  She- 

hallien. 
1775.  Landen  (1719-90)  expresses  the  arc  of  an  hyperbola  in  terms  of 

two  elliptic  arcs. 
1778.  Benjamin  Thompson  (Count  Rumford,  1753-1814)  first  experi- 
ments on  heat  by  friction. 
1781,  13th  March,  Sir  William  Herschel  (1738-1822)  discovers  Uranus. 
1784.  Cavendish  (1731-1810)  discovers  the  composition  of  water. 
1786-97.  Caroline  Herschel  (1750-1848)  discovers  her  eight  comets. 
1798.  Cavendish  determines  the  density  of  the  earth. 
Davy  (1768-1829),  essay  on  heat,  light,  &c. 
Nicholson  and  Carlisle  decompose  water  with  the  voltaic  pile. 
Dalton  (1766-1844),  theory  of  evaporation. 
Young  (1773-1829),  first  essay  on  the  theory  of  light  and  colour. 
Dalton,  law  of  expansion  of  gaseous  fluids. 
Playfair  (1748-1819),  *  Illustrations  of  the  Huttonian  Theory.' 
Wollaston  (1766-1829),  on  Iceland  spar,  and  undulatory  theory. 
William  Herschel,  observations  on  nebulae  and  double  stars. 


1799. 
1800. 
1801. 
1801. 
1802. 
1802. 
1802. 
1802-3. 


1802-3.  Young  expounds  the  principle  of  "  Interference." 

1803-4.  Dalton  proposes  the  atomic  theory. 

1804.  Leslie  (1766-1832),  experiments  on  heat. 

1804.  Wollaston  discovers  palladium  and  other  kindred  metals. 

1806.  Davy  isolates  the  alkaline  metals. 

1807.  Young  introduces  the  word  Energy  (lect.  i.  p.  75). 

1809.  Ivory  (1765-1842),  on  the  attraction  of  ellipsoids. 

1810.  Young  (in  *  Quarterly  Review ')  explains  the  different  refractions 

in  crystals. 
1810.  Davy  discovers  chlorine  to  be  a  simple  body. 
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Alleged  de« 
cline  of 
science  in 
England. 


either  of  great  men  of  science  or  of  great  institutions, 
and  yet — in  spite  of  these — we  read  in  the  course  of 
the  first  third  of  the  century  about  the  decline  of 
science  in  England.  That  such  could  be  seriously  said 
of  a  country  which  within  fifty  years  had  in  astronomy 
discovered  a  new  planet  (the  first  addition  to  the  number 
known  to  the  ancients),  had  discovered  oxygen,  latent 
heat,  and  the  decomposition  of  water,  applied  the  gal- 
vanic current  for  isolating  the  most  refractory  metals, 
laid  the  groundwork  for  the  undulatory  theory  of  light, 
established  the  atomic  theory,  put  forth  in  statics  and 
dynamics  two  of  the  most  important  modern  generalisa- 
tions,^ and  introduced  in  the  treatment  of  electric  and 

1810.  Brown  (1773-1858)  publishes  his  *  Prodromua  Florae  Novae  Hol- 

landia),'  &c. 

1811.  Charles  Bell  (1774-1842)  asserts  the  difference  of  sensory  and 

motor  nerves. 
1813.  Brewster  (1781-1868)  begins  his  experiments  on  refraction  and 

dispersion. 
1813.  Davy  discovers  iodine. 

1813.  Wollaston  publishes  his  synoptical  scale  of  equivalents. 

1814.  Wells  (1757-1817),  essay  on  dew. 

1815.  William  Smith  (1769-1839)  publishes  his  work  on  'Strata.' 
1815.  Brewster  gives  his  law  for  determining  the  polarising  angle. 

1815.  Leslie  (1766-1832)  experiments  on  radiant  heat  and  temperature 

of  the  earth. 

1816.  Prout  (1785-1850),  Memoir  on  the  position  of  hydrogen. 

1817.  Young  (in  a  letter  to  Arago)  suggests  transverse  vibrations  of 

light. 
1819.  Kater  (1777-1835)  measures  the  length  of  the  seconds-pendulum. 
1821.  Faraday  (1781-1867)  discovers  the  rotation  of  a  coil  round  a  fixed 

magnet. 
1821.  Brown,  monographs  on  botanical  subjects. 
1821.  Sabine  (1788-1883)  experiments  on  the  dip  of  the  magnetic 

needle. 
1823.  Rowan  Hamilton  (1805-65)  presents  his  paper  on  Caustics  to- 

the  Irisli  Academy. 

1823.  Faraday  condenses  chlorine  and  other  gases. 

1824.  Sir  J.  Herschel  (1792-1871),  observations  of  double  stars. 

1825.  Sir  J.  Herschel,  on  the  parallax  of  fixed  stars. 

^  The  two  important  generalisa-      the   Application    of   Mathematical 

tions  I  refer  to  are  contained  in  :  Analysis  to  the  Theories  of  Elec- 

1.  George  Green,  *An  Essay  on      tricity  and  Magnetism,'  published 
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magnetic  phenomena  novel  conceptions,  the  value  of 
which  other  fifty  years  have  hardly  sufficed  to  realise 
— is,  indeed,  an  extraordinary  fact  well  worthy  of  careful 
examination.  Certainly  the  language  in  which  Cuvier  • 
with  truth  congratulates  the  French  nation  on  the  pre- 
eminence which  it  has  attained  in  all  branches  of  science 
contrasts  strangely  with  the  repeated  attacks  made  in 
periodical  literature,  and  in  special  pamphlets,  on  the 
state  of  science  in  England.  And  these  not  by  persons  * 
ignorant  of  the  great  names  and  signal  achievements  just 
mentioned,  but  by  men  of  note,  occupying  all  but  the 
very  first  places  among  the  scientific  men  of  this  country. 

It  will  suffice  to  give  only  two  out  of  many  examples 
of  this  criticism. 

One  of  the  earliest  complaints  regarding  the  culture  of        5. 
higher  mathematics  in  this  country  will  be  found  in  an  ofpiayfeir. 


at  Nottingham  by  private  subscrip- 
tion in  1828.  The  term  "  potential 
function,"  to  denote  the  sum  (F) 
obtained  by  adding  together  the 
masses  of  all  the  particles  of  a 
system,  each  divided  by  its  distance 
from  a  given  point,  or  in  mathe- 
matical language   V=  f — >  occurs 

there  for  the  first  time.  See 
Green's  mathematical  papers,  ed. 
Ferrers,  1871,  p.  22.  The  function 
had  before  that  time  been  used  by 
Legendre  and  Laplace,  but  Green 
was  the  first  to  give  a  general 
mathematical  theory  of  it.  His 
essay  remained  unknown  to  the 
mathematical  world,  and  the  prin- 
cipal theorems  were  independently 
published  by  Gauss  in  his  celebrated 
essay  '  Allgemeine  Lehrsiitze  iiber 
die  im  verkehrten  Verhaltnisse  des 
Quadrats  der  Entfernung  wirken- 
den  Anziehungs-  und  Abstossungs- 
Krafte,'  1839. 


2.  W.  Rowan  Hamilton's  memoirs 
in  the  *  Philosophical  Transactions  ' 
of  1834  and  1835,  preceded  by  his 
theory  of  systems  of  rays  in  the 
'Transactions  of  the  Royal  Irish 
Academy,'  1828.  In  these  papers 
is  contained  his  celebrated  prin- 
ciple of  varying  action,  which  is  a 
development  of  Maupertuis's  prin- 
ciple of  least — or  stationary — ac- 
tion. A  great  deal  has  been  written 
on  this  principle,  which  is  now  con- 
sidered to  be  the  most  general 
principle  of  dynamics,  as  well  for 
its  mathematical  usefulness  in  cal- 
culations (see  Kirchhoff,  '  Vorlesun- 
gen  iiber  mathematische  Physik,* 
vol.  i.  pp.  28,  29),  as  from  a  phy- 
sical point  of  view  (Helmholtz, 
in  'Journal  fiir  Mathematik,'  vol. 
100).  It  has  gained  this  import- 
ance since  the  conception  of  energy, 
or  power  to  do  work,  has  been 
placed  at  the  base  of  the  theory 
of  all  physical  processes. 
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excellent  review  of  Laplace's  '  M^canique  celeste  *  by 
Playfair  in  the  '  Edinburgh  Eeview '  of  1808.^  "  In  the 
list  of  the  mathematicians  and  philosophers  to  whom  the 
science  of  astronomy  for  the  last  sixty  or  seventy  years 
has  been  indebted  for  its  improvements,  hardly  a  name 
from  Great  Britain  falls  to  be  mentioned.^  .  .  .  Nothing 
prevented  the  mathematicians  of  England  from  engaging 
in  the  question  of  the  lunar  theory,  in  which  the  interests 
of  navigation  were  deeply  involved,  but  the  consciousness 
that  in  the  knowledge  of  the  higher  geometry  they  were 
not  on  a  footing  with  their  brethren  on  the  Continent. 
This  is  the  conclusion  which  unavoidably  forces  itself 
upon  us.  .  .  .  We  will  venture  to  say  that  the  number 
of  those  in  this  island  who  can  read  the  *  Mecanique 
celeste '  with  any  tolerable  facility  is  small  indeed.  If 
we   reckon   two   or   three  in  London   and   the  military 


^  *  Edinburgh  Review,'  vol.  ii.  p. 
279,  &c.  John  Playfau-  (1748-1819) 
was  a  native  of  Forfarshire,  and 
Professor  of  Mathematics,  and  later 
of  Natural  Philosophy,  at  the  Uni- 
versity of  Edinburgh.  "Playfair 
was  struck  with  the  backwardness 
of  the  English  mathematicians  in 
adopting  the  results  of  the  Conti- 
nental analysts.  While  they  boasted 
of  Newton,  they  were  unable  to 
follow  him,  and  the  mantle  of 
Newton  had  indeed  passed  over  to 
France,  where  it  rested  ultimately 
on  the  shoulders  of  Laplace.  Play- 
fair  accordingly  set  himself  to  dif- 
fuse among  his  countrymen  a  know- 
ledge of  the  progress  which  science 
had  been  making  abroad.  This  he 
did  in  a  variety  of  ways, — by  his 
articles  in  the  '  Encyclopaedia  Brit- 
annica,'  by  his  papers  in  the  Trans- 
actions of  learned  societies,  by  his 
articles  in  the  *  Edinburgh  Review,' 
and  by  his  class-teaching.    As  David 


Gregory  introduced  the  Newtonian 
philosophy,  so  Playfair  introduced 
the  Continental  methods  into  the 
studies  of  the  University  of  Edin- 
burgh "  (Sir  A.  Grant,  *  The  Story 
of  the  University  of  Edinburgh,' 
vol.  ii.  p.  302). 

^  Playfair  here  excepts  his  country- 
man, Colin  Maclaurin  (1698-1746), 
' '  in  whose  time  the  teaching  of 
mathematics  at  Edinburgh  reached 
a  point  which  it  cannot  be  said  to 
have  yet  surpassed"  (ibid.,  vol.  ii, 
p.  299  ;  cf.  also  vol.  i.  p.  271,  where 
a  programme  published  in  1741  is 
given  of  the  mathematical  and  phy- 
sical lectures  at  Edinburgh,  which 
surpassed  probably  at  that  time 
the  teaching  of  any  other  English 
or  Continental  university).  Play- 
fair might  have  excepted  also  Ivory 
and  the  Englishman  Landen,  both 
of  whom  were  well  known  among 
Continental  mathematicians. 


<. 


h 


6. 


schools  in  its  vicinity,  the  same  number  at  each  of  the 
two  English  universities,  and  perhaps  four  in  Scotland, 
we  shall  hardly  exceed  a  dozen,  and  yet  we  are  fully 
persuaded  that  our  reckoning  is  beyond  the  truth." 
The  other  opinion  I  am  going  to  quote  dates  from  more 

^  ,         &        &         U  Babbage's 

than  twenty  years  later,  and  is  contained  in  a  pamphlet  by  criticisms. 
Charles  Babbage,^  who  with  Herschel  and  Peacock  had 
done  much  to  introduce  at  the  University  of  Cambridge 
that  knowledge  of  Continental  mathematics  which,  accord- 
ing to  the  Edinburgh  Eeviewer,  was  so  much  needed.  His 
'Decline  of  the  State  of  Science  in  England'  (1830)  was 
directed  mainly  against  the  Eoyal  Society,  as  the  review 


1  Charles  Babbage  (1792-1871),  a 
native  of  Devonshire,  well  known 
all  over  Europe  through  his  calcu- 
lating machine,  was  a  very  remark- 
able and  original  man.  He  lived 
during  the  age  when  the  appli- 
cation of  machinery  to  manufac- 
tures, trades,  and  arts  produced 
the  great  reform  in  the  industrial 
system  of  this  country,  and  his 
talents,  which  might  well  have 
been  employed  in  promoting  pure 
science,  were  largely  spent  in  solv- 
ing problems  of  practical  interest. 
An  account  of  these  several  pur- 
suits and  schemes  is  given  in  his 

*  Passages  from  the  life  of  a  Philos- 
opher,' London,  1864.  Of  his 
analytical  machine  we  shall  have 
occasion  to  speak  hereafter  (see  p. 
248).  Of  the  beginnings  of  the 
new  school  of  mathematics  at  Cam- 
bridge he  gives  the  following  ac- 
count (p.  27).  Having  purchased 
for  seven  guineas  a  copy  of  Lacroix's 

*  Diflferential  and  Integral  Calculus,' 
he  went  to  his  public  tutor  to  ask 
the  explanation  of  one  of  his  diflB- 
culties.  "  He  listened  to  my  ques- 
tion, said  it  would  not  be  asked  in 
the  Senate  House,  and  was  of  no 


sort  of  consequence,  and  advised 
me  to  get  up  the  earlier  subjects  of 
the  university  studies."  Repeated 
experience  of  this  kind  had  the 
effect  that  he  acquired  a  distaste 
for  the  routine  studies  of  the 
place,  and  devoured  the  ' '  papers 
of  Euler  and  other  mathemati- 
cians scattered  through  innumer- 
able volumes  of  the  Academies  of 
Petersburg,  Berlin,  and  Paris."  He 
then  perceived  "  the  superior  power 
of  the  notation  of  Leibniz."  It 
being  an  age  for  forming  societies 
for  printing  and  circulating  the 
Bible  at  Cambridge,  Babbage  con- 
ceived the  plan  of  a  society  for 
promoting  mathematical  analysis, 
and  to  parody  one  of  the  many 
advertisements  he  proposed  to  call 
it  a  society  for  promoting  "the 
Principles  of  pure  d'lBm  {d  being 
Leibniz's  symbol)  in  opposition  to 
the  dot-Sige  {dots  being  Newton's 
notation)  of  the  university."  The 
most  important  result  of  this  move- 
ment was  the  publication  in  1816 
of  a  translation  of  Lacroix's  treatise, 
and  of  two  volumes  of  examples  in 
1820. 
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of  Playfair  was  against  the  English  universities.^  "  That 
science  has  long  been  neglected  and  declining  in  England 
is  not  an  opinion  originating  with  me,  but  is  shared 
by  many,  and  has  been  expressed  by  higher  authority 
than  mine."^  The  author  then  proceeds  to  give  ex- 
tracts from  the  writings  of  Davy,  Herschel,  and  others 
on  this  subject.  "It  cannot,"  he  says,  "have  escaped 
the  attention  of  those  who  have  had  opportunities  of 
examining  the  state  of  science  in  other  countries,  that 


^  Some  of  the  causes  of  the  de- 
cline as  given  by  Babbage  are  in- 
teresting, the  more  so  if  we  remem- 
ber that  they  were  written  at  the 
period  which  marked  the  culmin- 
ation of  Wissenschaft  in  another 
country  (p.  10):  "The  pursuit 
of  science  does  not  in  England 
constitute  a  distinct  profession,  as 
it  does  in  many  other  countries. 
.  .  .  Even  men  of  sound  sense  and 
discernment  can  scarcely  find  means 
to  distinguish  between  the  posses- 
sors of  knowledge  merely  elemen- 
tary and  those  whose  acquirements 
are  of  the  highest  order.  This 
remark  applies  with  peculiar  force 
to  all  the  more  difficult  applications 
of  mathematics ;  and  the  fact  is 
calculated  to  check  the  energies  of 
those  who  only  look  to  reputation 
in  England."  In  1794  Professor 
Waring  of  Cambridge  wrote:  *'I 
have  myself  written  on  most  sub- 
jects in  pure  mathematics,  and  in 
these  books  inserted  nearly  all  the 
inventions  of  the  moderns  with 
which  I  was  acquainted  ;  .  .  .  but 
I  never  could  hear  of  any  reader 
in  England,  out  of  Cambridge,  who 
took  the  pains  to  read  and  under- 
stand what  I  have  written  ;  "  and 
"  he  then  proceeds  to  console  him- 
self under  this  neglect  in  England 
by  the  honour  conferred  on  him  by 
d'Alembert,  Euler,  and  Lagrange" 


(see  Todhunter,  'History  of  the 
Theory  of  Probability,'  p.  453). 
•Babbage  remarks  (p.  13)  that  "in 
England  the  profession  of  the  law 
is  that  which  seems  to  hold  out  the 
strongest  attraction  to  talent,"  that 
science  is  pursued  as  a  favourite 
pastime,  and  that  mathematics  "  re- 
quire such  overwhelming  attention 
that  they  can  only  be  pursued  by 
those  whose  leisure  is  undisturbed 
by  other  claims."  "By  a  destruc- 
tive misapplication  of  talent  we  ex- 
change a  profound  philosopher  for 
but  a  tolerable  lawyer  "  (p.  37). 

'^  One  of  the  causes  given  by  the 
Edinburgh  Reviewer  of  1822  (vol. 
xxxvii.  p.  222)  is  the  following : 
'  "  In  Cambridge  there  must  always 
be  a  great  number  of  men  devoted 
to  scientific  pursuits  ;  but  from  the 
want  both  of  the  facilities  and  the 
excitements  furnished  by  such  an 
association,  apt  to  lose  the  spirit  of 
original  investigation, — a  remark 
peculiarly  applicable  to  those  young 
men  who  yearly  distinguish  them- 
selves in  the  favourite  studies  of 
the  University,  and  who,  after  the 
laborious  course  of  discipline  by 
which  they  have  attained  the  first 
object  of  their  ambition,  are  prone, 
if  left  alone,  to  become  the  mere 
instruments  for  enabling  others  to 
pursue  the  same  course." 
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in  England,  particularly  with  respect  to  the  more  difficult 
and  abstract  sciences,  we  are  much  below  other  nations, 
not  merely  of  equal  rank,  but  below  several  even  of 
inferior  power." 

"  It  is,"  says  the  Edinburgh  Eeviewer  of  1816,^  "  cer-  • 
tainly  a  curious  problem  with  respect  to  national  genius, 
whence  it  arises  that  the  country  in  Europe  most  gener- 
ally acknowledged  to  abound  in  men  of  strong  intellect 
and  sound  judgment  should  for  the  last  seventy  or  eighty 
years  have  been  inferior  to  so  many  of  its  neighbours  in 
the  cultivation  of  that  science  which  requires  the  most 
steady  and  greatest  exertions  of  understanding,  and  that 
this  relaxation  should  immediately  follow  the  period  when 
the  greatest  of  all  mathematical  discoveries  had  been  made 
in  that  same  country." 

It  must  be  said  that  these  opinions,  expressed  as  they        7. 

^  .      Foreign 

were  by  men  of  the  highest  attainments,  did  not  remain  opinions  on 
unchallenged  at  home  or  unnoticed  abroad.     It  will  be  science, 
interesting  to  see  how  they  have  been  met.     Let  us  first 
hear  what  Cuvier  says  in  his  filoge  of  Sir  Joseph  Banks 
in  1821 2  regarding  the  work  of  the  Royal  Society  during 
the  period  of  forty-one  years  of  his  presidency  :  "  During      • 
this  period,  so  memorable  in  the  history  of  the  human 
mind,  English  philosophers  have  taken  a  part  as  glorious 
as  that  of  any  other  nation  in  those  labours  of  the  intel- 
lect which  are  common  to  all  civilised  peoples :  they  have 
faced  the  icy  regions  of  both  poles ;  they  have  left  no 
corner  unvisited  in  the  two  oceans ;  they  have  increased 
tenfold  the  catalogue  of  the  kingdoms  of  nature;  the 

* '  Edinburgh  Review,'  1816,  vol.  ^  gee  Cuvier,  *  l&loges  historiques,' 

xxvii.  p.  98.  vol.  iii.  p.  79. 
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heavens  have  been  peopled  by  them  with  planets,  with 
satellites,  with  unheard-of  phenomena;  they  have  counted, 
so  to  speak,  the  stars  of  the  Milky  Way :  if  chemistry  has 
assumed  a  new  aspect,  the  facts  which  they  have  furnished 
have  mainly  contributed  to  this  change :  inflammable  air, 
pure  air,  phlogisticated  air,  are  due  to  them ;  they  have 
discovered  how  to  decompose  water ;  new  metals  in  great 
number  are  the  outcome  of  their  analysis ;  the  nature  of 
the  fixed  alkalis  has  been  demonstrated  by  none  but 
them-;  mechanics  at  their  call  have  worked  miracles,  and 
have  placed  their  country  above  others  in  nearly  every 
line  of  manufacture."  Another  foreigner.  Professor  Moll 
of  Utrecht,  remarked  in  his  reply  to  Mr  Babbage's 
pamphlet^:  "If  Mr  Herschel  and  some  of  his  friends 


^  The  pamphlet  was  entitled  '  On 
the  alleged  Decline  of   Science  in 
England.'     By  a  Foreigner.     Lon^ 
don,  1831.     It  was  by  Dr  Moll  of 
Utrecht,  and  was  introduced  by  a 
few  lines  from  Faraday,  who,  with- 
out taking  any  side  in  the  question, 
remarked  that  "  all  must  allow  that 
it  is  an  extraordinary  circumstance 
for   English   character    to    be    at- 
tacked by  natives  and  defended  by 
foreigners."     In  the  discussion  on 
the  subject  by  this  writer,  as  also 
by    Babbage,    Herschel,    Playfair, 
Whewell — pro  and   con. — a   good 
many    points    of    importance    are 
brought   out:    some   of   them   are 
still    interesting,    others    refer    to 
defects    which    have     since    been 
remedied.      I  will  mention  a  few 
of  them.     Playfair,  in  the  'Edin- 
burgh  Review'  (vol.  xxxi.  p.  393, 
1819),  thinks  that  the  "very  ex- 
tensive   dissemination    of    general 
knowledge,  which  is  so  much  the 
case  over  the  whole  of  this  king- 
dom," is  against  the  advancement 
of  the  higher  branches  of  mathe- 


*  matics.      This   refers   probably   to 
the  absence  of  periodicals  devoted 
to    special    sciences,   such   as    the 
*  Annales  de  Chimie  et  de  Physique,* 
published  by  Arago  and  Gay-Lussac 
'  in  France.     In  the  absence  of  these 
special  organs,  memoirs  of  original 
value,    which    marked    an    era   in 
special  researches,   were   scattered 
in     general     literary     reviews,    as 
Young's  on  Light  and  Hieroglyphics 
in  the  'Quarterly,'  Herschel's  and 
Airy's  in  the  *  Encyclopaedia  Metro- 
politana ' ;  and  much  good  mathe- 
matics was  buried  in  the  '  Ladies' 
Diary  '  among  poetry  of  the  "  worst 
taste"  and  "childish  scraps  of  litera- 
ture and  philosophy  "  ('Edin.  Rev.,' 
vol.    ii.    p.    282,   1808).      Another 
point  is  that    "the   researches   of 
English  men  of  science  have  been 
too  much  insulated  from  each  other 
and  from  what  is  doing  in  other 
countries"    (Whewell    to    Vernon 
Harcourt,  1831  ;  see  Life  by  Tod- 
hunter,  vol  ii.  p.  126).    The  British 
Association,  which  was  founded  very 
much  as  a  result  of  this  agitation, 
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have  such  a  poor  opinion  of  the  English  scientific  journals, 
a  different  judgment  is  entertained  abroad,  as  is  well 
proved  by  the  eagerness  with  which  the  German  journal- 
ists seize  upon  every  article  issuing  from  the  presses  of 
their  British  colleagues.  The  value  which  is  set  in 
Germany  upon  the  scientific  pursuits  of  the  English, 
the  rapidity  with  which  translations  are  made  in  Germany 
of  whatever  English  philosophers  of  some  reputation  pub- 
lish, shows  abundantly  that  in  that  country  at  least,  in 
docta  Germania,  a  far  greater  value  is  set  upon  the  pro- 
ductions of  English  science  than  is  done  by  Mr  Herschel 
and  his  friends."  ^ 


has  remedied  this  defect;  and  special 
periodicals  exist  now  in  multitudes ; 
but  who  could  say  that  a  third 
point  has  been  sufficiently  attended 
to — viz.f  "  the  ignorance  of  foreign 
languages,  which  prevails  both  in 
England  and  in  France :  in  Eng- 
land the  number  of  those  who 
acquire  a  smattering  of  French  is 
very  small,  and  still  smaller  is  the 
number  of  those  who  know  enough 
of  German  to  read  a  book  in 
that  language  without  considerable 
trouble  "  (Dr  Moll,  loc.  cit,  pp.  7,  8). 
A  fourth  defect  existing  at  that  time 
is  worth  mentioning,  as  we  have  long 
left  the  age  of  such  drawbacks  ;  it 
**is  the  high  price  in  England  of 
foreign  books,  in  consequence  of  an 
importation  duty."  The  paper 
duties  were  repealed  in  1861. 

^  Moll,  loc.  ciL,  p.  7.  Another  pas- 
sage is  of  interest,  as  bearing  upon 
the  difiference  between  the  culture  of 
science  in  England  and  in  France : 
"  At  the  time  of  the  French  Revolu- 
tion it  so  happened,  by  the  exer- 
tions of  d'Alembert,  Clairault,  Con- 
dorcet,  and  others,  that  of  all 
sciences  mathematics  were  the 
most  fashionable.  .  .  .  With  this 
view    the     Ecole     Normale     was 


founded,  which,  though  of  short 
duration,  was  perhaps  of  more 
utility  towards  the  extension  of 
mathematical  'knowledge  than  all 
the  universities  of  Europe  together. 
It  was  there  that  Laplace,  La- 
grange, and  Monge  were  lecturers, 
and  men  like  Lacroix  among  the 
hearers.  The  study  of  classics 
having  been  in  a  great  measure 
abolished  by  the  French  Revolu- 
tion, mathematics  were  studied  in 
its  stead  ;  and  it  thus  happened 
that  a  number  of  mathematicians, 
unusually  great,  were  scattered 
over  the  soil  of  France,  and  every 
one  thought  himself  capable  de 
faire  les  x,  as  they  themselves 
called  it,  upon  any  given  subject. 
But  most  of  these  investigations 
were  all  theoretical,  and  practical 
applications  were  foregone  in  almost 
every  instance  "  (p.  11).  "  Mechan- 
ics in  particular  do  not  seem  acces- 
sible, according  to  the  tenets  of  the 
French  school,  to  any  man  not  well 
versed  in  sublime  analysis.  .  .  . 
Hence  it  arises  that  many  have 
acquired  a  profound  knowledge  of 
the  higher  branches  of  mathematics, 
whilst  the  more  elementary  part  of 
mathematics,  which  leads  to  the 
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8. 

English  re- 
plies to 
Babbage,&c. 


The  answers  to  the  challenges  of  Babbage  and  the 
Edinburgh  Keviewer  given  by  English  writers  them- 
selves cannot  on  the  whole  be  said  to  be  very  reassur- 
ing. One  of  them  counts  the  scientific  periodicals  in 
England  and  in  France,  but  omits  to  weigh  the  merit 
of  their  respective  contributions.  Another  points  to  the 
*  Ladies'  Diary/  in  which  many  curious  mathematical 
problems,  far  beyond  the  mere  elements  of  science,  are 
often  to  be  met  with.  A  third,  whilst  in  general  admit- 
ting the  correctness  of  Babbage 's  strictures,  draws  attention 
to  the  '  Penny  Magazine  '  and  the  '  Cabinet  Cyclopaedia '  as 
counterparts  in  England  of  the  Eeports  of  Cuvier  and 
9.  Berzelius  abroad.  The  true  position  was  probably  recog- 
of  the  Brit-   niscd  bv  the  founders  of  the  British  Association  tor  the 

ish  Associ- 
ation. Advancement  of  Science  about  1830,   who  saw  that,  be- 


most  useful  applications,  is  far  less 
diffused  in  France  than  in  England" 
(p.  12).  **The  principle  of  the 
division  of  labour  [in  science]  is 
more  acted  upon  in  France  than  in 
England"  (p.  14). 

^  The  movement,  which  origi- 
nated in  the  circle  to  which  Bab- 
bage belonged,  was  —  as  stated 
above,  p.  42  —  to  some  extent 
copied  from  the  German  Associa- 
tion founded  by  Oken  in  1822.  The 
latter  acquired  a  kind  of  European 
renown  through  the  exertions  of 
Humboldt  in  1828,  who  succeeded 
in  attracting  a  considerable  number 
of  celebrities — such  as  Gauss,  Ber- 
zelius, Oersted t, — who  for  them- 
selves preferred  a  solitary  to  a  "  gre- 
garious "  mode  of  science.  Babbage 
was  a  guest  at  this  meeting  at  Ber- 
lin, and  gave  an  account  of  it  in  an 
appendix  to  the  'Decline  of  Science.' 
A  good  account  of  the  character 
and  gradually  declining  influence 
of  these  German  meetings  will  be 
found  in  Bruhns'   '  Life  of  Hum- 


boldt* (vol.  ii.  p.  127,  &c.,  transla- 
tion).   They  "  degenerated  after  the 
usual  German  fashion  into  the  un- 
intellectual  form  of  feasting."    The 
British  Association  for  the  Advance- 
ment of   Science,  founded  shortly 
afterwards  on  the  27th  September 
1831  at  York,  was  the  immediate 
outcome    of   a   suggestion    thrown 
out  by  Brewster  at  the  end  of  a 
review  in  the  'Quarterly'  of  Bab- 
bage's   'Decline   of   Science.'      He 
fully  endorsed  the  latter's  opinion, 
and  was  even  more  severe  upon  the 
universities,  maintaining  "  that  the 
great    inventions    and    discoveries 
which  have  been  made  in  England 
during  the  last  century  have  been 
made  without  the  precincts  of  our 
universities.     In  proof  of  this  we 
have  only  to  recall  the  labours  of 
Bradley,  DoUond,  Priestley,  Caven- 
dish,  Maskelyne,  Rumford,  Watt, 
Wollaston,  Young,  Davy,  and  Che- 
venix ;    and  among  the  living   to 
mention  the  names  of  Dalton,  Ivory, 
Brown,  Hatchett,  Pond,  Herschel, 
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sides  a  number  of  separate  societies,  "  concentration  was 
needed  in  one  association  in  order  to  give  more  systematic 
direction  to  scientific  inquiry,  and  that  the  first  thing 
needed  would  be  to  procure  reports  on  the  state  and  the 
desiderata  of  the  several  branches  of  science."  Babbage, 
at  the  Oxford  meeting  in  1832,  "expressed  the  general 
feeling  that  meetings  should  be  held  in  places  likely  to 
bring  science  into  contact  with  that  practical  knowledge 
on  which  the  wealth  of  the  country  depends."  There  is 
also  no  doubt  that  in  the  course  of  half  a  century  the 
British  Association  has  done  a  very  extensive  service 
to  science  in  the  direction  of  supplying  the  wants  which 
its  early  founders  clearly  defined,  and  in  bringing  about 
that  concerted  action  and  scientific  co-operation  which  so 
highly  distinguishes  the  great  academies  and  universities  of 
France  and  Germany.^  It  has  done  so  without  altogether 
destroying  that  peculiar  feature  which  characterises  not 
only  the  scientific  but  all  the  forms  of  the  higher  mental 
work  of  this  country.  In  no  country  has  the  voice  of 
public  criticism  been  so  free  to  unveil  the  shortcomings 
which  attach  to  all — even  the  highest — human  effort.  In 
England  there  has  existed  for  a  long  time  the  habit  of 
promoting  advance  in  every  department  by  the  cultiva- 


10. 
Character- 
istics of 
higher  men- 
tal work  in 
England. 


Babbage,  Henry,  Barlow,  South, 
Faraday,  Murdoch,  and  Christie ; 
nor  need  we  have  any  hesitation 
in  adding  that  within  the  last  fif- 
teen years  not  a  single  discovery  or 
invention  of  prominent  interest  has 
been  made  in  our  colleges,  and  that 
there  is  not  one  man  in  all  the  eight 
universities  of  Great  Britain  who  is 
at  present  known  to  be  engaged  in 
any  train  of  original  research" 
('Quarterly  Review,'  vol.  xliii.  p. 
327,  1830).     He  then  suggests  "an 


association  of  our  nobility,  clergy, 
gentry,  and  philosophers  "  (p.  342). 
^  The  British  Association  has  from 
the  beginning  had  two  features  which 
did  not  exist  in  the  German  so- 
ciety—  first,  the  Reports  on  the 
position  of  various  branches  of  sci- 
ence, delivered  by  specialists  of  the 
highest  ability  ;  and,  secondly,  the 
Committees,  which  undertake  to 
do  special  work  requiring  concerted 
action. 
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11. 

Academies 
and  univer- 
sities not 
always  im- 
partiaL 


tion  of  party  spirit,  party  criticism,  and  party  shibbo- 
leths, as  the  easiest  method  of  enlisting  popular  favour  ^ 
and  individual  interest ;  for  here  there  exists  no  central 
authority  which  can  create  powerful  organisations  or  dis- 
burse public  means  without  the  distinctly  and  repeatedly 
expressed  support  of  a  large  section  of  the  people.  But 
all  this  must  not  induce  us,  in  our  historical  survey, 
to  dwell  on  the  defects  rather  than  on  the  excellence  of 
the  British  contributions  to  the  growth  and  the  diffusion 
of  science.  Brilliant  is  undoubtedly  the  array  of  British 
names  which  have  during  the  first  half  of  this  century 
become  immortal  by  scientific  labours,  and  it  would  be 
narrow-minded  simply  to  emphasise  the  fact  that  they  have 
not  done  so  by  the  same  means  and  through  the  same 
organisations  as  the  Continental  nations  have  established 
and  perfected.  For  we  must  not  forget  that  these  even, 
with  all  their  rightly  extolled  universality  and  breadth 
of  spirit,  have  sometimes  failed  to  recognise  merit  or  to 
encourage  genius.  In  spite  of  the  impartial  dealings  of 
the  Institute,  on  which  Cuvier  congratulates  the  French 
people,  there  are  several  instances  in  which  contribu- 
tions of  the  first  order  lay  unnoticed  for  many  years. 


^  Referring  to  the  British  Asso- 
ciation itself,  Charles  Lyell  wrote 
in  1838,  after  the  Newcastle  meet- 
ing, to  Charles  Darwin  :  "  Do  not 
let  any  papers,  whether  of  saints 
or  sinners,  induce  you  to  join  in 
running  down  the  British  Associa- 
tion. I  do  not  mean  to  insinuate 
that  you  ever  did  so,  but  I  have 
myself  often  seen  its  faults  in  a 
strong  light,  and  am  aware  of  what 
may  be  urged  against  philosophers 
turning  public  orators,  &c.  But  I 
am  convinced,  although  it  is  not 
the  way  I  love  to  spend  my  own 


time,  that  in  this  country  no  im- 
portance is  attached  to  any  body 
of  men  who  do  not  make  occasional 
demonstrations  of  their  strength  in 
public  meetings.  It  is  a  country 
where,  as  Tom  Moore  justly  com- 
plained, a  most  exaggerated  im- 
portance is  attached  to  the  faculty 
of  thinking  on  your  legs,  and  where, 
as  Dan  O'Connell  well  knows,  no- 
thing is  to  be  got  in  the  way  of  hom- 
age or  influence,  or  even  a  fair  share 
of  power,  without  agitation  "  (*  Life, 
Letters,  and  Journals  of  Sir  C.  Lyell,' 
London,  1881,  vol.  ii.  p.  45,  &c.) 
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Fourier's  great  work  on  the  theory  of  heat,  which  for  the       12. 

_  .  Fourier. ' 

first  time  propounded  a  universal  method  applicable  to 
the  mathematical  treatment  of  almost  every  physical 
problem,  inasmuch  as  it,  so  to  speak,  follows  nature  into 
the  marvellous  composition  of  the  many  movements  out 
of  which  all  her  phenomena  are  compounded,  lay  buried 
for  fourteen  years  in  the  archives  of  the  Institute.  That 
great  authority  had  failed  to  recognise  its  paramount 
importance.^     Fresnel's  first  memoir,  which  established       is. 

.  Fresnel. 

on  a  firm  mathematical  basis  the  undulatory  theory  of 
light,  was  for  years  left  unpublished,  whilst  the  whole 
scientific  world  was  anxiously  expecting  the  results  of 
his  inquiries.^     In  Germany  we  have  examples  of  similar 


^  Jean  Bapt.  Jos.  Fourier  (1768- 
1830),    of    humble   origin,    in    his 
celebi*ated  'Thdorie  analytique  de 
la   Chaleur'  (Paris,   1822),  and   in 
previous  memoirs,  carried  further 
the  mathematical  treatment  of  phy- 
sical   phenomena    and    introduced 
wider  conceptions  of  mathematical 
quantities  and  their  dependence — 
i.e.y  of  a  mathematical  "function." 
His  investigations  have  led  to  far- 
reaching   applications    in    physical 
science  (Ohm   and    Lord    Kelvin), 
and  to  profound  mathematical  theo- 
ries (Dirichlet,  Riemann,  &c.)     The 
so-called  "Fourier"  series  has  thus 
a  great  applied  as  well  as  theoreti- 
cal interest.     Fourier's  first  memoir 
was  presented  to  the  Institute  in 
1807  ;  an  extract  was  published  in 
1808 ;   a  second  memoir  was  pre- 
sented in  1811  and  crowned,  but 
was  not  printed  till  1824,  two  years 
after  the  great  work  itself  had  ap- 
peared.   On  the  physical  importance 
of    Fourier's    analysis    see    Helm- 
holtz,  '  Vortriige  und  Reden,*  vol.  i. 
p.    101,    &c.  ;    Sir    W.    Thomson, 
Mathematical  and  Physical  Papers, 
passim,  but  especially  vol.  ii.  p.  41, 

VOL.  I. 


&c.  On  the  purely  mathematical 
interest  that  attaches  to  the  Fou- 
rier series  see  especially  Riemann, 
*  Mathematische  Werke,'  p.  218, 
&c.  A  very  concise  summary  of 
the  history  of  the  series  is  also 
given  by  George  A.  Gibson  in  the 
'  Proceedings  of  the  Edinburgh 
Mathematicat  Society,'  vols.  xi.  and 
xii.  We  shall  revert  to  this  subject 
in  a  subsequent  chapter. 

2  Augustin  Fresnel  (1788-1827) 
divides  with  Thomas  Young  the 
merit  of  having  established  the 
undulatory  theory  of  light  on  a 
firm  basis.  His  first  memoir  on 
Diffraction  of  Light  was  presented 
to  the  Academy  in  1815,  a  more 
extensive  paper  in  1818 ;  this  was 
crowned  in  1819,  but  not  printed 
till  1826.  Other  papers  of  his 
were  mislaid  or  lost.  The  delay 
in  bringing  before  the  world  these 
important  discoveries  has  been  at- 
tributed to  the  opposition  of  La- 
place and  his  party  in  the  Institute, 
which  even  the  influence  of  Arago 
could  not  overcome.  See  what  Sir 
John  Herscliel  says  in  1827,  refer- 
ring to  Fresnel's  memoir  of  1821  on 
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Pliicker. 


discouragement  and  neglect  being  thrown  in  the  way  of 
the  growth  of  new  ideas.  Pliicker  of  Bonn  laboured  for 
many  years  on  the  union  of  the  geometrical  and  analytical 
methods  in  the  treatment  of  geometry ;  but  he  found  so 
little  appreciation  that  he  abandoned  his  investigations, 
and  only  resumed  them  when  in  after-years  a  similar  line 
of   thought  was   independently  developed  in   England.^ 


Transverse  Vibrations,  which  the 
Academy  had  recommended  to  be 
printed  :  "  We  are  sorry  to  observe 
that  this  recommendation  has  not 
yet  been  acted  upon,  and  that  this 
important  memoir,  to  the  regret 
and  disappointment  of  men  of  sci- 
ence throughout  Europe,  remains 
yet  unpublished"  ('Ency.  Metrop.,' 
article  **  Light").  A  full  account 
of  the  opposition  and  difficulties 
which  both  Young  and  Fresnel 
had  to  encounter  will  be  found  in 
Whewell's  *  History  of  the  Induc- 
tive Sciences,'  vol.  ii.  In  earlier 
times  Reaumur  seems  to  have  ex- 
ercised a  similar  tyranny  in  the 
Academy  of  Sciences :  see  Maury, 
*  Les  Academies  d'autrefois,'  vol.  i. 
pp.  280, 123;  also  Huxley,  'Critiques 
and  Addresses,'  1890,  p.  112,  &c. 

1  Julius  Pliicker  (1801-68),  pro- 
fessor at  Bonn,  equally  known  in 
England  by  his  scientific  co-opera- 
tion with  Faraday  and  by  that 
with  Cay  ley  and  Salmon,  worked 
both  in  physics  and  geometry  on 
independent  lines.  In  the  latter 
especially  he  brought  about  that 
union  of  purely  geometrical  and 
algebraic  methods  which  has  be- 
come so  fruitful  in  the  development 
of  modern  geometry  and  modern 
algebra.  He  had  two  periods  of 
original  geometrical  work.  The 
first  began  in  1826  (the  year  of 
the  revival  of  mathematics  in  Ger- 
many), and  closed  in  1846.  His 
mathematical  researches  were  little 
noticed  in  his  own  country,  where- 
as  in   France,   and   still  more   in 


England,  his  name  was  well  known. 
After  having  published  in  1846  a 
*  System  of  Geometry,'  which  con- 
tained his  former  results  in  a  more 
methodical  form,  he  dropped  his 
mathematical  researches  for  twenty 
years,  during  which  time  he  devoted 
himself  to  physical  investigations  of 
great  originality.  By  these,  if  he 
had  not  been  a  personal  friend,  he 
might  almost  have  been  called  a 
rival  of  Faraday  (G.  Chrystal  in 
*Ency.  Brit.')  During  a  visit  to 
England  in  1864  he  was  agree- 
ably surprised  to  meet  with  ap- 
preciative interest  from  English 
geometricians,  who  had  independ- 
ently worked  on  the  same  lines  as 
he  had  done  twenty  years  earlier. 
He  was  thus  induced  to  resume  his 
favourite  studies,  and  to  develop  an 
idea  which  had  already  been  expres- 
sed in  his  last-named  work  of  1846. 
This  led  to  a  new  fundamental  con- 
ception of  geometrical  forms,  in 
which  not  the  point  but  the  line 
is  the  element  of  space.  He  was 
not  spared  to  complete  this  line- 
geometry,  but  after  his  death  his 
pupils  found  sufficient  material  to 
put  his  researches  into  a  systematic 
form  under  the  title,  'Neue  Geo- 
metrie  des  Raumes,  gegriindet  auf 
die  Betrachtung  der  geraden  Linie 
als  Raumelement'  (Leipzig,  1868 
and  1869).  See  Clebsch  on  Julius 
Pliicker,  Gottingen,  1872.  A  very 
appreciative  notice  of  Pliicker,  by 
George  Chrystal,  will  be  found  in 
the  9th  edition  of  the  *  Encyclopae- 
dia Britannica. ' 
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Orassmann,  in  his  '  Ausdehnungslehre/  published  in  1844, 
is  now  generally  admitted  to  have  originated  quite  a  novel 
way  of  considering  geometrical  relations.^  It  took  twenty 
years,  however,  before  he  succeeded  in  attracting  any  at- 
tention, and  his  great  work,  of  which  the  first  edition  had 
been  sold  as  waste-paper,  was  later  on  reprinted  in  its 
original  form — mathematicians  having  now  begun  to  study 
and  recognise  its  intrinsic  value.  Such  cases  of  neglect 
have  undoubtedly  been  much  more  frequent  in  England, 
where  even  at  the  present  day  no  central  organisation 
exists  which  annually  collects  and  arranges  the  scattered 
labours  of  individual  workmen,  and  where  that  historical 
and  encyclopaedic  spirit  is  wanting  which  does  its  utmost 
to  guarantee  completeness  and  thoroughness  of  search 
and  of  research.     Men  of  the  greatest  eminence,  pioneers 


15. 
Grassmann. 


4 


16. 

Central  or- 
ganisation 
wanting  in ' 
England. 


^  Hermann  Grassmann  (1809-77) 
was  born,  lived,  and  died  at  Stettin. 
He  did  not  succeed  till  late  in  life, 
and  fully  thirty  years  after  he  had 
published  his  original  investigations 
in  geometry,  in  gaining  for  these  the 
recognition  and  appreciation  which 
they  deserved.  Neither  he  nor  even 
Jacob  Steiner  at  Berlin  attained  to 
positions  worthy  of  their  ability  ; 
the  latter,  in  spite  of  his  connec- 
tion with  other  great  mathemati- 
cians, never  filled  the  chair  of  an 
ordinary  professorship,  whilst  the 
former  never  entered  the  sphere  of 
university  teaching  at  all.  The 
*  Ausdehnungslehre,'  as  a  new 
branch  of  mathematics,  appeared 
in  1844.  It  is  a  science  of  pure 
extension,  the  application  of  which 
to  empirical  space  is  geometry. 
Similar  investigations,  in  which 
space  of  three  dimensions  is  con- 
sidered to  be  merely  a  particular  case 
of  pure  extension  of  any  number  of 
dimensions,  which  are  not  neces- 
sarily determined  by  the  same  pro- 


perties as  our  empirical  space,  have 
become  familiar  since  the  publica- 
tion of  Riemann's  celebrated  disser- 
tation of  1854  (published  in  1867), 
and  since    Helmholtz   was  led   to 
similar  investigations  by  consider- 
ing   the    different    dimensions    or 
manifoldnesses  of    our   sense   per- 
ceptions  (see   his    *Vortrage    und 
Reden,'  in  many  passages).     Grass- 
mann, who  at  the  end  of  his  life 
witnessed  the  growing  appreciation 
of  his  ideas,  had  filled  up  the  in- 
terval with  entirely  different  studies, 
the  translation  of  the  'Rig- Veda' 
(Leipzig,  1876-77),  and  the  compo- 
sition of  a  dictionary  to  the  same 
(1872-75).     He  seems  to  have  been 
the    only    mathematician,    besides 
Thomas  Young,  who  combined  the 
ability    for     exact     mathematico- 
physical  and  for  philological  studies. 
Both  can  complain  of  having  been 
very   insufficiently  appreciated   by 
their  contemporaries.     See  Victor 
Schlegel,     'Hermann    Grassmann,' 
Leipzig,  1878. 
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17. 
Thomas 
Young. 


in  their  line  of  thought  and  discovery,  have  to  the  present 
day  remained  popularly  unknown  to  their  countrymen, 
who  have  not  only  neglected  but  reviled  them,  allowing 
their  great  discoveries  to  be  taken  up  as  their  own  by 
foreicmers.  Such  was  Dr  Thomas  Young,  whom  many 
educated  persons  at  the  present  day  cannot  distinguish 
from  the  author  of  '  Night  Thoughts.' '     The  great  founder 


1  Thomas  Young  (1773-1829),  a 
native   of   Somersetshire,   attained 
equal  eminence  by  his  discoveries 
in  connection  with  the  undulatory 
theory  of  light,  in  which  he  was 
the  first  to  assert  the  principle  of 
interference  and  that  of  transverse 
vibrations,    and    by   his    discovery 
of  the  key  to  the  system  of  hiero- 
glyphics.     Of   his   discoveries  and 
suggestions  some  were  published  in 
anonymous  review  articles  (so   es- 
pecially his  hieroglyphical  papers) ; 
some  in  his  Lectures   on   Natural 
Philosophy,  delivered  early  in  the 
century  at  the  Royal  Institution, 
and  published  1807  ;    some  in  the 
*  Transactions  of  the  Royal  Society ' 
(from  1800  onwards) ;  and  some  in 
various  collective  works,  especially 
the '  Encyclopaedia  Britannica.'    The 
remarkable   fact    that    Young,    of 
whom   Helmholtz   says  ('Vortrage 
und  Reden,'  vol.  i.  p.  279)  that  he 
came    a    generation   too   soon,   re- 
mained scientifically   unrecognised 
and  popularly  almost  unknown  to 
his  countrymen,  has  been  explained 
by  his  unfortunate  manner  of  ex- 
pression and  the  peculiar  channels 
through  which  his  labours  were  an- 
nounced to  the  world.      His   fre- 
quently unintelligible  style,  his  ob- 
scure and  inelegant  mathematics, 
the  habitual  incognito  which  he  pre- 
served, his  modesty  in  replying  to 
attacks,   and   his   general  want  of 
method  in  enunciating  his  ideas,  con- 
trast very  markedly  with  the  writ- 
ings of  some  of  his  rivals,  especially 


in  France,  where  the  qualities  of 
style,   method,  and  elegance   were 
highly  developed,  and  where  recog- 
nised organs  existed  for  the  pub- 
lication of  works  of  genius.     The 
historian  of  thought,  however,  must 
not  omit  to  state  that  several  great 
names  contributed,  by  the  author- 
ity   they    commanded,    to    oppose 
Young's  claims  to  originality  and 
renown.     Lord  Brougham,  shielded 
by    the    powerful    anonymity    of 
the '  Edinburgh  Review,'  and  osten- 
tatiously parading  the  authority  of 
Newton,   submitted   the   views    of 
Young    to   a    ruthless   and   unfair 
criticism,  the  popular  influence  of 
which  Young  probably  never  over- 
came.    The  great  authority  on  op- 
tics,  Brewster,   who   has  enriched 
that  science  by  such  a  number  of 
experiments    and    observations    of 
the  first  importance,   never  really 
adopted  the  theories  of  Young  and 
Fresnel.     In  the  other  great  branch 
of    research    with    which    Young's 
name  is  now  indissolubly  connect- 
ed, in  the  science  of  hieroglyphics, 
the   authority   of  Bunsen   decided 
against  Young  and  for  the  French- 
man  ChampoUion.      But  this   de- 
cision, which  did  so  much  to  ob- 
scure  the  merits   of   Young,    was 
founded   on   an   insufficient  know- 
ledge of  the  dates  of  Young's  pub- 
lications.   Since  these  were  collect- 
ed by  Leitch  in  the  third  volume 
of  the  '  Miscellaneous  Works '  of  Dr 
Young  (London,  1855),  the  chrono- 
logy of  his  discoveries,  which  begin 


of  modern  chemistry,  who  next  to  Lavoisier  did  more 
than  any  one  else  to  introduce  into  this  science  mathe- 
matical ideas,  John  Dalton,  grew  old  and  infirm  before       is. 

.  .  .        naltoiu 

his  countrymen  sufficiently  recognised  and  honoured  him. 
Deprived  of  all  but  the  very  meanest  apparatus  for  the 
proofs  of  his  theories,  and  yet  able  to  do  what  he  did, 
what  might  not  such  a  genius  have  accomplished  if  he 
had  possessed  the  means  of  a  Gay-Lussac  or  a  Eegnault  ?  ^ 


in  1814,  has  been  well  established. 
See  Benf ey,  *  Geschichte  der  Sprach- 
wissenschaft '  (Miinchen,  1869,  p. 
729).  Bunsen  pronounced  his  ver- 
dict in  his  well-known  work, 
*  Egypt's  Place  in  Universal  His- 
tory,' published  in  1845-57.  On  the 
whole,  the  words  of  Peacock,  *  Life 
of  Dr  Young'  (London,  1855),  p. 
472,  are  still  correct :  "  His  scien- 
tific works  were  rarely  read  and 
never  appreciated  by  his  contem- 
poraries, and  even  now  are  neither 
sufficiently  known  nor  adequately 
valued  ;  whilst  if  justice  was  award- 
ed more  promptly  and  in  more  lib- 
eral measure  by  his  own  countrymen 
to  his  hieroglyphical  labours,  these 
also  were  singularly  unfortunate,  as 
far  as  concerned  the  general  diffu- 
sion of  his  fame,  by  coming  into 
collision  with  adverse  claims,  which 
were  most  unfairly  and  unscrupu- 
lously urged  in  his  own  age,  and 
not  much  less  so  by  some  distin- 
guished writers  in  very  recent 
times." 

1  John  Dalton  (1766  - 1844),  a 
native  of  Cumberland,  spent  the 
greater  part  of  his  life  in  teaching 
elementary  mathematics  at  Man- 
chester, first  at  a  college  and  then 
privately.  In  1801  he  propounded 
the  law  known  under  the  joint  name 
of  Dalton  and  Gay-Lussac  (who 
stated  it  six  months  later).  In  the 
years  immediately  following  he  ela- 
borated his  atomic  theory,  which 
was  to  account  for  the  existence  of 


those  definite  quantitative  relations 
between  the  chemical  constituents 
of  bodies  known  already  to  Richter. 
It  was  published  in  1805.  But  the 
man  who  did  most  to  make  known 
to  chemists  the  ideas  of  Dalton  was 
Thomas  Thomson  (1773-1852),  Pro- 
fessor of  Chemistry  at  Glasgow,  who 
in  1807,  in  the  3rd  edition  of  his 

*  System  of  Chemistry,'  gave  an  ac- 
count of  the  atomic  theory  based 
upon  communications  of  Dalton. 
Two    memoirs    published    in    the 

*  Philosophical  Transactions '  of 
1808 — one  by  Thomson  on  '*  Oxalic 
Acid,"  and  one  by  WoUaston  on 
"  Super- Acid  and  Sub-Acid  Salts  " 
— pointed  to  the  great  importance 
of  the  atomic  theory,  which  (Wol- 
laston  prophetically  added)  would 
not  stop  short  with  the  determin- 
ation of  the  relative  weights  of 
elementary  atoms,  but  would  have 
to  be  completed  by  a  geometrical 
conception  of  the  arrangement  of 
the  elementary  particles  in  all  the 
three  dimensions  of  solid  exten- 
sion. The  real  merit  of  having  ex- 
perimentally proved  the  theory  of 
Dalton  belongs  to  Berzelius,  whereas 
Sir  Humphry  Davy  opposed  it  for 
many  years  after  it  had  been  ac- 
cepted abroad.  Dalton  himself  by 
no  means  followed  the  development 
which  his  ideas  underwent  at  the 
hands  of  others.  For  example,  he 
opposed  Gay-Lussac's  law  of  vol- 
umes. He  was  on  the  whole  more 
successful  in  working  out  his  own 
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19. 

Faraday. 


20. 
Green. 


Faraday,  instead  of  being  backed  by  a  wealthy  Academy 
and  ample  assistance,  had  during  all  the  years  when  his 
great  discoveries  were  being  made,  to  keep  alive,  with  an 
income  scarcely  exceeding  a  hundred  pounds  a-year,  an 
institution  which  but  for  him  the  memory  even  of  such 
names  as  Eumford,  Young,  and  Davy  would  not  have 
sufficed  to  preserve  from  utter  ruin  and  collapse.^  The 
author  of  one  of  the  most  suggestive  treatises  in  the 
application  of  mathematics  to  physical  phenomena, 
George  Green,  published  it  in  1828  at  Nottingham  by 
private  subscription.  Seventeen  years  later,  William 
Thomson  (Lord  Kelvin)  tried  in  vain  to  procure  a  copy 


ideas  than  in  comprehending  those 
of  others  who,  like  Berzelius,  Mits- 
cherlich,  Laplace,  Liebig,  and  many 
later,  contributed  to  the  confirma- 
tion of  the  atomic  theory.  A  good 
account  of  this  is  given  in  Henry's 
'Life  of  Dalton'  (1854)  and  in 
Kopp's  '  Entwickelung  der  Chemie 
in  der  neueren  Zeit'  (Miinchen, 
1873). 

1  Michael  Faraday  (1791-1867), 
though  not  a  mathematician,  intro- 
duced into  the  science  of  electricity 
those  ideas  which  have  since  been 
developed  into  a  mathematical  the- 
ory approaching  in  completeness  the 
mathematics  of  the  undulatory  the- 
ory of  light.  What  the  atomic  the- 
ory has  done  for  chemistry,  Fara- 
day's lines  of  force  are  now  doing  for 
electrical  and  magnetic  phenomena. 
Dalton,  though  unacquainted  with 
the  higher  mathematics  of  the 
French  school,  had  essentially  a 
mathematical  or  arithmetical  mind. 
Faraday's  peculiar  ideas  on  the 
nature  of  electrical  and  magnetic 
action,  though  supported  by  an  ex- 
perimental knowledge  many  times 
surpassing  in  volume  and  accuracy 
that  of  Dalton,  did  not  find  much 
appreciation    among    his    contem- 


poraries.    They   were   much   more 
interested  in  his  experimental  re- 
searches than  in  his  theories.     In 
France  andjltaly  Faraday's  eminence 
was   recognised  early.     Already  in 
1823  he  was  elected  member  of  the 
Academies  of  Paris  and  Florence,, 
almost  before  any  society  at  home 
had  received  him.     "The  circum- 
stances under  which  Faraday's  work 
was   done   were   those   of   penury. 
During  a  great  part  of  the  twenty - 
six  years  the  Royal  Institution  was^ 
kept  alive  by  the   lectures   which 
Faraday   gave  for  it.      'We  were 
living,'    as    he    once    said    to    the 
managers,  'on  the  parings  of  our 
own    skin.'      He   noted   even    the 
expenditure    of    the    farthings    in 
research  and  apparatus.      He  hadl 
no  grant  from  the  Royal  Society, 
and  throughout  almost  the  whole 
of  his  time  the  fixed  income  which 
the  Institution  could  afford  to  give 
him  was  £100  a-year,  to  which  the 
Fullerian  professorship  added  nearly 
£100  more  "  (Bence  Jones,  *  Life  andl 
Letters  of  Faraday,'  London,  1870^ 
vol.   ii.   p.   344).      See  also   Bence 
Jones,    'The    Royal    Institution,,' 
p.  311. 


of  this  document,  of  which  he  knew  by  a  reference  in 
another  work.  At  last  he  got  possession  of  a  copy  which 
had  probably  during  all  this  time  been  buried  in  the 
library  of  a  prominent  mathematical  tutor  at  Cam- 
bridge, with  whom  he  had  been  in  frequent  intercourse. 
Thomson  then  took  it  with  him  to  Paris,  where  Sturm 
and  Liouville  at  once  recognised  its  merits.  He  then 
published  it  in  *  Crelle's  Journal,'  where  it  has  ever 
since  been  referred  to  as  a  fundamental  essay  on  the 
so-called  potential  theory.^  One  of  the  most  original 
thinkers  on  mathematics,  who  introduced  a  novel  prin- 
ciple into  algebraical  science,  George  Boole,  never  at-  ^n. 
tained  to  a  higher  position  than  that  of  teacher  at  a 
remote  Irish  provincial  College.^  But  perhaps  the  most 
signal    example    of    the    want    of    support    which    the 


1  See  note  1  to  p.  231  ;  also  Sir 
William  Thomson,  reprint  of  papers 
on  "Electrostatics  and  Magnet- 
ism," 2nd  ed.,  London,  1884,  p.  2, 

note  ;  p.  126,  note. 

2  George  Boole  (1815-64),  a  native 

of  Lincolnshire,  was  one  of  the  few 
gi-eat  and  original  mathematicians 
who,  like  Leibniz  and  Grassmann, 
and  to  some  extent  Gauss,  looked 
at  the  logical  as  well  as  the  purely 
arithmetical  side  of  the  language 
of  symbols.     Though  his  treatises 
on  'Differential  Equations'  (1859) 
and  on  'Finite  Differences'  (I860) 
have  become  well-known  text-books, 
and  his  'Laws  of  Thought'  (1854), 
in  which  hg  examined  the  found- 
ations of  the  mathematical  theories 
of  logic  and  probabilities,  remains  a 
unique  work,  his  principal  services 
to  science  lie  in  the   direction  of 
the  "calculus  of  operations."     In 
this  branch  of  mathematics,  which 
is   peculiar  to  England,  the   sym- 
bols indicating  an  arithmetical  op- 


eration are  separated  from  those 
denoting  quantity  and  treated   as 
distinct  objects  of  calculation.     In 
connection    with    these    investiga- 
tions,  many   of  which   have   now 
penetrated     into     ordinary     text- 
books, Boole  was  led  to   examine 
the  conditions  under  which  and  the 
forms  in  which  algebraical  expres- 
sions,   whilst   undergoing   changes 
and  transformations,  remain,  never- 
theless, unaltered  (invariant)  (1841). 
By  introducing  this  point  of  view 
he  has,  so  to  speak,  created  modern 
algebra;    founding   the    extensive 
and    fruitful    science    of    "Invari- 
ants."      Of    this    we    shall    treat 
later  on.     I  now  only  refer  to  the 
further   development  of  this   sub- 
ject in  the  hands  of  Cay  ley   and 
Sylvester,    and    to    the    valuable 
sketch  of  the  history  of  this  branch 
of  mathematics  by  Dr  F.  Mayer  in 
the  first  volume  of   the   'Jahres- 
bericht  der  deutschen  Mathemati- 
ker-Vereinigung,'  Berlin,  1892. 
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22. 

Babbage. 


wealthiest  of  nations  has  shown  to  scientific  genius  is 
to  be  found  in  the  history  of  Babbage's  calculating 
engine.  Yet  this  machine  was  approved  by  all  experts 
— English  and  foreign — during  the  inventor's  lifetime; 
and  the  Eeport  of  a  Commission  of  the  British  Asso- 
ciation appointed  specially  to  examine  into  the  matter, 
concluded  by  stating  that  the  scheme  was  perfectly  feas- 
ible, and  might,  if  carried  out,  mark  an  invention  as  great 
probably  as  that  of  logarithms.^  Who  among  us  who 
has  been  interested  in  the  promotion  of  institutions  for 
higher  education  has  not  a  story  to  tell  of  pecuniary 
troubles,  continued  through  many  a  long  year,  whilst 
the  wealth  of  the  country  seemed  to  exert  its  influence 
only  in  the  direction  of  making  the  demands  on  a  strug- 
gling establishment  more  formidable,  the  expenses  more 
difficult  to  defray  ?  ^ 


^  On  Babbage  see  p.  233,  note  1. 
The  history  of  the  *'  difference  en- 
gines "  and  the  "  analytical  engine  " 
is  given  by  Babbage  himself  in  his 
'Passages  from  the  Life  of  a  Phil- 
osopher.' See  also  "Weld,  '  History 
of  the  Royal  Society,'  vol.  ii.  p. 
369,  &c. 

-  Like  the  Royal  Society,  which 
for  a  century  had  to  struggle 
with  poverty,  the  Royal  Institu- 
tion has  a  story  to  tell  of  want 
of  funds  through  a  long  period  of 
its  early  existence.  See  Bence 
Jones,  'The  Royal  Institution,' 
London,  1871,  pp.  202,  281.  The 
Royal  Institution  was  founded  by 
Benjamin  Thomson,  Count  Rum- 
ford  (1753-1814),  and  had  origin- 
ally not  a  scientific,  hardly  even  a 
higher  educational  object.  The 
scheme  arose  in  the  mind  of  its 
founder  after  he  had  successfully 
exerted  himself  at  Munich  under 
the   patronage   of   the  Elector  of 


Bavaria  in  founding  industrial  work- 
houses, improving  the  state  of  the 
army,  and  putting  down  beggary 
and  immorality  in  the  capital  and 
country.  His  principle  was  to 
make  "  vicious  and  abandoned 
people  first  happy  and  then  virtu- 
ous" (p.  31).  After  leaving  Mun- 
ich in  1793  and  spending  two  years 
in  Italy,  similarly  occupied,  he 
visited  London  in  1795  in  order  to 
publish  his  Essays,  which  appeared 
separately  between  1796  and  1802. 
The  first  essay  contained  "  a  pro- 
posal for  forming  in  London  by 
private  subscription  an  establish- 
ment for  feeding  the  poor  and  giv- 
ing them  useful  employment,  .  .  . 
connected  with  an  institution  for 
introducing  and  bringing  forward 
into  general  use  new  inventions 
and  improvements,"  &c.,  &c.  (p. 
44).  The  first  outcome  of  this  was 
the  formation  of  a  society  for  en- 
couraging industry  and  promoting 
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But  it  is  hardly  the  duty  of  the  historian  of  thought  to 
record  that  which  belongs  more  to  the  impediments  of 
mental  progress  than  to  its  promotion,  were  it  not  that 
in  and  through  these  peculiar  circumstances  the  genius 
of  the  nation  has  developed  its  main  features,  its  strong 
character.     These  are  manifest  as  much  in  the  depart-        23. 

Character- 

ment  of  science  as  they  are  in  general  literature  and  in  isticsof 

•^  o  English 

the  institutions  of  practical  life.     British  science  through  thought. 
all   the  centuries,  since  the  time  of  Eoger  Bacon,  and 
in  spite  of  the  efforts  of  his  illustrious  namesake,  has 


the  welfare  of  the  poor.  William 
Wilberforce  was  one  of  the  original 
promoters  ;  Thomas  Bernard,  the 
founder  of  many  other  charitable 
institutions,  one  of  its  most  active 
members.  To  a  committee  of  this 
Society  Count  Rumford  submitted, 
in  1799,  his  proposals  for  forming 
the  Royal  Institution,  and  it  was 
accordingly  founded  in  February  of 
that  year  on  private  subscriptions 
of  fifty  guineas  each.  It  was  de- 
scribed as  a  "public  Institution 
for  diffusing  the  knowledge  and 
facilitating  the  general  introduc- 
tion of  useful  mechanical  inven- 
tions and  improvements,  and  for 
teaching  by  courses  of  philosophical 
lectures  and  experiments  the  appli- 
cation of  science  to  the  common 
purposes  of  life."  In  the  course  of 
a  very  few  years  the  original  char- 
acter of  the  Institution  entirely 
changed,  the  aim  of  influencing 
directly  the  condition  of  the  poor 
was  lost  sight  of,  and  little  re- 
mained besides  the  result  of  "  bring- 
ing science  into  some  degree  of 
fashion  "  and  "  affording  a  new  em- 
ployment and  amusement  to  the 
higher  classes  of  life."  The  inter- 
est of  the  Institution  for  the  his- 
tory of  thought  is  the  fact  that  in 
its  laboratory  Davy   and   Faraday 


conducted  their  researches,  and  that 
they,  as  well  as  Young,  Coleridge, 
and  Sydney  Smith,  there  delivered 
their  lectures.  And  the  history  of 
the  Royal  Institution  is  also  typical 
of  the  history  of  other  establish- 
ments for  higher  culture  in  this 
country :  it  has  been  in  its  main 
features  repeated  on  a  larger  or 
smaller  scale  in  many  provincial 
societies,  and  notably  in  the  col- 
leges of  Manchester,  Birmingham, 
Liverpool,  Newcastle,  Leeds,  Bris- 
tol, Nottingham,  &c.  Started  by 
persons  with  large  but  nevertheless 
insuflBcient  means,  or  by  subscrip- 
tions and  endowments  of  moderate 
extent,  obliged  to  gain  popularity 
and  fashionable  support  in  order  to 
meet  their  growing  expenses,  these 
institutions  have  depended  mostly 
on  individual  energy  for  their  first 
successes,  and  have  all  had  to  pass 
through  periods  of  great  difl&culty, 
till  in  course  of  years  they  have 
acquired  a  special  character  of  use- 
fulness and  defined  their  peculiar 
sphere  of  action.  The  absence  of 
a  definite  programme  and  a  great 
waste  of  energy  and  funds  over 
special  departures  are  not  un- 
common features  of  these  develop- 
ments. 


24. 
Absence  of 
schools  of 
scientific 
thought.  ■ 
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refused  to  congregate  in  distinct  schools  and  institutions 
or  to  be  localised  in  definite  centres.  The  Eoyal  Society, 
the  Eoyal  Institution,  the  British  Association,  and  many 
other  smaller  societies,  have  all  more  or  less  started  with 
the  programme  of  Lord  Bacon,  and  have  failed  to  realise 
it :  everywhere  the  schemes  of  co-operation  or  organised 
scientific  research  have  encountered  the  opposition  of 
individual  pursuits  or  of  local  interests. 

Newton  could  not  secure  the  use  of  Flamsteed's  obser- 
vations, which  on  their  part  remained  uncompleted  and 
unpublished  through  the  want  of  appreciation  of  others. 
Great  schemes  in  practical  life  have  been  carried  out 
by  the  unaided  efforts  of  eminent  persons,  and  great 
ideas  have  been  put  forward  with  all  the  power  and 
all  the  resources  of  individual  genius,^  but  no  great 
master  in  scientific  research  in  this  country  can  point 
to  a  compact  following  of  pupils — to  a  school  which 
undertakes  to  finish  what  the  master  has  begun,  to  carry 
his  ideas  into  far  regions  and  outlying  fields  of  research,, 
or  to  draw  their  remoter  consequences.  Newtonianism 
was  a  creation  of  Voltaire ;  the  school  of  Locke  is  to  be 
found  in  France ;  the  best  realisation  of  Bacon's  schemes 
are  the  EncyclopMie,  the  French  Institute,  and  the 
foreign  Academies.^     Dr  Young's   discoveries  in  optica 


^  See  Huxley,  'Lay  Sermons, 
&c.,*  edition  of  1891,  p.  43  :  "Eng- 
land can  show  now,  as  she  has  been 
able  to  show  in  every  generation 
since  civilisation  spread  over  the 
West,  individual  men  who  hold 
their  own  against  the  world,  and 
keep  alive  the  old  tradition  of  her 
intellectual  eminence.  But  in  the 
majority  of  cases  these  men  are 
what  they  are  in  virtue  of  their 


native  intellectual  force,  and  of  a 
strength  of  character  which  will 
not  recognise  impediments.  They 
are  not  trained  in  the  courts  of 
the  Temple  of  Science,  but  storm 
the  walls  of  that  edifice  in  all  sorts 
of  irregular  ways,  and  with  much 
loss  of  time  and  power,  in  order  to 
obtain  their  legitimate  positions." 
2  See  above,  pp.  34,  95. 
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and  hieroglyphics  were  made  known  to  the  learned  world 
through  his  French  contemporaries.  Dalton,^  Charles 
Bell,^  Faraday,  Darwin,  and  Maxwell,  no  less  than 
Bentley  and  Gibbon,^  have  furnished  the  text  for  lecture- 
courses  in  German  universities,  and  created  a  whole 
literature  of  pamphlets  and  scientific  memoirs.*  English 
societies  may  sometimes  honour  and  admire,  but  they  do 
not  support,  their  great  representatives,  and  these  them- 
selves often  refuse  to  be  tied  by  exclusive  academic 
duties,  still  more  by  official  restrictions.  Two  charac- 
teristics have  marked  most  of  them :  they  have,  at  all 
expense  and  sacrifice,  guarded  their  individual  freedom       25. 

_  Individual 

of  thought,  and  they  have  almost  always  shown  a  great  character 

^      '  "^  "^  °  andpracti- 

desire  to  combine  some  application  with  their  abstract  ^En°uX^ 
researches,  to  take  part  in  the  great  practical  work  of 
the  nation.  Continental  thinkers,  whose  lives  are  devoted 
to  the  realisation  of  some  great  ideal,  complain  of  the 
want  of  method,  of  the  erratic  absence  of  discipline,  which 
is  peculiar  to  English  genius.  The  fascination  which 
practical  interests  exert  in  this  country  appears  to  them 
an  absence  of  full  devotedness  to  purely  ideal  pursuits.^ 


science. 


^  See  above,  p.  245,  note. 
2  See  above,  p.  193,  note. 

*  See  above,  p.  169,  note. 

*  Germany  may  be  said  to  have 
produced  Darioinismus  in  this  cen- 
tury aa  France  created  Newtonian- 
isme  in  the  last.  Huxley  writes 
(*Life  of  Darwin,'  vol.  ii.  p.  186) : 
"None  of  us  dreamed  (in  1860) 
that  in  the  course  of  a  few  years 
the  strength  (and  perhaps  I  may 
add  the  weakness)  of  Darioinismus 
would  have  its  most  extensive  and 
most  brilliant  illustrations  in  the 
land  of  learning."  Quite  recently 
Prof.  Boltzmann  at  Munich,  and 
M.  Poincar^,  have  published  courses 


of   lectures  on  Maxwell's   electric 
theories. 

^  What  appears  irksome  to  an 
English  genius — the  red  tape  of 
academic  restrictions,  the  barriers 
of  officialism,  and  the  duties  of  the 
teacher — melted  away  in  the  glow 
of  enthusiasm  and  love  of  truth 
which  animated  the  great  leaders 
and  founders  of  university  culture 
abroad  ;  as  Goethe  has  told  us  that 
the  rigid  form  of  the  sonnet  melts 
in  the  fervour  of  the  love-song  : 

•'  Das  Allerstarrste  freudig  aufzuschmel- 

zen 
Muss  Liebesfeuer  allgewaltig  gliihen." 

— Sonette  No.  14. 
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26. 

English  pe 
cuUarities 
more  pro 


part  of  the 
century.l 


The  English  man  of  science  would  reply  that  it  is  unsafe 
to  trust  exclusively  to  the  guidance  of  a  pure  idea,  that 
the  ideality  of  German  research  has  frequently  been 
identical  with  unreality,  and  that  in  no  country  has  so 
much  time  and  power  been  frittered  away  in  following 
phantoms,  and  in  systematising  empty  notions,  as  in  the 
Land  of  the  Idea ;  but  he  would  as  readily  admit  that 
his  own  country  is  greatly  deficient  in  such  organisations 
for  combined  scientific  labour  as  exist  abroad,  and  that 
England  possesses  no  well-trained  army  of  intellectual 
workers. 

These  differences  between  English  and  Continental 
science  were  most  pronounced  in  the  first  half  of  the 
dSS*^^ri  present  century,  when  Germany  developed  her  university 
system,  when  France  clearly  defined  the  exact  scientific 
methods,  and  when  the  encyclopaedic  view — peculiar  to 
the  historical  and  philosophical  pursuits  of  the  earlier 
years — gradually  became  dominant  in  the  exact  sciences 
also.  Since  then  the  intercourse  of  the  different  nations 
has  done  much  to  destroy  these  national  peculiarities. 
The  reform  of  the  universities,  in  which  Germany  was 
engaged  in  the  early  years  of  the  century,  did  not  touch 
the  English  universities  before  the  middle  of  the  century. 
In  the  meantime  quite  different  demands  had  sprung  up 
all  through  the  civilised  world ;  and  as  nothing  repeats 
itself  in  history,  it  will  be  impossible  to  reach  in  this 
■country  the  same  broad  organisation  for  purely  intellec- 
tual work  as  Germany  can  rightly  boast  of  during  the 
period  we  are  dealing  with.  Some  persons  doubt  whether 
it  will  be  maintained  in  Germany.  It  appears  still  more 
doubtful   whether  such  an   organisation  could  now   be 


created  in  the  face  of  the  industrial  spirit  of  our  age.  Ever 
since  the  latter  half  of  the  eighteenth  century  schemes  for 
a  general  education  of  the  masses  have  attracted  the 
thought  and  the  attention  of  philanthropists  and  states- 
men in  many  countries  of  Europe.  But  the  directions 
taken  by  these  educational  efforts  have  been  character- 
istically different  in  the  different  countries,  and  their  suc- 
cess, so  far  as  the  great  masses  of  the  people  are  con- 
cerned, has  been  very  partial  indeed.  It  is  true  that 
during  the  first  thirty  years  no  country  possessed  such 
distinguished  schools  of  science  as  did  France  in  the  great 
scientific  and  medical  institutions  of  her  capital.  It  is 
also  true  that  no  country  equalled  Germany  in  her  system 
of  universities  and  higher  schools,  which  had  come  under 
the  influence  of  classical  learning  and  philosophical  ideals. 
England,  which  at  that  time  took  no  part  in  the  educa- 
tional movements  of  the  Continent,^  possessed,  neverthe- 


^  This  statement  requires  two 
qualifications.  Firstly,  both  Milton 
and  Locke  have  had  great  influ- 
ence in  spreading  enlightened  views 
regarding  the  principles  and  the 
object  of  education  in  general — 
especially  in  the  direction  of  en- 
larging the  idea  of  education,  so  as 
to  make  it  comprise  something  more 
than  merely  instruction  and  pedan- 
tic teaching.  I  cannot  find,  how- 
ever, that  in  England,  either  in  the 
direction  of  higher  university  edu- 
cation or  of  a  general  system  of 
popular  education,  their  influence 
has  been  very  marked.  Locke's 
influence  abroad,  through  his  psy- 
chological analysis  of  the  mind,  has 
been  very  considerable.  Secondly, 
in  the  direction  of  practical  educa- 
tion, of  the  endeavour  to  reach 
large  numbers  of  the  people  by 
educational  institutions,   we  must 


look  with  admiration  to  the  early 
work  done  in  Scotland,  which  in 
this  respect  somewhat  resembles 
Switzerland.  The  Scotch  system  of 
parochial  schools,  and  their  influence 
on  the  education  of  the  people, 
has  been  too  little  studied  abroad, 
though  rightly  extolled  at  home.  It 
is  true  that,  with  the  exception  of 
Calvin,  none  of  the  great  Continen- 
tal educationalists— such  as  F^ne- 
lon,  Rousseau,  Pestalozzi,  or  W. 
von  Humboldt — have  had  any  di- 
rect influence  on  Scotland  ;  nor  has 
the  educational  work  of  Scotland 
produced  any  great  educational 
literature  like  that  which  Switzer- 
land can  boast  '.of,  and  which  has 
brought  the  theory  of  education 
so  prominently  before  the  world. 
But  nevertheless  there  it  stands, 
this  creation  of  John  Knox  and 
the  early  Reformers.      "Civilised 
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27. 

Unique 


less,  something  peculiar   in   her   two  great  universities, 
character  of  It  was  neither  the  scientific,  nor  the  classical,  nor  the 

English  uni- 
versities,     philosophical  spirit  exclusively  which  reigned  there ;  if 

any  or  all  of  them  had  ruled,  we  should  not  meet  with 

those  repeated  complaints  that  higher  mathematics  were 

absent  in  Cambridge,  that  no  philological  studies  were 

cultivated  in  either  of  the  universities,  and  that  philosophy 

was  represented  merely  by  Aristotle,  Butler,  Locke,  and 

Paley.^    According  to  the  representatives  of  the  university 


Europe  has  never  witnessed  a  nobler 
spectacle  than  the  first  Protestants 
of  Scotland  in  the  assembly  of  the 
nation  demanding  that  from  the 
funds  before  abused  by  a  licentious 
superstition  one  -  third  should  be 
devoted,  not  to  increase  the  rev- 
enue of  the  Reformed  Church,  but 
to  the  education,  the  universal  edu- 
cation, of  the  youth  in  all  depart- 
ments of  instruction,  from  the  high- 
est to  the  lowest"  ('North  Brit. 
Rev.,'  12,  p.  483). 

^  As  to  the  deficient  mathemati- 
cal teaching  at  Cambridge,  see  p. 
233,  note,  &c.  The  complaints  re- 
garding the  teaching  of  other  sub- 
jects are  frequent,  but  belong  to  a 
later  date,  the  middle  of  the  century, 
when  the  Royal  Commission  of  In- 
quiry, which  was  appointed  under 
the  Government  of  Lord  John  Rus- 
sell on  the  31st  August  1850  and 
expired  with  the  presentation  of  its 
report  on  the  30th  August  1852, 
attracted  the  attention  of  the  pub- 
lic to  university  reform,  and  gave 
rise  to  a  very  full  discussion  of  the 
whole  subject  in  the  various  liter- 
ary papers  and  reviews.  The  two 
older  universities  are  called  "cita- 
dels of  political  prejudice  and  sec- 
tarian exclusiveness,  instead  of  be- 
ing the  temples  of  liberal  arts  and 
the  repositories  of  science"  ('Brit. 
Quart.  Review,'  1860,  July,  p.  205). 
Theology  is  stated  to  be  * '  the  last 


thing  taught  at  Cambridge  "  (ibid. , 
p.  221);  there  was  no  professor  of 
Latin,  none  of  English  literature, 
of  logic  and  metaphysics,  of  modern 
languages  (p.  225).  In  1849  Cam- 
bridge had  no  laboratory  ;  the  uni- 
versities took  no  part  in  the  legal 
training  of  lawyers  ('Edin.  Rev.,' 
April  1849,  p.  511) ;  Oxford  afforded 
no  training  in  natural  science  (ibid.) 
Cambridge  "  sacrificed  to  the  mon- 
opoly of  a  severe  geometry  every 
other  exercise  and  attainment  of 
the  human  mind.  There  was  no 
theological  study,  no  study  of  his- 
tory, none  of  moral  science,  none  of 
chemistry,  none  even  of  experi- 
mental philosophy"  (ibid.,  p.  514). 
These  criticisms  were  fully  justified 
by  the  Reports  of  the  Commissions 
published  in  1 852.  See  on  the  teach- 
ing of  Theology  at  Cambridge,  Re- 
port, pp.  89, 102  ;  Evidence,  pp.  88, 
168,  190,  216  :  on  the  teaching  of 
Latin,  Rep. ,  pp.  98,  102  ;  Evid.,  pp. 
165,  176,  289  :  on  the  teaching  of 
English,  Evid.,  pp.  124, 136  :  of  mo- 
dern Languages,  Rep.,  pp.  26,  101  ; 
Evid.,  pp.  16.5,  216,  300:  of  Law, 
Rep.,  pp.  35,  182  ;  Evid.,  pp.  123, 
190  :  of  Natural  Sciences,  Evid.,  p. 
115,  &c.  In  1874  the  'Edinburgh 
Review '  could  point  out  that  during 
twenty  years,  whilst  the  examination 
for  the  Indian  Civil  Service  had  been 
thrown  open,  the  English  universi- 
ties had  practically  contributed  no 
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system,  what  England  did  possess  was  the  ideal  of  a  liberal       28. 
education.     But  none  of  these  three  forms  of  intellectual  Liberal  Edu- 

cation. 

training — neither  the  scientific  in  Paris,  nor  the  classical 
in  Germany,  still  less  the  liberal  in  England — touched 
the  great  masses  of  the  people.  They  all  did  good  work 
in  their  respective  lines ;  but  they  left,  or  would  by  them- 
selves have  left,  the  country  in  darkness.  The  begin- 
nings of  general  popular  education  are  to  be  traced 
independently  in  Switzerland,  in  Scotland,  and  in  many 
of  the  small  States  of  Germany.^     The  great  scientific 


candidates  to  the  competition  (April 
1874,  p.  342).  "  Nothing  about  uni- 
versity life  was  more  striking"  to 
the  Edinburgh  Reviewer  "than  the 
contrast  between  the  efforts  and 
the  high  aims  of  the  few,  the 
culture  and  solid  result  achieved 
by  them — and  the  utter  uselessness 
of  it  to  the  many  "  (p.  354).  The 
*  Quarterly  Review '  of  June  1826 
notes  '*  a  growing  taste  for  the 
cultivation  of  physical  science  as 
characteristic  of  the  state  of  the 
public  mind  in  England"  (p.  159), 
and  refers  to  the  "  measures  which 
have  been  carried  into  efiect 
throughout  the  country  with  great 
harmony  of  design,  although  chiefly 
by  the  unassisted  exertions  of  pri- 
vate individuals,  .  .  .  the  recent 
establishment  of  numerous  literary 
and  philosophical  institutions  in  our 
metropolis  and  many  of  our  pro- 
vinces"  (ibid.,  p.  154). 

^  The  great  Reformers — Luther, 
Melanchthon,  Zwingli,  and  Calvin — 
alike  took  a  great  interest  in  educa- 
tion, which  they  intended  to  be  uni- 
versal and  popular.  But  their  suc- 
cess, so  far  as  the  education  of  the 
people  was  concerned,  remained 
everywhere  very  partial.  A  real  or- 
ganisation of  primary  schools  was 
not  attained.  They  prepared  for 
it  by   introducing   the   vernacular 


languages,  the  reading  of  the  Bible, 
the  popular  hymns.  Their  main 
efi'orts  lay  in  the  training  of  good 
teachers  for  church  and  schools  in 
the  reorganisation  of  what  were 
called  the  Latin  schools.  In  the 
course  of  the  sixteenth  and  seven- 
teenth centuries  the  smaller  Protes- 
tant States  of  Germany — especially 
Saxony,  Wiirtemberg,  Brunswick, 
the  northern  cities  Hamburg  and 
Liibeck — received  under  various 
forms  what  was  called  "  Eine  Kir- 
chen-  und  Schuiordnuug."  Luther's 
tract  of  the  year  1524,  addressed 
to  the  "  burgomasters  and  coun- 
cillors of  all  towns  of  the  German 
land,  that  they  should  found  and 
maintain  Christian  schools,"  was 
the  beginning  of  this  movement. 
In  Scotland  burgh  schools,  also 
grammar  (or  Latin)  schools  and 
lecture  schools,  "in  which  the 
children  were  instructed  to  -  read 
the  vernacular  language,"  existed 
long  before  the  Reformation.  But 
to  John  Knox  is  due  the  scheme 
for  popular  education  contained  in 
the  '  First  Book  of  Discipline.'  The 
parochial  schools  were  started  in 
many  instances  by  voluntary  or  ec- 
clesiastical assessment  through  the 
efforts  of  the  Reformed  clergy. 
The  foundation  of  the  subsequent 
system  of  parochial  schools  was  laid 
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schools  of  France  trained  the  civil  and  military  engin- 
eers in  that  country,  and  produced  text- books  for  the 


in  the  statute  of  1696.  It  must 
not  be  forgotten,  however,  that  the 
*' Order  of  Jesus  "  (founded  1540), 
whose  higher  educational  work  lias 
found  so  much  appreciation  from 
men  like  Sturm — the  Protestant 
educationalist  —  Lord  Bacon,  and 
Descartes  (see  the  quotations  in 
Schmidt's  '  Geschichte  der  Piidago- 
gik,'  4th  ed.,  vol.  ii.  p.  248),  was  also 
active  in  the  direction  of  popular 
and  primary  education.  In  emula- 
tion of  the  Protestant  movement, 
it  had  introduced  "school  regula- 
tions "  in  many  Catholic  countries, 
and  even  founded  a  special  order 
— the  "Patres  piarum  scholarum" 
(1600) — for  the  education  of  the 
poorer  classes  (ibid.,  p.  253).  Whe- 
ther the  statute  of  1696  is  the  ear- 
liest official  document  referring  to 
popular  education  and  providing  the 
means  of  maintaining  an  adequate 
number  of  schools  (one  in  1000  of 
population)  to  teach  the  lower 
classes,  I  cannot  say.  It  appears 
that  Duke  Ernest  of  Gotha,  in  the 
course  of  the  seventeenth  century, 
established  a  general  system  of 
primary  education  in  his  terri- 
tory which  was  '  *  quite  unique,  at 
first  ian  object  of  ridicule,  but  then 
very  soon  of  emulation"  (ibid.,  p. 
333).  The  regulations  were  cer- 
tainly most  wise  and  liberal,  and 
attendance  was  made  compulsory. 
The  question  of  popular  education 
was  taken  up  on  a  much  larger 
scale  by  Frederick  the  Great  in  the 
middle  of  the  eighteenth  century. 
The  year  1763,  which  marks  the 
end  of  the  Seven  Years'  War,  is 
also  the  year  of  an  edict  which 
forms  the  basis  of  the  regulation 
of  popular  education  for  the  whole 
monarchy :  it  establishes  village 
schools  with  compulsory  attend- 
ance. It  met  with  much  opposi- 
tion, and  its  ends  were  only  slowly 


realised,  and  only  as  training-schools, 
where  a  sufficient  number  of  teach- 
ers were  educated,  sprang  up,  and 
as  popular  school  and  story-books 
were  provided.  Campe,  with  his 
edition  of  '  Robinson  Crusoe,'  marks 
an  epoch  in  this  direction.  In  fact, 
the  cause  of  universal  popular  edu- 
cation remained  in  the  hands  of 
private  persons,  frequently  of  men 
of  great  insight  and  organising 
ability — such  as  A.  H.  Fran  eke 
(1663-1727),  the  indefatigable  friend 
of  the  poor  and  of  orphans  ;  Base- 
dow (1723-90),  the  founder  of  the 
Philanthropin  and  populariser  of 
Rousseau's  ideas ;  Von  Rochow 
(1734-1805),  the  friend  of  the  coun- 
try-folk and  founder  of  village 
schools;  Von  Felbiger  (1724-88), 
the  adviser  of  Maria  Theresa  and 
Joseph  II.,  the  organiser  of  the 
popular  educational  system  in  Aus- 
tria (1770-80) :  or  else  it  was  de- 
pendent on  the  casual  favour  of 
enlightened  princes  and  sovereigns. 
At  length,  in  the  middle  of  the 
eighteenth  century,  training-schools 
for  teachers,  so-called  "seminaries," 
were  founded  all  over  Germany.  A 
beginning  had  been  made  by  Duke 
Ernest  of  Gotha  (1601-75),  but 
had  been  neglected  like  many 
other  beginnings.  But  in  the 
second  half  of  the  eighteenth  cen- 
tury no  less  than  thirty-three  semi- 
naries were  founded  all  over  Ger- 
many, including  Austria.  For  details 
on  this  important  and  interesting 
subject,  see  the  third  volume  of 
Schmidt's  'Geschichte  der  Pada- 
gogik. '  Freytag's  '  Bilder  aus  der 
deutschen  Vergangenheit '  also  con- 
tains many  interesting  details  ;  but 
above  all  I  would  recommend  for 
the  countries  of  the  west  and  south 
of  Germany  the  valuable  reaearchea 
of  C.  T.  Perthes  contained  in  his 
'  Politische  Zustande  und  Personen 
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•^higher  scientific  training  of  the  whole  of  Europe ;  ^  but 
no  serious  effort  was  made,  during  the  brilliant  days  of 
the  First  Empire,  to  secure  for  the  nation  the  blessing  of 
a  popular  education.  This  state  of  things  continued 
under  the  Eestoration ;  the  real  beginnings  of  an  or- 
ganised primary  system  are  to  be  found  in  Guizot's 
celebrated  law  of  1833.  In  Germany  the  influence  of 
Pestalozzi  and  Zschokke  in  the  south;  of  Basedow, Francke, 
and  the  school  of  Kant  and  Herder,  and,  later,  of  Herbart 
in  the  north, — stimulated  many  Governments  to  establish 
a  system  of  popular  schools  for  the  education  of  the  masses, 
and  a  system  of  seminaries  for  the  training  of  a  popu- 
lar teaching  staff.  This  movement  was  chiefly  carried 
on  independently  of  the  reform  of  the  universities  and 
higher  schools,  over  which  the  ideal  of  Wissenschaft  ex- 
ercised a  powerful  spell.  Under  the  latter  were  trained 
the  leaders  and  higher  teachers  of  the  nation,  as  well  as 
the  members  of  the  learned  professions.  The  educational 
influence  of  this  ideal  on  the  more  gifted  among  the 
student  class  was  the  very  highest  and  best ;  but  it  hardly 


in  Deutschland  zur  Zeit  der  fran- 
zosischen  Herrschaft,'  2  vols.,  Gotha, 
1862  and  1869.  As  unfortunately 
this  work,  with  its  collection  of 
interesting  and  not  easily  accessible 
facts  referring  to  the  inner  history 
of  the  German  people,  has  no  index, 
I  give  the  following  references : 
Compulsory  education  in  Kur  Trier 
in  1712,  vol.  i.  p.  225  ;  in  Kurmainz, 
1750,  vol.  i.  p.  19 ;  popular  educa- 
tion in  Baden,  vol.  i.  p.  411 ;  in 
Bavaria,  vol.  i.  pp.  436,  467  ;  in 
Wiirtemberg,  vol.  i.  p.  637  ;  and  the 
chapter  on  Joseph  II. 's  school  re- 
form, vol.  i.  pp.  153-170.  The  sem- 
inary or  training-school  being  thus 

VOL.  I. 


the  centre  and  beginning  of  na- 
tional education  in  Germany,  as  it 
has  also,  with  a  different  constitu- 
tion, become  the  centre  of  scientific 
work  (see  p.  214,  note),  it  is  inter- 
esting to  note  that  Scotland,  so  far 
advanced  in  educational  work,  had 
no  real  training-school  for  teachers 
before  Stow  started  his  Normal 
School  in  Glasgow  (see  'Cham- 
bers's Encyclopaedia,'  art.  "Educa- 
tion"), and  that  the  "seminary" 
for  higher  scientific  work  has  to 
this  day  not  yet  been  introduced 
into  this  country. 

^  See  above,  p.  44,  note. 
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Union  of 
education 
and  instruc- 
tion. 


reached  the  multitude  of  less  gifted  minds,  who  always 
gave  themselves  to  bread-studies  ;  and  it  must  necessarily 
fail  yet  more  when  not  only  the  future  teachers  and 
leaders,  but  the  masses  of  the  nation,  flock  into  the  halls  of 
the  universities.  Imperceptibly  a  differentiation  has  taken 
place  in  Germany  between  the  educational  work  which 
was  meant  to  reach  the  people  at  large  and  the  intellectual 
instruction  of  a  select  few.  But  it  is  exactly  this  differ- 
entiation of  education  and  higher  instruction  which  the 
champions  of  a  liberal  education  in  England  have  desired 
to  avoid.^     In  France,  very  soon  after  Kousseau's  time,  dis- 


1  The  two  developments  in  Ger- 
many start  from  different  centres. 
The  purely  educational  movement 
began  in  Switzerland  with  Pestal- 
ozzi  (1746-1827).      His  forerunner 
was  Martin  Planta  (1727-1772),  his 
successors    were    legion,    all    over 
Europe,  including  sovereigns,  states- 
men, and  philosophers.     He  created 
an  enthusiasm  for  education,  which 
was  to  begin  at  home,  not  in  the 
school ;  to  depend  on  the  influence  of 
the  mother  ;  to  be  founded  on  a  re- 
ligious spirit ;  to  direct  itself  to  the 
development  of  the  body  as  much  as 
of  the  mind ;  to  rest  primarily  on  ob- 
servation and  experience,  not  mainly 
on  memory  and  learning  ;  and  then 
to  absorb  the  whole  mind  and  the 
entire  man,  not  exclusively  the  in- 
tellect.    It  was  to  begin  from  be- 
low,   not    from    above,    with    the 
people,  the  poor,  the  unfortunate 
and  deserted  ;   on  the  part  of  the 
teacher  it  was   to   be   a   sacrifice, 
an  end  in  itself,  not  a  profession. 
The  greatest  followers  of  Pestalozzi 
were  Von  Fellenberg  (1771-1844), 
the  founder  of  Hofwyl  and  other 
industrial  schools  for  poor  and  de- 
serted children  among  the  peasant 
population  of  Switzerland;  Johan- 
nes Falk  (1760-1826),  the  founder 


of  a  great  number  of  houses  for  the 
poor  and  the  fallen,  of  the  "So- 
ciety of  Friends  in  Need  "  ;   J.  H. 
Wichern  (1808-1881),  the  founder 
of  the  "Rauhe  Haus"  near  Ham- 
burg ;  lastly,  the  celebrated  Frobel 
(1782-1852,  a  native  of  Thiiringen)^ 
the  founder  of  the  Kindergarten. 
The  other — not  to  say  opposite — 
development  was  centred  in  F.  A. 
Wolf,  in  whose  school  the  ideal  of 
Wissenschaft  with  its  enormous  in-^ 
fluence    on    universities    and    high 
schools    was   elaborated.       In    the 
history  of  this  development,  with 
which   our   second    chapter    dealt, 
the    name   of   Pestalozzi  does   not 
occur.      The  term  "popular"  was 
for  a  time   banished   as    identical 
with  the  ^avavffla   of  the  ancient 
Greeks.     The  two  movements  find 
a  connecting-link  in  the  extra-aca- 
demical, the  classical  literature  of 
Germany,  notably  of   Herder  and 
Goethe,*  to    whom    we    must   add 
Fichte  and  Schleiermacher.      The 
present    age    is    working    towards 
a  fusion  of  both  interests,  of  the 
educational   and   higher    scientific, 
the  bridging  over  of  the  gap  which 
had  been  left ;   it  is  trying  to  re- 
move the  estrangement  which  ex- 
isted in  the  middle  of  the  century.. 
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cussions  on  educational  matters  confine  themselves  to  the 
ends  and  means  of  general  or  higher  instruction;^  in 


We  may  say  that  no  educational 
scheme  can  be  permanently  satis- 
factory that  does  not  regard  with 
equal  favour,  and  does  not  find  equal 
room  for,  the  two  ideals  of  Pestal- 
ozzi and  Wolf.  It  is  interesting, 
however,  to  note  that  neither  in 
Switzerland  nor  in  Scotland,  the 
two  countries  in  which  popular 
education  has  been  longest  at 
home,  do  we  find  a  really  great 
development  of  the  higher  institu- 
tions and  centres  of  learning  ;  the 
universities  in  these  two  countries 
have  always  stood  somewhat  in  the 
relation  of  higher  schools  to  the 
rest  of  the  educational  establish- 
ments ;  but  both  countries  have 
produced  and  reared  some  of  the 
greatest  geniuses  of  all  time — geni- 
uses who  have  given  to  German 
and  English  literature  and  science  a 
fame  over  the  whole  world  and  for 
all  ages  ;  they  would  have  sufficed, 
had  they  stayed  at  home,  to  form 
academies  and  universities  of  the 
first  order. 

^  Compare  chapter  i.  pp.  112, 142, 
&c.  We  are  indebted  to  France 
for  three  great  educational  influ- 
ences which  have  left  indelible  traces 
over  the  whole  domain  of  European 
thought.  These  proceed  from  the 
Paris  University,  the  model  of  higher 
education  ;  the  great  school  of  Port 
Royal,  that  model  of  secondary 
education  ;  and  the  '  Emile '  of 
Rousseau,  which  gave  to  the  edu- 
cational aspirations  of  Basedow,  of 
Kant,  and  of  Pestalozzi  a  definite 
direction.  It  has,  however,  fre- 
quently been  stated  that  the  val- 
uable side  of  Rousseau's  ideas 
was  developed  outside  of  France. 
"  C'est  une  chose  remarquable," 
says  M.  Compayrd,  "  que  I'influence 
du  philosophe  de  Geneve  se  soit 
Burtout  exerc^e  k  I'^tranger,  en 
AUemagne    et   en   Suisse"   ('His- 


to^re  critique  des  Doctrines  de 
I'Education  en  France,'  5™«  ed., 
1885,  vol.  ii.  p.  101).  "II  y  avait, 
chez  Rousseau,"  says  M.  Br^l, 
"  un  cote  g^n^reux  et  vivifiant : 
I'amour  de  I'humanit^.et  particu- 
li^rement  de  I'enfant,  la  confiance 
dans  ses  facult^s  et  le  respect  de  son 
activity  intellectuelle.  Cette  partie 
\\  qui  ^tait  le  germe  de  vie  deposd 
dans  les  oeuvres  de  Rousseau,  nous 
I'avons  laiss^e  aux  Strangers."  In 
French  writers  a  great  deal  of  dis- 
cussion is  to  be  found  on  the  differ- 
ence between  education  and  in- 
struction. Duclos  (1704-72)  in  his 
celebrated  'Considerations  sur  les 
moeurs  de  ce  sifecle '  (1751),  in 
the  second  chapter,  which  treats  of 
Education  and  Prejudice,  says :  "  On 
trouve  parmi  nous  beaucoup  d'in- 
struction  et  peu  d'^ducation.  On 
y  forme  des  savants,  des  artistes 
de  toute  esp^ce  ;  chaque  partie  des 
lettres,  des  sciences  et  des  arts  y 
est  cultivde  avec  succ^s,  par  des 
m^thodes  plus  ou  moins  conven- 
ables.  Mais  on  ne  s'est  pas  encore 
avis^  de  former  des  hommes,  c'est- 
b,  dire,  de  les  elever  respectivement 
les  uns  pour  les  autres,  de  faire- 
porter  sur  une  base  d'education 
gdn^rale  toutes  les  instructions  par- 
ticuli6res,"&c.  When  the  successive 
Governments  of  the  Revolution  took 
up  the  question  of  a  national  edu- 
cation, the  formula  of  Condorcet 
quite  inevitably  became  more  and 
more  the  leading  principle.  Con- 
dorcet distinguished  "instruction" 
— i.e.y  knowledge  positive  and  cer- 
tain, truths  of  fact  and  calculation 
— from  "education" — i.e.,  "politi- 
cal and  religious  beliefs."  He  gives 
the  State  the  power  to  extend  the 
former,  whilst  he  denies  it  the  right 
to  direct  and  dispense  the  latter  (see 
Hippeau,  *  L'Instruction  publique 
en  France  pendant  la  Revolution,*" 
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Germany,  education  and  higher  instruction  present  in- 
dependent developments;  in  England  alone  the  genius 
and  language  of  the  nation  have  refused  to  admit  of  any 
curtailment  of  the  original  sense  of  the  word.  This  con- 
tinued to  imply  a  discipline  of  the  character  as  well  as 
of  the  mind,  practical  as  well  as  intellectual  training. 
So  much  has  been  said  in  this  country  and  abroad  re- 
garding the  shortcomings  of  the  English  universities  and 
higher  schools,  that  I  feel  it  a  duty  to  point  to  the  posi- 
tive gain  which  this  ideal  of  a  liberal  education^  has 


1881,  vol.  i.  p.  xvii ;  also  Compayre, 
loc.  cit.,  vol.  ii.  p.  280,  &c.)     Every 
Government  which  has  attempted 
to  systematise,  to  centralise  educa- 
tion, has  been  forced  also  to  secu- 
larise it,  to  reduce  it  to  instruction, 
leaving  out  what  many  consider  the 
central  problem  of  education,  the 
training  of  the  character  and  the 
discipline  of  the  feelings  and  the 
heart.    Considering  the  large  organ- 
isations which  have  been  developed 
in  England  by  the  unaided  efforts 
of  working  men,  such  as  the  trade- 
unions  and  the  co-operative  societies, 
and  looking  at  the  amount  of  self- 
government,  self-control,  and  self- 
denial   which    they    demand    from 
their  members,  one  might  be  tempt- 
ed to  say  that  England  is  the  best 
educated,   though   it  may   be  the 
worst  taught  and  the  least  informed, 
of   the   three   nations   now   under 
review. 

1  The  term  "liberal  education 
has  acquired  a  peculiar  significance 
in  the  history  of  English  culture 
and  thought.  It  cannot  be  trans- 
lated  into  French  or  German  with 
any  certainty  that  the  real  signifi- 
cance of  the  term  or  the  subject 
which  it  denotes  is  conveyed.  It  is 
interesting  to  note  how  each  of  the 
three  nations  has  given  to  special 
words  of  the  once  common  Latin 


language  a  peculiar  pregnancy,  de- 
noting a  peculiar  form  of  thought 
or  culture  which  they  have  especi- 
ally  elaborated.     Thus   ** science" 
in  the  modern  sense  is  a  product  of 
French  thought,  Wissenschaft  a  pro- 
duct of  German  thought.     England 
has  reserved  to  itself  the  elabora- 
tion of  a  "  liberal  education."     I  am 
at  a  loss  how  to  translate  it  into 
French,  unless  I  am  permitted  to 
use  simply  the  word  education  in 
its  contrast  to  instruction  and  en- 
seignement,  not  as  this  was  defined 
by  Condorcet,  but  as  it  is  under- 
stood in   the   writings   of   modem 
French    educationalists,     such     as 
Grdard,     Brdal,     Compayre,     and 
others.      To  convey  the  meaning 
of  ''liberal  education"  to  a  Ger- 
man, I  would  revert  to  the  Greek 
phrase,  the  iKevdfpios  irai^eia  of  the 
post  -  classical    age.      The    fact    is 
that  down  to   the   middle  of  the 
century  the  Germans  in  discussions 
on   the  work   of    universities   and 
high  schools  always  talk  of  Wissen- 
scJiaft,  English  writers  always  talk  of 
"  liberal  education."     To  a  German 
scholar's  heart  Wissenschaft  is  dear 
beyond  anything ;    to  an   English 
university  man  it  is  "liberal  edu- 
cation."   The  former  will  sacrifice 
everything    to    Wissenschaft;    the 
latter  will  not  part  with  "liberal 


THE   SCIENTIFIC   SPIRIT   IN   ENGLAND. 


261 


been.  For  it  is  the  principal  object  of  this  work  to 
attempt  to  portray  the  actual  progress  of  thought,  the 
valuable  contributions  of  each  of  the  three  nations  to  the 


education."     In  Germany,  the  real 
home  of  the  educationalist  or  Er- 
zieher  has  not  been  the  university  ; 
the  home  of  the  man  of  science  has 
not  been  and  is  not  the  university 
in  England.     The  German  educa- 
tionalist can  point  to  a  special  crea- 
tion  of   his  own,  the    Volksschule. 
The    English   man   of  science  has 
no  organisation  to  point  to  except 
it  be  the  select  society  of  a  dozen 
great  names  of  world-wide  fame, 
corresponding  to  the  solitary  and 
unconnected  heights  of  Homer,  So- 
phocles,  Dante,    Shakespeare,   and 
Goethe  in  literature.     To  descend, 
however,  from  generalities  to  the 
real  thing,  I  give  here  some  ex- 
tracts referring  to  English  univer- 
sity life,  chosen  from  among  hun- 
dreds, all  variations  on  the   same 
theme.      Dr  Thomas  Young,  who 
knew  both    German    and   English 
universities,  having  studied  at  Got- 
tingen    and   taken    his    degree    at 
Cambridge,   was    not   indebted   to 
any  university  for  his  position  or 
his  knowledge  ;  yet  he  significantly 
defends    the    English    universities 
against  the  criticism  of  the  Edin- 
burgh Reviewer :   "  We  do  not  in- 
tend   to    imply   a   censure    of   the 
system  adopted  by  our  universities  ; 
.    .    .    for  it  must  be  remembered 
that  the  advancement  of  learning  is 
by  no  means  the  principal  object  of 
an  academical  institution  :  the  diffu- 
sion of  a  respectable  share  of  in- 
struction in  literature  and  in  the 
sciences  among  those  classes  which 
hold  the  highest  situations  and  have 
the  most  extensive  influence  in  the 
.State  is  an  object  of  more  import- 
ance to  the  public   than  the  dis- 
covery of  new   truths.    .    .    .    We 
think  that  we  have  observed  num- 
erous instances,  both  in  public  life 


and  in  the  pursuit  of  natural  know- 
ledge, in  which  great  scholars  and 
great  mathematicians  have  reasoned 
less  soundly,  although  more  ingeni- 
ously, than  others,  who,  being  some- 
what more  completely  in  the  pos- 
session of  common -sense,  .  .  .  were 
still  far  inferior  to  them  in  the  re- 
finements of  learning  or  of  science  " 
('Quarterly    Review,'    May    1810, 
reprinted  in  Miscellaneous  Works, 
vol.   i.   p.    235,  &c.)     I  shall  now 
give  a  quotation  from  an  entirely 
different  source,  from  one  who  in 
his   department  was  equally   well 
acquainted  with  German  and  Eng- 
lish thought  and  life.     In  1830  E. 
B.    Pusey   attempted    to   give   his 
friend.  Prof.   Tholuck  of  Halle,  a 
sketch  of  what  had  been  "  recently 
done  in   English   theology."      He 
begins  by  referring  to  the  "prac- 
tical character  of  the  nation  "  and 
*'  the  different  condition  of  the  uni- 
versities,"  and  then   continues  as 
follows  :  "  Few,  if  any,  of  our  writ- 
ings have  originated  in  an  abstract 
love  of  investigation  :  our  greatest 
and    some    immortal    works    have 
arisen   in   some  exigencies   of  the 
times.  ...  A  German  writes  be- 
cause he  has  something  to  say  ;  an 
Englishman  only  because  it  is,  or 
he  thinks  it  is,  needed"  ('Life  of 
Pusey,'  vol.  i.  p.  238).     The  man 
who  did  most  for  the  widening  of 
the  circle  of  university  studies  in 
England  during  the  first  half  of  the 
century  was  William  Whewell  (1794- 
1866),  whose  influence  at  Cambridge 
extended  over  more  than  a  genera- 
tion.    In  the  beginning  he  assisted 
the  movement  begun  by  Babbage, 
Herschel,   and   Peacock,   and   pub- 
lished several   text -books   on   me- 
chanics and  dynamics,  in  which  the 
influence  of  Continental,  especially 
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general  stock  of  ideal  possessions,  not  merely  to  criticise 
the  shortcomings  and  failures  of  separate  schools  of 
thought,  or  separate  sources  of  mental  development. 
Only  in  the  aggregate  of  these  different  ideals  is  to  be 
found  the  inventory  of  the  intellectual  possessions,  the 
outcome  of  the  higher  work  of  the  century. 

When  the  modern  scientific  methods  and  their  impel- 
ling force,  the  mathematical  spirit,  made  their  way  from 
France  to  Germany  during  the  first  quarter  of  the  century, 


French  models,  can  be  clearly  traced. 
Between  1830  and  1850  his  influence 
exerted  itself  in  two  directions, 
firstly  by  the  publication  of  his 
*  History  of  the  Inductive  Sciences ' 
(3  vols.  1837 ;  a  second  edition  ap- 
peared in  1847,  a  third  in  1857),  and, 
secondly,  by  a  series  of  papers  and 
pamphlets  referring  to  university 
education.  As  the  ideal  and  defini- 
tion of  this  Whewell  adopts  the  term 
"liberal  education."  The  first  of 
these  papers  appeared  in  the  '  British 
Critic'  (No.  17,  1831,  "Science  of 
the  English  Universities").  Then 
followed  in  1836  "  Thoughts  on  the 
study  of  Mathematics  "  ;  "  Addi- 
tional Thoughts,"  1836;  "On  the 
Principles  of  English  University 
Education,"  1837;  '*0f  a  Liberal 
Education  in  General"  (Part  1, 
1845  ;  Part  2,  1850  ;  Part  3,  1852). 
The  second  part  of  the  little  work  on 
Liberal  Education  gives  a  history 
of  the  various  changes  previous  to 
1850  through  which  the  University 
of  Cambridge  tried  to  meet  the 
growing  demands  of  the  times  for 
a  wider  and  more  liberal  programme 
of  higher  scientific  work.  In  these 
various  writings  the  work  of  educa- 
tion and  "  original  research"  (a  term 
introduced  by  Whewell — see  Tod- 
hunter,  '  Life  of  Dr  Whewell,*  vol.  i. 
p.  50),  the  nature  of  "  permanent" 
and  "progressive"  studies  at  the 
university,    of    "university"    and 


"  college  "  education,  of  "  tutorial " 
and  "  professorial "  teaching,  are  fully 
discussed.     In  the  course  of  thirty 
years  the  university  of  Cambridge 
added  to  the  examinations  for  ma- 
thematical honours  the  "  Classical  " 
Tripos  (1822),  the  "  Moral  Sciences  " 
Tripos  and  the  "  Natural  Sciences  " 
Tripos   (1848);    also  a   "Board  of 
Mathematical  Studies  "  (1848).    Dr 
WTiewell's  great  influence  declined 
when  in   1850  Royal  Commissions 
were   appointed   to    "inquire  into 
the  state,  discipline,   studies,  and 
revenues  of  the  universities  of  Ox- 
ford and  Cambridge."  He  "regarded 
the  Commission  as  an  unwarranted 
and  undesirable  intrusion  into  the 
affairs    of    the    university."       The 
results   of   this  inquiry  belong  to 
the   second   half   of   the  'century. 
Although    this    movement,    which 
was   brought   about   by   many   in- 
fluences, has  somewhat  changed  the 
issues,   the  central  idea  which  in 
England    tries    to    assimilate    the 
higher  work   and   thought  of   the 
nation  is  that  of  education.     The 
term  liberal  education,  which   for 
twenty  years,  from  1830  to  1850, 
formed   the  banner   of   university 
reform,  has  since  somewhat  yielded 
to  "scientific,"  and  more  recently 
to  "  technical,"  education  ;  the  in- 
fluence of  the  universities  has  gone 
out  in  the  work  of  university  exten- 
sion in  the  provincial  towns ;  still 


: 


they  there  met  with  a  powerful  intellectual  organisation, 
the  German  university  system,  in  which  classical  and  philo- 
sophical studies  had  elaborated  the  ideal  of  Wissenschaft 
— of  science  in  the  larger  sense  of  the  word.  Gradually, 
and  not  without  opposition,  the  exact  or  mathematical 
spirit  was  received  into  this  system,  and  has  since  become 
an  integral  portion  of  it.  In  England  the  older  traditions 
which  clung  to  the  two  great  universities,  and  the  higher 


the  whole  movement  can  be  de- 
fined as  an  educational  movement. 
Whereas  in  Germany  about  a  gen- 
eration earlier  the  term  Wissenschaft 
gained  the  upper  hand  and  governed 
the  intellectual  life  of  the  nation, 
purely  educational  movements  being 
separated  from  it,  in  England  the 
purely  scientific  interest  has  never 
gained  the  upper  hand,  and  can 
still  complain  of  having  nowhere  a 
full  and  complete  representation. 
Around  the  writings  of  Whewell  as 
a  centre  may  be  grouped  those  of 
A.  Sedgwick  (*  A  Discourse  on  the 
Studies  of  the  University  of  Cam- 
bridge,' 1833,  5th  ed.,  1850) ;  Sir 
Wm.     Hamilton    (articles    in    the 

*  Edinburgh  Review,'  reprinted  in 

*  Discussions  on  Philosophy,  &c.,' 
1853) ;  Sir  John  Herschel  ('A  Pre- 
liminary Discourse  on  the  Study 
of  Natural  Philosophy,'  1831)  ; 
the  criticisms  of  Lyell  ('Travels 
in  North  America,'  1845),  and  of 
the  'Edinburgh,'  'British  Quar- 
terly, '  and  *  Westminster '  Reviews 
('Edin.  Rev.,'  Ap.  1849,  Jan.  1874, 
'Brit.  Quart.,'  Nov.  1850,  'West. 
Rev.,' Jan.  1855).  Whoever  desires 
to  gain  an  insight  into  the  different, 
frequently  diametrically  opposite, 
considerations  which  moulded  and 
governed  the  reconstruction  of  the 
German  university  system  on  the 
one  side,  and  on  the  other  side 
widened  in  England  the  older  ideas 
of  university  education,  should  com- 


pare the  documents  relating  to  the 
foundation  of  the  University  at 
Berlin  in  the  beginning  of  this  cen- 
tury (collected  by  Rudolf  Kopke, 
'  Die  Griindung  der  Koniglichen 
Fried  rich- Wilhelms-Universitat  zu 
Berlin,'  Berlin,  1860)  with  the  writ- 
ings referred  to  in  this  note,  and 
centering  in  Whewell's  pamphlets 
and  essays.  The  personification  of 
the  German  scheme  was  Wilhelm 
von  Humboldt,  of  whom  Bockh 
said  in  his  '  Logos  epitaphios ' :  "  He 
was  a  veritable  statesman,  pene- 
trated and  led  by  ideas — a  states- 
man of  a  Periclean  greatness  of 
spirit.  Philosophy  and  poetry,  elo- 
quence, historical,  philological,  lin- 
guistic erudition,  were  fused  in 
him  into  undisturbed  harmony  and 
wonderful  symmetry."  The  re- 
forming and  revolutionary  ideas  of 
Fichte,  the  classical  ideals  of  Wolf, 
the  historical  interests  of  J.  Miiller 
the  historian,  the  literary  interests  of 
Schlegel,  the  philosophical  interests 
of  Schleiermacher,  were  combined  by 
Humboldt  into  a  realisable  scheme. 
Stein  said  of  him  in  1810  :  "  Prussia 
has  intrusted  the  management  of 
her  educational  and  scientific  in- 
stitutions to  a  man  possessed  of  a 
remarkable  intellect  and  of  great 
firmness  of  character,  and  who 
utilises  these  qualities  in  his  sphere 
of  action  with  glorious  loyalty" 
(ibid.,  pp.  61,  62). 
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practical  interests  of  a  select  class  which  upheld  those 
traditions,  prevented  any  of  the  Continental  ideals,  be 
it  the  philological  of  F.  A.  Wolf,  or  the  philosophical  of 
Fichte,  or  the  scientific  of  Laplace  and  Cuvier,  from 
establishing  themselves  in  the  older  seats  of  learning. 
And  they  were,  after  all,  the  only  organisations  for  higher 
culture  which  possessed  a  historical  character  and  con- 
tinuity. Around  these  centres,  partly  in  a  friendly,  more 
frequently  in  a  hostile  spirit,  other  institutions,  other 
centres  of  culture  and  learning,  had  grown  up.  Let  us 
rapidly  survey  these  more  recent  institutions.  It  is 
hardly  necessary  again  to  mention  the  Koyal  Society, 
which  was  an  early  offspring  of  the  older  universities,  a 
kind  of  overflow  of  the  scientific  interests  from  them  into 
31.        the  capital.     More  recent  was  the  Eoyal  Institution,  the 

The  Royal  -  a     i 

Institution,  creatiou  of  that  extraordinary  man,  Benjamin  Thompson, 
Count  Eumford.  Like  the  Eoyal  Society,  it  was  de- 
pendent upon  private  subscriptions  and  on  the  popular 
interest  created  by  its  lectures.  These  were  very  pro- 
miscuous, exhibiting  no  plan  or  unity.  In  the  early 
years  Dr  Young  and  Davy  lectured  there,  as  well  as 
Coleridge  and  Sydney  Smith.  Later  it  became  the  home 
of  Faraday,  and  through  him,  and  many  other  illustrious 
lecturers,  has  done  much  to  spread  a  taste  for  natural, 
especially  experimental,  science,  in  the  higher  and  cul- 
tivated classes.  It  has  been  a  means  of  diffusing  the 
scientific  taste,  more  perhaps  than  the  exact  scientific 
spirit,  in  the  stricter  sense  of  the  word.  Whilst  its 
lectures  may  have  kindled  in  many  a  young  listener  the 
love  of  scientific  work,  the  Institution  did  not  fulfil  the 
early  intention  of  its  founder,  nor  did  its  laboratory  play 
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the  part  of  some  of  the  great  laboratories  of  Paris  or  of 
Germany,  in  turning  out  a  large  number  of  well-trained 
experimentalists.  Davy  may  be  said  to  have  educated 
Faraday,  though  he  was  suspected  of  having  become 
jealous  of  him,  and  Faraday  declared  he  received  only 
one  valuable  suggestion  from  any  member  of  his  audience 
during  the  whole  course  of  his  lecturing.  It  is  the 
strongly  marked  individuality  of  all  these  great  men, 
expressed  in  their  persons,  their  lives,  and  their  works, 
rather  than  the  character  of  the  institution  itself,  which 
has  given  celebrity  and  historical  importance  to  the  Eoyal 
Institution.  John  Dalton*s  ^  position  in  the  Literary  and 
Philosophical  Society  of  Manchester  was  similar  to  that  pjl^^j^j?^ 
of  Davy  and  Faraday  in  the  Eoyal  Institution ;  and  as  ^^^  society. 
Faraday  can  in  some  sense  be  called  a  pupil  of  Davy,  so 
can  Prescott  Joule  ^  be  termed  a  pupil  of  Daltou,  whom 


r 


32. 

Manchester 


\l 


r 


il 


^  See  note,  p.  245. 

2  James  Prescott  Joule  (1818- 
89),  a  native  of  Salford,  "received 
from  Dalton  his  first  inducement 
to  undertake  the  work  of  an  ori- 
ginal scientific  investigator."  He 
was  one  of  the  first  who  tried  to 
measure  electrical  action  in  terms  of 
the  units  of  well-known  mechanical 
or  chemical  changes.  His  publica- 
tions began  in  1840.  Weber's '  Elec- 
trodynamische  Maasbestimmungen,' 
that  great  monument  of  exact  meas- 
urement, was  published  in  1846. 
Mayer's  first  publication,  contain- 
ing a  calculation  of  the  mechanical 
equivalent  of  heat,  bears  the  date 
1842.  But  the  gi-eat  publication  of 
Gauss,  in  which  he  measures  mag- 
netic action  in  ordinary  mechanical 
(or  absolute)  units,  dates  from  1832 : 
*  Intensitas  vis  magneticae  terrestris 
ad  mensuram  absolutam  revocata' 
(Comm.  Societ.,  Getting.,  1832,  &c.) 


Joule  in  1843  published  the  first 
of  his  accurate  determinations  of 
what  is  termed  in  physical  science 
"  J "  or  "  Joule's  equivalent  of 
heat."  He  read  successively  papers 
on  this  subject  before  the  meetings 
of  the  British  Association,  first  at 
Cork  (1843),  giving  the  constant 
"  J  "  as  838,  then  as  770,  then  as  890 
in  1845  (Brit.  Assoc,  at  Cambridge), 
lastly  at  Oxford  (1847)  as  781-5. 
From  this  meeting  dates  the  ac- 
quaintance and  scientific  co-opera- 
tion of  Joule  and  Thomson  (Lord 
Kelvin)  and  the  gradual  recognition 
of  the  importance  of  the  subject 
by  other  men  of  science  (see  Thom- 
son's address  on  Joule,  1893,  in 
•  Popular  Lectures  and  Addresses,' 
vol.  ii.  p.  558  sqq.)  Helmholtz's 
memoir,  "  Ueber  die  Erhaltung  der 
Kraft,"  which  was  theoretical — as 
Joule's  w^ere  experimental — dates 
also  from  1847. 
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he  succeeded  as  president  of  the  Society.  These  names 
are  identified  with  some  of  the  greatest  work  in  experi- 
mental science.  Some  of  them  may  be  said  to  be  iden- 
tified with  quite  original  theoretical  ideas  which  have 
governed  the  development  of  great  departments  of  re- 
search ever  since.  Dalton's  atomic  theory  in  chemistry, 
however,  received  a  tardy  recognition  in  England,  and 
was  firmly  established  only  by  foreign  research,  while 
Faraday's  "  lines  of  force "  remained  a  mystery  to  elec- 
tricians,^ till  William  Thomson  and  Clerk  Maxwell  made 
them  the  groundwork  of  our  most  recent  conceptions. 
It  is  well  to  note  that  neither  Young,  nor  Davy,  nor 
Faraday,  nor  Dalton,  nor  Joule  belonged  to  the  circle 
of  Cambridge  men,  and  that  probably  none  of  them  re- 
ceived any  inspiration  from  that  official  school  of  English 
mathematics.^     In  the  early  years  of  the  century  that 


1  See    Helmholtz    on    Faraday's 
ideas  in  '  Vortnige  und  Reden,'  vol. 
ii.  p.  277.     '*  Since  the  mathemati- 
cal interpretation  of  Faraday's  theo- 
rems has  been  given  by  Clerk  Max- 
well   in    methodically    elaborated 
scientific  formulse,  we  see,  indeed, 
how  much  definiteness  of  conception 
and   accurate    thought    were    con- 
tained in   Faraday's  words,  which 
seemed   to   his   contemporaries    so 
indefinite  and  obscure.     And  it  is 
indeed  remarkable  in  the  highest 
degree  to  observe  how,  by  a  kind 
of  intuition,  without  using  a  single 
formula,  he  found  out  a  number  of 
comprehensive  theorems,  which  can 
only    be    strictly    proved   by    the 
highest    powers    of    mathematical 
analysis.     I   would  not  depreciate 
Faraday's   contemporaries   because 
they   did    not    recognise    this ;     I 
know   how  often   I   found   myself 
despairingly  staring  at  his  descrip- 
tions of  lines  of  force,  their  number 


and    tension,    or    looking   for    the 
meaning  of  sentences  in  which  the 
galvanic   current   is  defined  as  an 
axis  of   force,  and  similar  things. 
A  single  remarkable  discovery  can 
indeed  be  brought  about  by  a  happy 
chance,  .  .  .  but  it  would  be  against 
all  rules  of  probability  that  a  numer- 
ous series  of  the  most  important 
discoveries,   such   as  Faraday  pro- 
duced, could  have  had  their  origin 
in  conceptions  which  did  not  really 
contain  a  correct,  though  perhaps 
deeply  hidden,  ground  of  truth." 
2  Young  resided  at  Cambridge  to 
take  his  medical  degree  on  his  re- 
turn from  Gottingen  ;  but  though 
his  biographer  has  inserted  a  chap- 
ter on  Cambridge  in  the  '  Life  of 
Young,'  and  though  Young's  first 
great  discovery,  that  of  the  inter- 
ferences of  waves  of  sound  and  light, 
fell  within  that  period,  there  is  no 
evidence  that  his  scientific  studies 
were  promoted  by  Cambridge  influ- 


centre  had,  indeed,  to  receive  aid  from  a  still  more 
secluded  and  unacademic  quarter.  Undergraduates  of 
Cambridge  used  to  migrate  from  the  seat  of  teaching 
which  has  been  immortalised  by  Newton  to  the  remote 
Yorkshire  village  of  Sedbergh,  where  John  Dawson,^  one       33. 

^  John  Daw- 

of  the  few  British  analysts  who  held  their  own  agamst  s^^f^  ^ 
the  great  foreign  authorities,  taught  the  higher  mathe- 
matics for  five  shillings  a-week. 

During  the  latter  part  of  the  eighteenth  century  a 
formidable  rival  to  the  learning  of  Oxford  and  Cambridge 
had  sprung  up  in  the  Scotch  universities.       These  were       34. 

.         The  Scotch 

teaching  centres,  more  after  the  manner  of  the  loreign  univer- 

o  '  sities. 

universities.  They  had  been  started  on  the  model  of  the 
University  of  Paris  or  of  the  older  Italian  universities ; 
some  had  their  origin  in  the  educational  movement  which, 
especially  in  those  countries  where  the  doctrines  of  Calvin 
prevailed,  accompanied  the  Keformation.^    All  through  the 


ences ;  in  fact  he  makes  a  disparaging 
remark  regardingBritish  as  compared 
with  Continental  mathematics.  See 
Peacock's  'Life  of  Dr  Young,'  p.  127. 
1  John  Dawson  (1734-1820),  the 
son  of  a  poor  "  statesman"  of  Gars- 
dale,  tended  his  father's  sheep  till 
he  was  twenty.  He  studied  mathe- 
matics with  innate  love  and  ability, 
inventing  a  system  of  conic  sec- 
tions out  of  his  own  brain.  By 
teaching  he  gained  a  little  money. 
In  1756  he  instructed  three  young 
men — of  whom  Adam  Sedgwick's 
father  was  one — before  they  went 
up  for  their  Cambridge  studies.  He 
then  became  assistant  to  a  surgeon 
at  Lancaster.  Having  saved  £100 
he  walked  to  Edinburgh  and  studied 
medicine  there.  His  funds  spent, 
he  returned  to  Sedbergh,  where  he 
practised  as  a  surgeon.  WTien  he 
had  saved  a  larger  sum  he  proceeded 


with  this  to  London.  After  tak- 
ing his  degree  in  1767,  he  settled 
in  his  native  county  to  practise  his 
profession  and  teach  the  higher 
mathematics  to  Cambridge  under- 
graduates. They  flocked  to  him 
in  the  summer,  and  between  1781 
and  1794  he  numbered  eight  senior 
wranglers  among  his  pupils.  In 
1797  and  subsequent  years  he 
counted  four  more.  In  1812  he 
ceased  teaching.  He  wrote  papers 
on  the  "  precession  "  and  the  lunar 
theory,  and  followed  the  develop- 
ment of  higher  mathematics  on  the 
Continent.  See  'Life  and  letters 
of  Adam  Sedgwick,'  by  J.  W. 
Clark  and  T.  M'K.  Hughes,  1890, 
vol.  i.  p.  61,  &c. 

2  Details  referring  to  the  founda- 
tion of  the  Scotch  universities  are 
given  by  Sir  A.  Grant  in  the  first 
volume  of  his  *  Story  of  the  Univer- 
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seventeenth  and  eighteenth  centuries  they  stood  in  inti- 
mate relations  with  such  Continental  centres  of  study  as 
Paris,  Geneva,  and  the  Dutch  universities.  Adam  Smith 
and  David  Hume  were  in  direct  and  very  intimate  inter- 
course with  French  thought,  the  former  having  obtained  in 
France  a  knowledge  of  the  novel  views  of  the  great  politi- 
cal economists  of  the  pre-revolutionary  period.  Edinburgh 
became  in  the  first  half  of  the  last  century,  under  the 
influence  of  John  Monro  and  his  son  Alexander  (1697- 
1767),  who  was  a  pupil  of  Boerhaave,  a  medical  school 
of  great  importance,  rivalling  London  in  its  foreign  rep- 


sity  of  Edinburgh,'  2  vols.,  1884. 
Three  of  them— St  Andrews,  Glas- 
gow, and  Aberdeen — were  founded 
in  the  centuiy  preceding  the  Re- 
formation ;  St  Andrews  about 
1411  by  Bishop  Wardlaw,  because 
Scotch  students  had  been  un- 
popular and  "  molested "  at  Ox- 
ford. The  University  of  Glasgow 
was  founded  in  1450,  reference 
being  made  to  the  University  of 
Bologna  in  the  Bull  of  Pope  Nicholas 

V.  ;  but  it  has  also  been  observed 
that  **the  customs  and  technical 
phraseology  showed  an  imitation  of 
the  institutes  of  Louvain,  then 
and  for  all  the  following  century 
the  model  university  of  Northern 
Europe,  of  which  a  Scotchman, 
John  Lichton,  had  been  Rector" 
(p.  21).  Aberdeen  was  started  by 
Bishop  Elphinstone,  who  had  studied 
in  Glasgow  and  Paris,  and  been  pro- 
fessor, both  there  and  at  Orleans,  of 
canon  and  civil  law.  In  the  pre- 
amble to  the  Bull  of  Pope  Alexander 

VI.  the  Universities  of  Paris  and 
Bologna  are  referred  to  (p.  29). 
But  the  universities  seem  not  to 
have  flourished  previous  to  the  Refor- 
mation, when  they  were  "  purged  " 
and  a  new  spirit  and  order  infused 
into  them.  St  Andrews  was  to  have 
four  faculties,  named  as  in  foreign 


universities — Philosophy,  Medicine, 
Law,  and  Divinity  (p.  63).     Glas- 
gow and  Aberdeen   were  to  have 
two   faculties,   of  which   the   first 
was   to    be    Philosophy   (or   Arts), 
the  second   to  comprise   Law  and 
Divinity.    The  '  Book  of  Discipline ' 
contained  a  very  complete  scheme 
of   higher  graded  education  ;    but 
this  was   only  gradually  and  par- 
tially  realised ;    secondary   schools 
being  wanting,  the  "  colleges  "  had 
to  descend  to  elementary  teaching 
(p.  67).     A  jealousy  also  existed  on 
the  part  of  those  in  power  regard- 
ing  the    older    universities,   these 
being— as  the  King  of  France  de- 
clared  when   refusing  to  grant  to 
the  Academy  of  Geneva  the  rights 
of  a  university — hotbeds  of  heresy 
(p.   125).      Accordingly  the  latest 
academic  creation  in  Scotland  was 
the    foundation     by    the     **Town 
Council  and  ministers  of  the  city  " 
of  the  College  of  Edinburgh  (pp. 
99,    121,   127)    between   the  years 
1561  and  1578,  King  James's  char- 
ter dating  from  14th  April  1582. 
**But  it  did  not,  like  the  older  uni- 
versities,  commence  with   a   blaze 
of  success  and  then  collapse.      It 
started  from   a  humble  beginning 
and  steadily  expanded  into  greater 
things"  (p.  158). 


utation.-^     Edinburgh  had  also  one  of  the  earliest  chairs 

of  chemistry.     It  grew  into  an  independent  centre  of       35. 

The  Royal 

original  scientific  work  when  in  1783  the  Eoyal  Society  society  of 

°     ^  ,/  J    Edinburgh. 

of  Edinburgh  was  incorporated.  Ever  since  the  founda- 
tion of  the  Scotch  universities,  mathematics  had  been 
studied  independently  in  Scotland,  where  John  Napier 
of  Merchiston  had  at  the  end  of  the  sixteenth  century 
invented  logarithms.  "  Whether  we  consider  the  great 
originality  of  the  idea,  the  difficulty  of  carrying  it  into 
effect  in  the  state  in  which  algebraical  analysis  then  was, 
or  the  immense  practical  and  theoretical  value  of  the  inven- 
tion, we  shall  have  little  difficulty  in  claiming  for  Napier 
the  honour  of  a  discovery  unsurpassed  in  brilliancy  in 
the  whole  history  of  mathematics."  ^     From  that  time  the 


^  "  In  1738  the  foundation-stone 
of  that  building  which  was  till  re- 
cently the  Royal  Infirmary  of  Edin- 
burgh was  laid,  and  a  great  public 
enthusiasm  on  the  subject  was  mani- 
fested. Drummond,  the  greatest 
^dile  that  has  ever  governed  the 
city  of  Edinburgh,  and  Monro,  were 
appointed  the  Building  Committee, 
and  they  paid  the  workmen  with 
their  own  hands.  All  classes  con- 
tributed :  landowners  gave  stone ; 
merchants  gave  timber ;  farmers 
lent  their  carts  for  carriage  of 
materials ;  even  the  masons  and 
other  labourers  gave  one  day's  work 
out  of  the  month  gratis,  as  it  was  a 
building  for  the  benefit  of  the  poor  " 
(Sir  A.  Grant,  loc.  cit.j  vol.  i.  p. 
306). 

2  Quoted  by  Sir  A.  Grant  {loc. 
cit.f  vol.  ii.  p.  293)  from  Chryetal's 
unpublished  Inaugural  Address, 
*  John  Napier,  Baron  of  Merchiston ' 
(1550-1617).  The  *Mirifici  Logar- 
ithmorum  Canonis  Descriptio'  ap- 
peared in  1614.  The  'Logarithmo- 
rum  Chilias  prima '  of  Henry  Briggs 


(1556-1630),  professor  at  Oxford, 
contains  the  first  table  of  com- 
mon or  decimal  logarithms. 
Kepler  (1571-1630)  received  the 
invention  with  great  enthusiasm  as 
of  immense  importance  to  astro- 
nomy. "The  more  one  considers 
the  condition  of  science  at  the  time, 
and  the  state  of  the  country  in 
which  the  discovery  took  place, 
the  more  wonderful  does  the  in- 
vention of  logarithms  appear.  .  .  . 
It  is  one  of  the  surprises  in  the 
history  of  science  that  logarithms 
were  invented  as  an  arithmetical 
improvement  years  before  their 
connection  with  exponents  was 
known.  It  is  to  be  noticed  also 
that  the  invention  was  not  the  re- 
sult of  any  happy  accident.  Every- 
thing tends  to  show  that  it  was 
the  result  of  many  years  of  labour 
and  thought  undertaken  with  this 
special  object ;  Napier  succeeded  in 
devising,  by  the  help  of  arithmetic 
and  geometry  alone,  the  one  great 
simplification  of  which  they  were 
susceptible  —  a     simplification     to 
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36. 
The  •  Edin- 
burgh 
Review.' 


science  was  cultivated  at  the  different  Scotch  universities, 
which  supplied  Oxford  with  a  Professor  of  Astronomy 
(preferred  to  Halley),  in  the  person  of  David  Gregory. 
"  David  Gregory  not  only  introduced  the  '  Principia '  to 
Edinburgh   students,  but  he  also   brought  them  to  the 
notice  of  Englishmen."  ^     The  Philosophical  (afterwards 
called  the  Koyal)  Society  of  Edinburgh  was  much  in- 
debted to  Colin  Maclaurin,^  who  almost  alone  with  Landen 
and  Ivory  maintained  the  reputation  of  British  mathe- 
maticians during  seventy  years,  whilst  the  Continental 
school  was  revolutionising  that  science.     A  successor  to 
Maclaurin  in  the  mathematical  chair  at  Edinburgh,  John 
Playfair,^  introduced  the  Continental  methods  into  the 
studies  of  the  Scotch  universities  about  the  end  of  the 
last  century.     He  was  one  of  the  early  contributors  to 
the  *  Edinburgh  Keview,'  which   in   politics,  literature, 
and  science  inaugurated  a  new  kind  of  criticism,  and  led 
a  powerful  attack   upon   all  those  traditional  forms  of 
government,  taste,  and  learning  which  prevented  the  free 
expansion  of  ideas  and  the  progress  of  science  and  prac- 
tical  interests.     Though  not  always  judiciously  used,  the 


which  the  following  two  hundred 
and  eighty  years  have  added  no- 
thing" (Glaisher  in  'Ency.  Brit.,' 
9th  ed.,  article  "Napier"). 

1  David  Gregory  (1661-1708)  has 
"the  honour  of  having  been  the 
first  to  give  public  lectures  on  the 
Newtonian  philosophy.  This  he  did 
in  Edinburgh  five-and-thirty  years 
before  these  doctrines  were  accepted 
as  part  of  the  public  instruction  in 
the  university  of  their  inventor" 
(Sir  A.  Grant  and  Chrystal,  loc. 
cit.,  vol.  ii.  p.  296).  Cambridge 
writers,  headed  by  WTiewell,  are 
loath  to  admit  any  reluctance  on 


the  part  of  their  university  in  ac- 
cepting the  Newtonian  philosophy, 
in  spite  of  Whiston's  testimony  to 
the  contrary.  See  on  this  Whewell's 
•  History  of  the  Inductive  Sciences,' 
3rd  ed.,  vol.  ii.  p.  149,  &c. 

2  Colin  Maclaurin  (1698-1746) 
published,  1742,  a  'Treatise  on 
Fluxions,'  2  vols.  4 to.  In  1740  he 
shared  with  Daniel  Bernoulli  and 
Euler  the  prize  of  the  French  Aca- 
demy for  his  '  Essay  on  the  Tides.' 

3  John  Playfair  (1748-1819)  was 
Professor  of  Mathematics  and  then 
(from  1805)  of  Natural  Philosophy. 
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influence  of  that  review  must  have  been  very  powerful 
in  rousing  the  older  English  universities  out  of  a  state 
of  stagnation,  and  especially  in  stimulating  younger  minds 
in  the  direction  of  the  long-delayed  reform  of  studies. 
An  important  step  in  this  direction  was  taken  by  three       87. 

The  Analy* 

undergraduates  of  Cambridge — Herschel,  Babbage,  and  ticai  society 
Peacock — who  in  1812  formed  the  Analytical  Society,  ^^^s^- 
with  the  distinct  object  of  introducing  the  more  modern 
and  powerful  analytical  methods  developed  mainly  by 
Euler  and  Lagrange,  and  deposited  in  their  numerous 
Memoirs  in  the  publications  of  the  foreign  academies.^ 
In  harmony  with  them  worked  Whewell,  Airy,  and 
Sedgwick,  who  did  much  to  enlarge  the  programme  of 
mathematical  and  scientific  studies,  though  they  very 
staunchly  upheld  that  the  real  object  of  university 
education  could  not  be  identified  with  any  special 
method  or  school  of  thought,  but  was  expressed  in 
the  specific  ideal  peculiar  to  England,  that  of  a  liberal 
education.^ 

The  universities  of  Scotland,  unlike  those  of  England, 
instead  of  nursing  an  exclusive  spirit,  and  encouraging  wein 

^  r        >  &     &  Scotland. 

only  scanty  intercourse  between  teachers  and  students  of 
different  centres,  lived  in  constant  exchange  of  professors 
and  ideas — much  in  the  same  way  as  has  always  been  the 
custom  on  a  larger  scale  among  German  and  other  Conti- 
nental universities.  Though  this  is  destructive  of  that 
individual  character  of  the  university  or  the  college  which 


38. 
University 


^  See  note  1  to  p.  233  ;  also  for 
many  details  Rouse  Ball's  '  History 
of  the  Study  of  Mathematics  at 
Cambridge,'  1889,  p.  120,  &c. 

2  On  Whewell  and  his  writings 
on  university   education  see  note 


to  p.  261.  Sir  George  Biddell 
Airy  (1801-1891)  published  in  1826 
*  Mathematical  Tracts*  (2nd  ed., 
1831)  on  the  lunar  and  planetary 
theories,  &c.,  for  the  use  of  students 
in  the  university. 
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is  so  highly  prized  by  many  English  fellows,  it  is  certainly 
more  conducive  to  the  progress  of  studies  and  of  research, 
and  it  is  the  cause  why  in  the  early  history  of  recent 
science  the  universities  of  Scotland  have  played  so  much 
more  important  a  part  than  those  of  England.  Whilst  in 
England  modern  science  was  cultivated  outside  the  pale 
of  the  universities  by  Priestley,  Davy,  Wollaston,  Young, 
Dalton,  Faraday,  and  Joule,  to  whom  we  may  even  add 
Green  and  Boole,  all  eminent  Scotch  men  of  science,  such 
as  Gregory,  Simson,  Maclaurin,  Playfair,  Black,  Thomson, 
Leslie,  Brewster,  and  Forbes,  were  university  professors, 
many  of  whom  did  not  confine  their  labours  to  one  centre, 
but  spread  the  light  of  their  ideas  and  researches  all  over 
the  country.^  Whilst  England  has  been  great  in  single 
names,  Scotland  has  certainly  in  proportion  done  more 


1  Napier  of  Merchiston  remained 
outside  the  pale  of  the  universities. 
At  that  time  the  College  of  Edin- 
"burgh  had  no  mathematical  pro- 
fessor ;  but  Glasgow  had,  and  so 
had  Aberdeen.  James  Gregory  was 
educated  at  Aberdeen,  was  then  pro- 
fessor at  St  Andrews,  and  subse- 
quently at  Edinburgh.  Colin  Mac- 
laurin was  educated  at  Glasgow, 
then  professor  at  Aberdeen  and  at 
Edinburgh.  Playfair  was  educated 
at  St  Andrews,  and  lectured  there 
before  coming  to  Edinburgh.  Leslie 
was  trained  at  St  Andrews,  and  was 
then  professor  first  of  mathematics 
and  afterwards  of  natural  philosophy 
at  Edinburgh.  Black  was  educated 
at  Glasgow  and  Edinburgh,  and 
was  professor  at  both  universities. 
Brewster  studied  at  Edinburgh,  and 
was  subsequently  principal  of  St 
Andrews  and  then  of  Edinburgh. 
Forbes,  as  student  and  professor,  be- 
longs exclusively  to  Edinburgh,  and 
80  did  in  earlier  times  Robert  Sim- 


son,  the  great  mathematical  pro- 
fessor. Adam  Smith  belongs  exclu- 
sively to  Glasgow,  though  he  had 
lectured  in  Edinburgh  before  he 
was  appointed  professor  at  Glasgow. 
But  the  contrast  between  England 
and  Scotland  becomes  still  more 
prominent  if  we  look  at  the  medi- 
cal sciences  and  note  the  great 
array  of  celebrated  professors  at 
Edinburgh,  CuUeu,  Brown,  Gregory, 
Alison,  Hamilton,  Syme,  Simpson, 
Christison,  and  Charles  Bell,  where- 
as the  equally  great  names  of  John 
and  William  Hunter,  of  Jenner,  of 
Astley  Cooper  and  Bright,  have  no 
connection  with  the  English  univer- 
sities ;  Sydenham  was  only  slightly 
connected  with  Oxford  and  Cam- 
bridge, and  even  Harvey  never 
occupied  a  prominent  position  at 
Oxford.  Through  situation  or  con- 
stitution the  English  universities 
were  unable  to  open  a  field  of  ac- 
tivity for  these  celebrated  men. 
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to  diffuse  modern  scientific  knowledge.  The  great  pub- 
lishing firms  of  Edinburgh  have  also  for  more  than  a 
century  done  much  through  Cyclopaedias,  Eeviews,  and 
Magazines  to  spread  general  information  of  all  kinds  ;^ 
whilst  Hume,  Adam  Smith,  and  the  subsequent  Scotch 
school  of  metaphysicians  have  exerted  their  influence 
during  the  whole  of  this  century,  not  only  in  Great 
Britain,  but  over  the  whole  of  Europe.^  In  the  more 
circumscribed  domain  of  scientific  thought  a  powerful 
influence  has  again  been  exerted  from  Scotland  as  a 
centre,  and  through  the  larger  instrumentality  of  the 
University  of  Cambridge,  on  the  study  of  mathematical 
and  experimental  physics,  and  what  we  may  term  the 
spirit  and  method  of  these  sciences.     This  influence  be- 


^  The  most  popular  Cyclopaedia, 
that  of  Chambers,  had  its  origin  in 
Edinburgh  in  1860.    It  was  founded 
on  the  tenth  edition  of  Brockhaus's 
'  Conversations-Lexicon.'    The  more 
important   'Encyclopaedia   Britan- 
nica'  was  published  there  also  in 
1771,  3  vols. ;  2nd  ed.,  1777.     The 
*  Edinburgh    Review '    was    estab- 
lished  in   1802   by   Jeffrey,  Scott, 
Horner,    Brougham,    and    Sydney 
Smith  ;  it  was  the  first  successful 
"Quarterly,"  carried  on  independ- 
ently   of    the     booksellers,     after 
several  unsuccessful  attempts  had 
been  made  in  a  similar  direction  by 
Adam   Smith   and   Hugh  Blair  in 
1755,  and  after  Gilbert  Stuart  and 
William  Smellie   had  issued  from 
1773  to  1775  the  'Edinburgh  Mag- 
azine and  Review.'     No  such  peri- 
odical ever  attained  to  the  circula- 
tion of  the  'Edinburgh  Review,'  of 
which  at  one  time  20,000  copies 
were   sold.      The   first   high -class 
monthly  Magazine  was  also  printed 
in    Edinburgh    by.    Blackwood    in 
1817,  with  Scott,  Lockhart,  Hogg, 

VOL.  L 


Maginn,  Syme,  and  John  Wilson  as 
contributors.  'Tait's  Edinburgh 
Magazine'  was  the  first  shilling 
magazine.  The  brothers  William 
and  Robert  Chambers,  in  1832, 
started  the  Journal  named  after 
them.  They  also  brought  out  many 
popular  works  of  sterling  merit, 
mostly  written  by  Robert  Cham- 
bers, than  whom  none  did  more  to 
introduce  a  knowledge  of  nature 
into  popular  reading,  and  to  give  a 
healthy  tone  and  moral  influence 
to  the  cheap  literature  which  has 
become  such  an  important  factor 
in  modern  culture. 

^  Whilst  Locke  exercised  the 
greatest  influence  on  French  phil- 
osophy, Kant  starts  more  directly 
from  Hume.  The  literature  of  the 
Restoration  in  France  again  at- 
taches itself  to  the  Scotch  meta- 
physicians, notably  Reid.  It  is 
interesting  that  both  Kant  and 
the  greatest  representative  of  the 
French  "  Ideology,"  De  Tracy,  were 
of  Scotch  descent. 
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longs  to  the  second  half  of  the  century,  and  is  centred  in 
the  two  names  of  William  Thomson  (Lord  Kelvin)  and 
James  Clerk  Maxwell,  who  may  be  said  to  have  jointly 
revolutionised  natural  philosophy.     It  began  with  the  ap- 
pearance of  George  Stokes's  and  William  Thomson  s  im- 
portant  contributions  to  mathematical  physics,  and  with 
the  publication  of  that  suggestive  and  stimulating — but 
unfortunately  unfinished — work  by  Thomson  and  Tait  on 
Natural  Philosophy.     It  was  represented  to  the  fullest 
extent  in   Clerk   Maxwell's    activity  in   the   Cavendish 
Laboratory  at  Cambridge.     But  the  consideration  of  this 
subject  belongs  to  a  later  chapter  of  the  present  work, 
and  is  only  mentioned  here  in  connection  with  the  intel- 
lectual intercourse  and  exchange  which  has  existed  all 
through  this  century  between  the  invigorating  spirit  of  the 
north  and  the  more  conservative  spirit  of  the  southern 
39.       portion  of  the  island.     Besides  Scotland  another  centre 
MSJfmlil  —the  Dublin    School— has    gained    European    renown 
cai  school,    ^j^^^^g^  ^  ggj..gg  Qf  mathematical  labours  of  the  highest 

importance,  some  of  them  of  an  originality  hardly  yet 
sufficiently  recognised.  This  school  is  represented  by 
the    names    of    Kowan    Hamilton,^     MacCuUagh,    Sal- 


I! 


1  Of  Rowan  Hamilton's  dynami- 
cal "principle  of  varying  action" 
I  have  spoken  in  a  note  to  p.  231. 
William  Rowan  Hamilton  (1805-65) 
cannot  with  the  same  certainty  as 
Kant  and  De  Tracy  be  claimed  as 
of  Scotch  descent.  Indeed  he 
seems  to  belong  distinctly  to  Ire- 
land. See  Tait's  article  in  the 
'  North  British  Review,'  September 
1866,  and  Perceval  Graves's  reply  in 
'Life  of  W.  R.  Hamilton'  (3  vols., 
1882-89,  vol.  i.  p.  5).  He  was  one 
of  the  few  quite  original  mathe- 


maticians who,  like  Gauss,  led  the 
way  into  new  channels  of  thought 
and  succeeded  in  breaking  through 
the  traditional  forms  of  this  science, 
which  more  than  any  other  is  ham- 
pered in  its  development  by  trans- 
mitted customs  and  habits  of  repre- 
sentation. Thus,  after  ten  years  of 
research  and  thought  in  connection 
with  the  representation  of  extend- 
ed algebraical  forms  by  means  of 
the  different  directions  in  space,  he 
succeeded  in  establishing  the  fun- 
damental principle  of  his  theory  of 
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mon ;  ^  nor  should  we  forget  the  suggestive  writings  of 
George  Boole.^  The  influence  of  these  men  originated 
outside  of  Cambridge,  and  a  history  of  mathematics  at 
that  university  does  not  contain  their  names,'^  though  the 
ideas  of  which  they  have  been  the  bearers  have  largely 
entered  into  the  text-books  and  the  teaching  of  the  Cam- 
bridge school. 

So  far  I  have  mainly  dealt  with  one  side  only  on  which 
the  progress  of  science  depends,  namely,  the  methodical 
use  of  experiment,  measurement,  and  calculation;    this 


quaternions  —  complex     quantities 
which  are  compounded  of  a  purely 
algebraical  or  quantitative  element 
and  three  distinct  elements  corre- 
sponding to  the  three  directions  or 
dimensions  of  space.      He  was  the 
first  to  work  out  this  calculus,  and 
the   labour  occupied  twenty  years 
of  his  life.     In  Hamilton's  calculus 
of  quaternions,  distance  (or  length) 
and  direction  are  introduced  as  they 
naturally  present  themselves  when 
we  deal  with  geometrical  or  physical 
problems,  instead  of  all  quantities 
being  reduced  to  lengths,  as  was 
the  case  in  the  Cartesian  geometry. 
Hamilton  thus  broke  through  the 
conventionalism  of  the  latter  and 
showed  how  the  consideration  of  di- 
rections in  space  forces  us  to  extend 
the  original  operations  of  arithmetic. 
It  is 'interesting  to  note  how  simul- 
taneously Grassmann  (see  p.  243, 
note  1 )  in  his  '  Ausdehnungslehre ' 
(1844)  and  Von  Staudt  in  his  'Geo- 
metric  der  L4ge'  (1847),  quite  inde- 
pendently worked  at  similar  exten- 
sions of  our  arithmetical  and  geo- 
metrical conceptions,  and  how  sub- 
sequently   quaternions,    in    which 
Hamilton  had  seen  a  powerful  me- 
thod  for  solving  geometrical  and 
physical   problems,    present  them- 
selves as  a  special  form  of  the  ex- 
tended algebra  and  geometry  elabor- 


ated from  these  diflFerent beginnings. 
Whilst  the  practical  usefulness  of 
the  calculus  has  been  demonstrated 
by  some  extensive  applications,  as, 
for  example,  to  spherical  trigono- 
metry, the  ideas  contained  in  it^ — 
frequently  without  Hamilton's  no- 
tation—are gradually  finding  their 
way  into  text- books,  and  the  strange- 
ness which  for  half  a  century  pre- 
vented  the   labours   of  Hamilton, 
Grassmann,  and  Von  Staudt  from 
being  generally  appreciated,  is  dis- 
appearing.     A  popular  exposition 
of  the  relation  of  quaternions   to 
general  arithmetic  is  given  in  0. 
Stolz,  'Grossen  und  Zahlen,'  Leip- 
zig, Teubner,  1891. 

^  The  excellent  treatises  of  Sal- 
mon on  *  Higher  Algebra,'  'Higher 
Plane  Curves,'  'Geometry  of  Three 
Dimensions,'  and  '  Conic  Sections ' 
have  in  their  German  translations 
by  Fiedler  done  a  great  work  in 
systematising  and  popularising  mo- 
dem conceptions  in  algebra  and 
geometry.  See  Gino  Loria's  treatise 
on  the  "  Principle  Theories  of  Geo- 
metry "  in  the  German  translation 
by  Schutte,  Leipzig,  1888,  p.  25, 
&c. 

2  See  p.  247,  note  2. 

3  See  Rouse  Ball,  '  A  History  of 
the  Study  of  Mathematics  at  Cam- 
bridge,' 1889. 
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40. 

Importance 
of  British 
contribu- 
tions to 
science. 


41. 
Diffusion  of 
scientific 
knowledge 
on  the 
Continent. 


side  had  been  very  largely  developed  by  the  great  French 
naturalists  and  mathematicians  in  the  beginning  of  our 
period.  The  change  in  the  higher  branches  of  science 
which  took  place  during  the  first  half  of  the  century  is 
greatly  owing  to  them,  and  to  the  later  German  school, 
which  was  much  influenced  by  them.  If  we  compare 
the  contributions  of  British  science  in  these  branches, 
they  are  indeed  inferior  in  bulk,  and  still  more  so  in 
methodical  arrangement;  but  among  them  is  a  small 
number  of  works  of  the  first  order  which  are  embodi-  ' 
ments  of  scientific  ideas  of  the  very  highest  importance. 
Introduced  into  the  great  edifice  of  scientific  research 
which  was  being  planned  and  erected  on  the  Continent, 
they  mark  the  very  corner-stones  of  the  building,  stand- 
ing out  in  bold  and  conspicuous  prominence.  But  it  is 
a  fact  that  no  Academy  existed  in  this  country  which 
was  zealous  in  collecting  and  arranging  all  the  best 
labours  of  scattered  philosophers,  no  university  which 
was  anxious  to  attract  and  train  promising  intellects, 
no  comprehensive  text-books  and  hand-books,  ensuring 
right  guidance,  correctness  of  knowledge,  and  complete- 
ness of  study,  no  historical  and  philosophical  traditions 
guaranteeing  that  novel  contributions  should  make  their 
appearance  under  favourable  conditions,  or  supplying  the 
most  appropriate  77iise  en  sdne  for  new  ideas. 

It  is  the  French  Institute,  in  the  earlier  years  of  the 
century,  and  the  German  university  system,  with  its 
many  local  ramifications  and  literary  organs,  during  the 
whole  of  the  century,  which  have  done  the  great  work 
of  systematising  and  diffusing  scientific  knowledge,  and 
of  introducing  the  exact  spirit  of  research.     There  is 
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something  casual  and  accidental  about  the  great  ideas 
which  British  men  of  science  contributed  during  the  first 
half  of  the  century.     Each  of  them  chooses  an  isolated       42. 

Isolation  of 

position,  a  special  form  of  delivery,  frequently  a  Ian-  Englishmen 

•*^  '  ^  J »  T.  J  of  science. 

guage  and  style  of  his  own.  They  attach  little  or  no 
importance  to  the  labours  of  others,  with  which  they 
are  frequently  unacquainted.^  Important  papers  are 
lost  or  buried,  as  in  the  case  of  Cavendish  and  Green. 
Novel  ideas  are  communicated  in  unintelligible  language 
and  symbols,  and  accordingly  neglected.  This  was  the 
case  with  Dr  Young's  writings,  and  to  a  certain  extent 
with  Faraday's.  The  greatest  discoveries  were  unduly 
postponed  through  the  absence  of  assistance,  as, seems  to 
have  been  the  case  with  Adams's  discovery  of  Neptune,^ 
perhaps  with  Stokes's  anticipation  of  spectrum  analysis.^ 


^  This  is  correct  of  most  of  the 
great  men  referred  to  in  the  course 
of  this  chapter.  Among  them,  how- 
ever, Rowan  Hamilton  forms  an  ex- 
ception. Though  working  on  quite 
original  lines,  he  took  a  great  in- 
terest in  the  labours  and  sugges- 
tions contained  in  the  writings  of 
his  forerunners  and  contemporaries, 
as  the  historical  notices  in  the  pre- 
face to  his  'Lectures  on  Quater- 
nions' (1853)  prove;  likewise  his 
correspondence  with  De  Morgan  (see 
*  Life  of  Sir  W.  R.  H.,'  vol.  iii.) 

^  The  story  of  the  discovery  of 
Neptune  has  been  frequently  told. 
The  first  publication  of  the  ele- 
ments of  the  suspected  planet, 
which  enabled  a  search  to  be  made, 
came  from  Leverrier  to  the  Paris 
Academy  of  Sciences  on  the  Ist 
July  and  the  31st  August  1846. 
In  consequence  of  this  publication, 
Galle  at  Berlin,  requested  by  Lever- 
rier to  search  in  the  neighbourhood 
of  8  Capricomi,  and  comparing  his 
observations    made    on    the    same 


night  on  which  he  received  the 
request,  23rd  September  1846,  with 
Bremiker's  map,  actually  found  the 
planet.  Subsequently  it  became 
known  that  Adams  of  Cambridge 
had  already  communicated  his 
elements  in  September  and  October 
1845  to  Challis  and  Airy,  and  that 
the  former  had  actually  seen  the 
planet  on  the  4th  and  12th  of 
August  1846,  but  —  for  want  of 
equally  detailed  maps  —  had  not 
compared  the  observation  and  estab- 
lished the  discovery.  See  Whe well's 
*  History  of  the  Inductive  Sciences,' 
third  ed.,  1857,  vol.  ii.  p»  460,  &c. ; 
also  Wolf,  *  Qeschichte  der  Astro- 
nomie,'  p.  537,  &c. 

'  It  appears  from  a  communica- 
tion of  Sir  William  Thcmison  (Lord 
Kelvin)  to  Kirchhoff  immediately 
after  the  latter  had  published  in 
1859  his  explanation  of  the  iden- 
tity of  the  dark  lines  in  the  solar 
spectrum  with  the  bright  lines  in 
the  spectra  of  coloured  flames,  that 
Stokes,  soon  after  the  publicatioa 
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What  might  not  these  great  minds  have  accomplished  had 
they  attached  the  same  importance  to  style  and  form  as 
most  of  the  great  French  men  of  science,  or  had  they  been 
called  upon  to  teach  a  number  of  eager  pupils,  anxious, 
not  to  take  honours  and  degrees,  but  to  understand  and 
further  elaborate  the  suggestions  of  their  masters,  as  has 
been  the  custom  and  tradition  in  Germany  ?     The  history 
of  English  science  during  the  first  half  of  the  century 
consists  of  a  series  of  biographies,  or  of  monographs  on 
single  ideas  and  points  of  view.     We  are  struck  by  the 
individual  greatness  of  the  minds  which  produced  them, 
their  originality  or  the  suddenness  of  their  appearance. 
An  doge  by  the  permanent  secretary  of  the  Academy  has 
usually  been  considered  sufficient  to  satisfy  the  historian 
of  science  in  France ;  the  life  of  every  great  philosopher 
in  Germany  is  identical  with  the  history  of  a  phase  of 
thought  or  with  a  school  of  research ;  in  England  alone 
the  person  of  the  thinker  has  nearly  always  claimed  the 


by  Miller  in  1845  and  by  Foucault 
in  1849  of  observations  relating  to 
this  subject,  had  suggested  in  the 
course  of  conversation  that  there  is 
a  correspondence  between  emission 
and  absorption  of  the  same  kind  of 
light  by  the  vibrating  molecules  of 
the  same  body,  according  as  it  is 
used  as  a  source  or  a  screen  for 
light      Had  this  idea  of  Stokes's, 
which  suggested    the   presence  of 
sodium  in  the  atmosphere  of  the 
sun,  been  followed  out  at  the  time, 
the  discovery  of  spectrum  analysis 
would  have  taken  place  ten  years 
earher.     Actually,  the  various  pub- 
lications,   beginning   with    Fraun- 
hofer's  description  of  the  dark  lines 
in  the  solar  spectrum  in  1814  and 
proceeding    through    the    observa- 
tions of  Herschel,  Talbot,  Drum- 


mond,  Miller,  Angstrom,  Pliicker, 
Swan,  and  Balfour  Stewart  on 
the  absorption  and  radiation  of 
heat,  found  their  consummation 
when  Bunsen  and  Kirchhoff  settled 
the  main  point  in  question — viz.y 
"that  the  bright  lines  of  an  in- 
candescent gaseous  body  depend  on 
the  chemical  constituents  of  the 
same."  Then  at  length  spectrum 
analysis  became  possible.  See  on 
this  matter  Kirchhoff 's  own  histori- 
cal risumi  of  the  year  1862,  re- 
printed in  'Gesammelte  Abhand- 
lungen'  (Leipzig,  1882),  p.  625, 
&c.  ;  also  Sir  William  Thomson's 
'  Baltimore  Lectures,'  shorthand 
notes,  1884,  p.  100,  and  Stokes's 
translation  of  Kirchhoflf's  first  paper 
in  1860  (•  Philos.  Magazine,'  March 
1860). 


greater  share  of  popular  attention.-^  His  mental  labours 
have  preserved  an  individual  character,  shutting  them 
out  during  his  life  from  common  contact,  and  limiting 
their  fertilising  power,  like  that  of  an  oasis  in  the  desert, 
to  a  narrow  circle  of  casual  visitors.  Minds  like  Newton 
and  Faraday,  full  of  new  life,  but  modestly  content  with 
deepening  and  strengthening  their  secluded  vigour,  re- 
frained from  boastful  publicity  or  ostentatious  parade, 
working  for  all  ages  rather  than  for  a  special  school  or  a 
passing  generation.     It  is  the  individualism  of  the  English       43. 

^  ^  ^  °  .        Individual- 

character,  the  self-reliant  strength  of  natural  genius,  which  ism  of  the 

'  o  o  »  English 

comes  out  most  strongly  in  its  great  examples  of  scientific  character, 
work.     In  characters  of  smaller  breadth,  in  intellects  of 
lesser  power,  these  tendencies  show  themselves  in  ways 
which  we  cannot   always  admire   or   commend :  in  the 
emulation  for  place  and  position,  in  the  competing  for 


^  This  explains  the  remarkable 
richness  of  English  literature  in, 
biographies,  containing  copious  col- 
lections of  correspondence,  and  the 
almost  total  absence  of  such  litera- 
ture in  France,  which,  on  the  other 
side,  is  rich  in  memoira,  written  by 
statesmen  and  authors  themselves. 
As  the  students  of  nature  have 
usually  little  time  for  autobio- 
graphy, we  possess  of  the  long  list 
of  great  names  in  modem  French 
science  hardly  any  personal  records 
such  as  are  so  plentiful  in  English 
literature.  What  we  miss  in  many 
of  these  elaborate  and  frequently 
gossiping  narratives  is  a  just  ap- 
preciation of  the  position  of  the 
subject  of  the  bic^aphy  in  the 
history  of  science,  literature,  and 
thought,  a  definition  of  the  exact 
place  and  importance  which  belongs 
to  him  and  his  work.  This  is  what 
is  given  in  such  a  masterly  and  con- 
densed form  in  the  better  iloges  of 


Fontenelle,  of  Cuvier,  of  Arago, 
and  other  secretaries  of  the  French 
Academies.  In  Germany  biographi- 
cal literature  is  less  developed  than 
in  this  country,  and  memoirs  are 
almost  absent — those  of  Varnhagen 
von  Ense  and  of  Perthes,  among 
literary  men,  being  remarkable  and 
rare  exceptions.  Similarly  the  great 
correspondence  carried  on  by  Goethe 
through  nearly  sixty  years  is  a 
unique  monument  of  his  genius 
and  his  influence,  comparable  only 
to  that  of  Voltaire  during  the  last 
century.  R.  Haym  in  his  biographies 
of  Hegel,  Wm.  von  Humboldt,  and 
Herder,  which  combine  the  bio- 
graphical with  the  historical  and 
critical  elements,  has  done  a  great 
work,  and  these  books  are  invalu- 
able contributions  to  the  history  of 
thought.  Justi's  *  Winckelmann '  is 
of  equal  importance  ;  but  Dilthey's 
*  Schleiermacher  *  is  unfortunately 
unfinished. 
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honours  and  championships — in  all  the  noble  and  ignoble 
forms  of  racing,  where  much  energy,  which  might  more 
usefully  have  been  merged  in  co-operative  action,  is 
sacrificed  for  the  sake  of  individual  distinction.  But 
where  the  height  of  genius  forbids  emulation,  where  the 
towering  intellect  has  distanced  all  records,  this  indi- 
vidualism  has  produced  single  specimens  of  the  greatest 
work,  examples  of  the  highest  moral  worth.  It  is  not  in 
the  courses  of  scientific  work  alone  that  we  shall  have 
occasion  to  mark  the  peculiarity  of  British,  especially  of 
English,  thought ;  but  it  is  interesting  to  note  how  even 
in  this  sphere,  which  more  than  any  other  seems  to  bear 
an  international  and  cosmopolitan  character,  the  genius 
of  the  nation  strongly  asserts  itself,  baffling  every  effort 
to  control  it  or  to  lead  it  into  more  conventional  chan- 
44.  nels.  The  last  fifty  years  have  done  much  to  destroy 
durSg^he    the  peculiarly  national  customs,  the  idiosyncrasies  of  the 

last  fifty  JT  t' 

years.  different  peoples.  English  institutions  have  been  copied 
in  France,  and  German  customs  introduced  into  England  ; 
it  has  recently  been  stated  that  the  older  type  of  scientific 
amateur  which  existed  in  this  country  is  dying  out,  being 
rendered  impossible  by  the  more  complicated  machinery 
of  science,  the  manifold  conditions  on  which  progress  de- 
pends. It  seems  to  me  doubtful  whether  this  view  is 
correct.  Surely  the  advance  of  the  highest  kind  of 
thought  will  always  depend  upon  the  unfettered  devel- 
opment of  the  individual  mind,  regardless  of  established 
habits,  of  existing  forms  of  expression,  or  of  adopted 
systems ;  just  as  the  diffusion  and  wholesale  application  of 
single  discoveries  will  depend  on  a  ready  and  efficient  ma- 
chinery and  organisation ;  whilst  their  influence  on  gen- 


eral thought  and  literature  will  depend  on  the  cultivation 
of  a  perfect  form,  of  an  expressive  and  elegant  style.  The 
French  alone  in  the  beginning  of  the  century  could  boast 
of  the  last ;  the  Germans  have  most  successfully  developed 
the  second ;  whilst  England,  the  country  of  greatest  indi- 
vidual freedom,  has  been  the  land  most  favourable  to  the 
growth  of  genius  as  well  as  eccentricity,  and  has  thus  pro- 
duced a  disproportionate  number  of  new  ideas  and  depart- 
ures. Nor  is  it  to  be  desired  that  the  reliance  of  genius 
on  itself  should  be  in  any  way  curtailed,  as  it  is  impos- 
sible to  foretell  whence  the  new  light  will  come  which  is 
to  illuminate  future  ages.  This  individualism  of  the 
English  mind  presents  other  accompanying  features,  and 
these  are  of  great  interest  to  the  historian  of  thought. 
They  manifest  themselves  in  the  province  of  science  as 
much  as  in  other  provinces.  We  will  now  study  them 
more  closely ;  in  the  sequel  we  shall  meet  with  them  in 
other  departments  also. 

Hitherto  our  observations  on  English  science  have  nearly 
all  referred  to  only  one  side  of  modem  scientific  work, — 
the  side  on  which  lie  the  experimental,  measuring,  and  cal- 
culating sciences ;  those  sciences  which  abroad  are  termed 
"  exact " ;  in  which  mathematical  notions  and  methods, 
be  it  of  measurement  or  of  calculation,  obtain.  But  these 
sciences  cover  only  one  side  of  reality.  We  noticed  how  in 
France,  during  the  great  scientific  epoch,  the  other  side  of 
nature,  that  which  exhibited  and  was  filled  by  the  pheno- 
mena of  life,  was  simultaneously  explored  with  equal 
originality  and  equal  success.  As  Laplace  was  the  great 
representative  of  the  one,  so  Cuvier  was  the  great  re- 
presentative of  the  other.     We  have  also  seen  how  in 
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Germany  this  latter  department  of  research  was  specially 

cultivated,  how  all  the  mathematical,  experimental,  and 

philosophical  sciences  combined  to  organise  the  one  great 

45.        science  of  physiology  or  biology,  with   its   central   and 

British  con-  .  .  ^^» 

tributionsto  crowning  problcm — the  problem  oi  consciousness,      we 

biology.  ®   ^  ^  £  ' 

also  noted  how  this  science  worked  a  great  reform  m 
the  whole  domain  of  medical  theory  and  practice.  Let 
us  now  return  to  the  question,  What  has  Great  Britain 
done  during  the  first  half  of  this  century  in  this  great 
department  of  scientific  thought  ?  Single  great  names,  like 
those  of  Harvey,^  marked  in  former  centuries  discoveries 
in  the  natural  sciences  equal  to  those  of  Newton  in  the 
mathematical ;  the  name  of  Eay^  is  still  preserved  in  the 


Society  called  after  him :  in  more  recent  times  Hutton 
formed  a  school  in  geology  which  was  opposed  to  that  of 
Werner,  emanating  from  Germany.^     Hunter,  the  anato- 


1  William  Harvey  (1578-1657),  a 
native  of  Kent,  received  his  medical 
education    in    Italy,    especially    in 
Padua,  under  Fabricius  of  Acqua- 
pendente.      The   discovery  of    the 
circulation  of  the  blood  belongs  to 
the  year  1616,  and  is  almost  con- 
temporary with  Napier's  invention 
of  logarithms.  This  discovery  is  con- 
tained in  the  manuscript  of  Harvey's 
lectures   preserved   in   the   British 
Museum,  but  the  publication  did  not 
take  place  till  1628   ( '  Exercitatio 
anatomica  de  motu  corporis  et  san- 
guinis in  animalibus,'  published  at 
Frankfort).     Although  Harvey  was 
drawn  into  long  controversies   by 
his    publication    of    this   work,   he 
had  the  satisfaction  of  seeing  his 
discovery  generally  recognised.  Des- 
cartes abroad  took  Harvey's  part  in 
his  letter  to  Beverwijck  in  1637,  and 
in  his  *  Discours  de  la  M^thode,'  pub- 
lished in  the  same  year  ;  and  it  is 
noteworthy  that — as  has  been  the 
case  with  many  subsequent  English 
discoveries — the  first  great  acknow- 
ledgment came  from  the  Continent, 
notably  Holland.   The  acceptance  in 
France  by  the  faculties  of  Paris  and 


Montpellier  was  less  rapid,  and  in 
England  it  is  well  known  that  Lord 
Bacon  took  no  notice  either  of 
Harvey's  discovery  or  of  Napier's 
invention.  See  James  Spedding's 
preface  to  the  "  De  interpretatione 
Naturae  Procemium"  in  works  of 
Lord  Bapon,  vol.  iii.  p.  507,  &c. ;  also 
Harvey's  own  opinion  on  Bacon,  ibid., 
p.  515.  .  Hobbes,  on  the  other  hand, 
'*  was  eager  to  accept  Harvey's  revo- 
lutionary discovery  "  (Croom  Rob- 
ertson, *  Hobbes,'  p.  123),  and  refers 
to  Harvey  in  the  dedication  of  the 
*De  Corpore'  (1655)  as  "the  only 
man  I  know  that,  conquering  envy, 
hath  established  a  new  doctrine  in 
his  lifetime"  (ibid.,  p.  187  n.)  On 
Harvey's  other  works,  notably  on 
the  work '  De  Generatione,'  see,  inter 
aliay  Huxley,  *  Science  and  Culture,' 
1888,  p.  333,  &c. 

2  John  Ray,  or  Raj  us,  as  he  is 
called  abroad  (1628-1705),  a  native 
of  Essex,  was  a  Cambridge  man ; 
he,  however,  gave  up  his  fellowship 
in  1662,  feeling  himself  unable  to 
subscribe  to  the  Act  of  Uniformity 
of  1661.  He  was  one  of  the  first 
great  classifiers  of  plants;  he  col- 


lected a  vast  amount  of  information, 
beginning  with  the  neighbourhood 
of  Cambridge  and  extending  it  in 
travels  over  Great  Britain  and  the 
Continent  with  Willoughby.     The 

*  Historia  Plantarum  ' — describing 
18,625  species  of  plants — appeared 
from  1685  to  1704  in  3  vols.  The 
first  volume  contains  a  chapter  on 
the  anatomy  and  physiology  of 
plants,  which  was  much  extolled 
by  Cuvier  and  recommended  for 
republication.  The  "  Ray  Society," 
started  in  1844  "  for  the  pub- 
lication of  works  on  Natural  His- 
tory," brought  out  among  many 
other  excellent  and  celebrated 
works  (such  as  Darwin's  *  Mono- 
graph of  the  Family  Cirripedia '), 
Memorials  (1844)  and  Correspond- 
ence (1848)  of  John  Ray  :  it  also 
translated  that  eccentric  specimen 
of  the  "Naturphilosophie"  Oken's 

*  Elements  of  Physio  -  philosophy,' 
1847.  A  contemporary  of  John  Ray 
was  Nehemiah  Grew  (1628-1711), 
one  of  the  first  to  make  extensive 
use  of  the  microscope  (invented  in 
Holland  between  1590  and  1600) 
for  the  examination  of  the  anatomy 
and  physiology  of  plants.  After 
Oldenburg  he  was  Secretary  of  the 
Royal  Society  together  with  Hooke. 
The  Society  printed  his  'Anatomy 
of  Plants.'  About  the  same  time 
it  seems  to  have  exhausted  its 
funds    in     printing    Willoughby's 

*  Historia  Piscium,'  so  that  it  was 
unable  to  carry  out  its  design  of 
defraying  the  cost  of  printing  the 

*  Principia. '  This  was  generously 
done  by  Halley.  See  Weld,  '  His- 
tory of  the  Royal  Society,'  vol.  i. 
p.  309,  &c. 

^  Beneath  the  strife  of  the  Wer- 
nerians  and  Huttonians,  or  the 
Neptunists  and  Plutonists  as  they 


were  termed,  the  real  merits  of 
Robert  Jameson  (1774-1854)  and 
James  Hutttm  (1726-97)  have 
sometimes  been  overlooked.  Both 
were  ardent  naturalists  who  spent 
their  lives  in  observation  and  study 
of  nature.  They  made  Edinburgh 
for  some  time  the  centre  of  geology 
in  this  country.  Jameson  was  fifty 
years  Professor  of  Natural  History, 
founded  the  first  school  of  Natural 
History  in  this  country  (see  Cossar 
Ewart's  address,  quoted  by  Sir  A. 
Grant,  *  Story  of  the  University  of 
Edinburgh,'  vol.  ii.  p.  444),  trained 
a  number  of  eminent  naturalists, 
among  whom  are  Edward  Forbes  and 
Grant  (i^.^.— The  name  of  Darwin 
must  be  added  with  caution,  see  his 
*  Autobiography,'  vol.  i.  p.  44,  &c.), 
founded  the  Edinburgh  Museum  of 
Natural  History,  which  includes  the 
Huttonian  collections,  and  founded 
the  Wernerian  and  Plinian  Societies 
of  Natural  History.  James  Hutton, 
though  not  a  teacher  like  Jameson, 
exerted  a  great  influence  through 
John  Playfair,  who  popularised  his 
views  in  his  *  Illustrations  of  the 
Huttonian  Theory  of  the  Earth' 
(1802).  It  is  termed  by  Geikie  a 
* '  classical  contribution  to  geological 
literature."  Though  the  opposition 
of  Hutton's  theoretical  views  to 
those  of  Werner  gave  him  a  great 
reputation  as  a  theorist,  it  is  claimed 
for  him  that  he  first  among  geolo- 
gists disclaimed  the  intention  of 
investigating  the  origin  of  things, 
and  thus  put  an  end  to  the  cosmo- 
gonies of  the  eighteenth  century. 
Such  had  been  promulgated  in  all 
the  three  countries  by  the  most 
illustrious  philosophers  and  natural- 
ists, by  Burnet,  Buffon,  and  Leibniz. 
On  Hutton's  great  merits  see  es- 
pecially Huxley,  "Essay  on  Geolo- 
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46. 

Jenner. 


47. 
English  love 
of  nature. 


mist,  acquired  a  world-wide  reputation  in  the  latter  part 
of  the  eighteenth  century. 

Many  other  students  of  nature  could  be  added  to  this 
list.  Perhaps  none  has  acquired  greater  popular  celebrity 
than  Jenner.'^  This  he  acquired  through  his  extraordinary 
discovery,  by  which  he  grappled  successfully  with  one  of 
the  most  prevalent  and  distressing  epidemics  from  which 
former  generations  had  to  suffer.  The  study  of  animated 
nature,  the  observation  of  the  sky  and  the  heavens,  have 
always  been  favourite  occupations  of  Englishmen.  The 
love  of  travels  abroad  and  of  the  country  at  home  has 
favoured  a  close  intercourse  with  nature.  A  fickle  and 
humid  climate  invited  the  superior  skill  of  the  agriculturist 
and  the  gardener,  and  rewarded  them  with  heavier  crops 
and  more  luxuriant  verdure.^    The  chill  of  the  long  winter 


gical  Reform"  (1869.  Reprinted 
in  *Lay  Sermons  and  Addresses,' 
No.  11).  He  is  there  considered 
as  the  first  representative  of  **  Uni- 
formitarianism "  against  the  older 
*' Catastrophism."  Uniformitarian- 
ism  has  been  followed  by  "  Evolu- 
tionism." 

^  Edward  Jenner  (1749-1823), 
one  of  the  greatest  benefactors  of 
mankind,  spent  twenty  years  on 
the  farms  of  Gloucestershire,  fol- 
lowing the  advice  of  his  friend  and 
master  John  Hunter,  "  Don't  think, 
but  try,"  before  he  undertook  the 
first  inoculation  of  cowpox  on  the 
14th  of  May  1796.  About  the  end 
of  the  century  the  process  of  vacci- 
nation, which  dispelled  the  older 
process  of  inoculation — introduced 
into  England  by  Lady  Fary  W. 
Montagu  in  1721  —  had  become 
generally  known  in  Europe.  The 
governments  of  the  Revolution  in 
France  and  the  Academy  of  Sci- 
ences had  at  the  end  of  the  century 
occupied   themselves  a  good   deal 


with  the  cure  of  smallpox,  both  Vol- 
taire and  d'Alembert  having  taken 
great  interest  in  the  subject. 

^  The  yield  of  an  acre  in  wheat 
is  in  England  about  30  bushels  or 
one  ton  of  grain  ;  next  comes  Bel- 
gium, then  Germany,  then  France  ; 
the  average  yield  in  the  United 
States  of  America  is  barely  one- half 
of  that  in  England.  The  yield  of 
an  acre  in  Scotland  exceeds  slightly 
that  in  England.  In  Scotland  farm- 
ing is  carried  on  with  much  skill 
and  enterprise,  and,  in  spite  of  the 
severe  climate,  gardening  is  prob- 
ably further  developed  there  than 
in  any  other  country.  It  appears 
that  the  first  voluntary  organisa- 
tion for  the  improvement  of  agri- 
culture was  the  "Society  of  Im- 
provers in  the  Knowledge  of  Agri- 
culture  in  Scotland"  formed  in 
1723,  of  which  the  Earl  of  Stair 
was  one  of  the  leaders.  Though  it 
counted  300  members,  it  was  short- 
lived :  its  *  Select  Transactions  * 
were  published  by  Maxwell  in  1743. 
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Stimulated  active  exercise  and  outdoor  sport ;  the  abun- 
dant rains,  which  fed  the  many  rivulets  with  a  constant 
supply  of  fresh  water,  suggested  the  cultivation  of  that 
pastime  of  which  Izaak  Walton  had  left  a  classical  de- 
scription, long  before  Kousseau  in  France  made  the  love 
of  nature  a  fashionable  sentiment.  Lord  Bacon  pointed 
to  the  study  of  natural  phenomena  as  the  only  source 
of  knowledge.  Evelyn  wrote  a  treatise  on  forest-trees, 
and  the  old-fashioned  English  flower-garden  is  immor- 
talised in  Bacon's  'Essays,'  in  the  "Winters  Tale,"  in 
Cowper's  ''  Task,"  and  in  the  works  of  many  other  poets. 
Through  the  literature  of  the  eighteenth  century  there 
runs  a  vein  of  increasing  love  and  knowledge  of  natural 
objects  and  natural  scenery,  beginning  in  Thomson  and 
Gray,  widening  and  deepening  in  Erasmus  Darwin  and 
Cowper,  and  attaining  full  vigour  and  originality  in 
Burns  and  Wordsworth,  as  also  in  the  school  of  English 
landscape-painting.     William  and  Caroline  Herschel  com- 


Next  came  the  Bath  and  West  of 
England  Society,  1777 ;  the  High- 
land  Society,  1784;  and  the  Na- 
tional Board  of  Agriculture,  1793. 
The  'Farmer's  Magazine'  was  start- 
ed in  1800.  About  the  same  time 
that  Lawes  and  Gilbert  in  England 
and  Liebig  in  Germany  gave  such 
an  impetus  to  scientific  farming 
through  their  experiments  and  pub- 
lications, "  Mr  John  Finnie  at  Swan- 
ston,  near  Edinburgh,  having  sug- 
gested (1842)  to  some  of  his  neigh- 
bours the  desirableness  of  obtaining 
the  aid  of  chemistry  to  guide  far- 
mers in  many  departments  of  their 
business,  the  hint  was  promptly 
acted  upon,  and  these  Mid-Lothian 
tenant-farmers  had  the  merit  of 
originating  an  Agricultural  Chem- 
istry Association  (the  first  of  its 


kind),  by  which  funds  were  raised, 
and  an  eminent  chemist  engaged  " 
('Ency.  Brit.,'  article  "Agricul- 
ture," vol.  i.  p.  305).  There  is  pro- 
bably no  country  where  farming  is 
such  a  favourite  pursuit  of  gentle- 
men of  leisure  and  wealth  as  Great 
Britain,  or  where  the  intelligence 
of  higher  society  and  of  the  univer- 
sities is  so  liberally  transferred  to 
the  benefit  of  the  country,  of  its 
population,  its  crops,  and  its  live- 
stock. Among  many  examples  of 
the  past  and  present  I  mention  as 
an  outcome  of  this  spirit  the  little 
volume  by  Sir  Thomas  Dyke  Ac- 
land,  *  On  the  Chemistry  of  Farm- 
ing' (London:  Simpkin  &  Co., 
1891),  and  his  liberal  patronage 
of  agriculture  in  the  west  of  Eng- 
land. 
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menced  the  long  line  of  amateur  star-gazers  of  this 
country ;  Luke  Howard's  study  of  clouds  drew  from  the 
kindred  spirit  which  lived  in  the  great  Goethe  a  loving 
memorial ;  ^  and  John  Dal  ton  was  induced  by  the  mists 
and  fogs  of  his  native  lake  country  to  join  in  the  foun- 
dation of  the  modem  science  of  meteorology. 
48.  We  now  discover  the  reason  why  the  strong  individual - 

Union  of  in-    .  o     i         t-«       t   i        i  i  •   i  i  j 

dividiiaiiam  ism  01  the  English  character,  which  prompted  new  de- 

and  natural-  ^ 

En^  la  d-  P^rturcs  and  inspired  new  ideas  in  science,  as  it  produced 
adventures  and  novel  enterprise  in  life  and  arts,  has  not 
more  frequently  led  to  discouraging  failures  in  the  latter, 
or  to  eccentricity  and  dreaminess  in  the  former;  why  it 
has,  on  the  whole,  alike  in  practical  work  and  in  scientific 
study,  been  rewarded  by  signal  success.  The  rare  genius, 
gifted  with  the  power  of  original  thought,  who  found  no 
academy  ready  to  call  him,  no  schools  where  he  could  be 
trained,  no  university  eager  to   nurse  and  develop  his- 


1  Luke  Howard  (1772-1864),  a 
member  of  the  Society  of  Friends, 
was  one  of  the  many  lovers  of  nature 
and  amateur  naturalists  of  this 
country  in  whom  new  sciences — like 
that  of  meteorology  —  are  nursed 
during  their  unpretentious  infancy. 
He  himself  gave  a  simple  narrative 
of  his  life  and  doings  to  the  great 
Goethe,  who,  attracted  by  his  at- 
tempted classification  of  clouds 
(about  1802,  published  in  his  'Cli- 
mate of  London'),  had  addressed 
some  lines  to  him,  accompanying 
them  by  a  statement  in  verse  of 
Howard's  description  of  the  stratus, 
cumulus,  cirrus,  and  nimbus  : — 

"Er  aber,   Howard,  giebt   mit   reinem 

Sinn 
Uns  neuer  Lehre  herrlichsten  Gewinn  : 
Was  sich  nicht  halten,  nicht  erreichen 

lasst, 
Er  fasst  es  an,  er  halt  zuerst  es  fest ; 


Bestimmt  das  Uubestimmte,  schrankt  es 

ein, 
Benennt  es  treffend  !— Sey  die  Ehre  Dein  t 
Wie  Streife  steigt,  sich  ballt,  zerflattert, 

fallt, 
Erinnre  dankbar  Deiner  sich  die  Welt." 

Goethe  subsequently  tried  to  get 
some  information  about  Howard's 
way  of  life,  "so  that  I  might  see 
how  such  a  mind  is  formed,  what 
opportunities,  what  circumstances, 
have  led  him  ^into  ways  of  looking 
at  Nature  naturally,  have  taught 
him  how  to  devote  himself  to  her,  so 
as  to  find  her  laws  and  to  prescribe 
these  again  to  her  in  a  natural  human 
manner."  In  his  autobiographical 
narrative  (reprinted  in  the  last  vol- 
ume of  Goethe's  Works)  Howard 
refers  to  the  meteoric  phenomena 
of  1783,  mentioned  also  in  Cow- 
per's  Letters  (13th  June  1788),  and 
White's  *  History  of  Selbome. ' 


talent,  did  not  retire  into  the  depths  of  his  own  con- 
sciousness, or  surround  himself  with  the  artificial  at- 
mosphere of  erudition.  The  result  of  such  a  process 
can  be  abundantly  traced  in  other  countries  and  other 
literatures.  In  England  the  isolation  from  society  and 
the  solitariness  of  genius  threw  him  into  the  arms  of 
Nature,  and  she  has  in  many  instances,  in  science,  in 
poetry,  and  in  art,  rewarded  and  refreshed  him  by  a 
novel  inspiration — she  has  lifted  her  veil  to  his  loving 
eye  and  revealed  to  him  one  of  her  secrets.  The  in- 
dividualism of  English  science  has  been  tempered  by 
its  naturalism.  A  type  of  this  peculiar  form  of  the 
naturalist  was  Gilbert  White,  the  natural  historian  of 
Selborne.^ 


^  A  long  list  might  be  given  of 
these  retired  nature -loving  souls, 
among  whom  Charles  Darwin  will 
always  rank  as  the  greatest  and 
most  conspicuous.  I  give  here  a 
few  names  in  addition  to  those 
mentioned  in  the  text. 

John  Gough  of  Kendal  (1757- 
1825)  might,  according  to  John 
Dalton  (see  his  Life  by  Henry,  pp. 
9  and  10),  "be  deemed  a  prodigy 
in  scientific  attainments.  .  .  .  De- 
prived of  sight  in  infancy  by  the 
smallpox,  .  .  .  possessing  great 
powers  of  mind,  he  bent  them 
chiefly  to  the  study  of  the  physical 
and  mechanical  sciences.  It  was  he 
who  first  set  the  example  of  keeping 
a  meteorological  journal  at  Kendal ; 
...  he  knew  by  the  touch,  taste, 
and  smell  almost  every  plant  within 
twenty  miles ;  he  could  reason  with 
astonishing  perspicuity  on  the  con- 
struction of  the  eye,  the  nature  of 
light  and  colours,  and  of  optic 
glasses,"  &c.,  &c.  For  about  eight 
years  Dalton  and  he  were  intimately 
acquainted. 


George  Edwards  (1694-1773)  of 
Stratford,  Essex,  was  the  author  of 
the  'History  of  Birds,'  which  he 
published  between  1743  and  1764 
in  six  volumes.  He  had  journeyed 
through  France  and  other  countries, 
and  gave  engravings  of  six  hundred 
subjects  not  before  delineated  by 
naturalists. 

Still  more  remarkable  was  Thomas 
Edward  (1814-86),  the  shoemaker 
of  Banff,  who,  having  been  turned 
out  of  three  schools  for  his  zoolo- 
gical propensities,  without  friends, 
without  a  single  book  on  natural 
history,  not  knowing  the  names  of 
the  creatures  he  found,  gained  a 
knowledge  unique  in  its  freshness 
and  accuracy.  At  the  University 
of  Aberdeen,  where  he  exhibited 
his  collections,  he  was  told  by  the 
professors  that  he  came  "several 
centuries  too  soon,"  as  they  had 
then  no  chair  of  Natural  History. 
His  life  has  been  written  by  Smiles, 
1876. 

Edward  Forbes  (1815-54)  of 
Douglas,  Isle  of  Man,  a  born  lover 
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49. 

White  of 
Selborne. 


Not  long  after  Eay  and  Linnaeus  had  attempted  the 
artificial  and  logical  classification  of  living  beings,  and 
about  the  same  time  that  BufPon  in  France  infused  into  the 
literature  of  his  country  a  somewhat  pretentious  love  of 
nature,  Gilbert  White,  in  a  simpler  and  more  healthy  style, 
betook  himself  to  describe  the  aspect  that  nature  presented 
when  viewed  from  the  quiet  home  of  an  English  country 
parson.     He  may  be  said  to  have  represented  that  other 


of  nature,  "led  an  unusually  full 
life,  occupied  in  promoting  science 
and  arousing  enthusiasm  and  awak- 
ening intelligence  in  others.  To 
almost  every  department  of  biology 
he  rendered  much  service,  especially 
by  connecting  various  branches  to- 
gether and  illustrating  one  by  the 
other.  Though  his  published  works 
have  been  few,  his  ideas  have  been 
as  the  grain  of  mustard-seed  in  the 
parable"  ('Dictionary  of  National 
Biography  ').  After  holding  various 
badly  paid  ofl&ces  in  London  and 
elsewhere,  he  succeeded  Robert 
Jameson  as  Professor  of  Natural 
History  at  Edinburgh  (see  *  Memoir 
of  E.  Forbes,'  by  G.  Wilson  and  A. 
Geikie,  1861). 

Hugh  Miller  (1802-56),  the  self- 
taught  stonemason  of  Cromarty, 
combined  the  soul  of  an  artist  with 
that  of  a  naturalist.  His  writings 
occupy  a  place  by  themselves  in 
English  Literature.  "The  principal 
scene  of  his  own  investigations  was 
the  Cromarty  district,  where  he 
ransacked  every  wrinkle  of  the  hill- 
side, and  traced  every  stratum  sawn 
through  by  the  watercourse,  and 
where  on  the  beach  at  ebb,  in  in- 
durated clay  of  bluish  tint  and 
great  tenacity,  belonging  to  the  old 
Red  Sandstone  formation,  he  dis- 
covered and  dug  out  nodules  which, 
when  laid  open  by  a  skilful  blow  of 
the  hammer,  displayed  organisms 
that  had  never  been  seen  by  the 
human  eye."     In  September  1840 


there  appeared  in  the  *  Witness '  a 
series  of  articles  entitled  "  The  Old 
Red  Sandstone."  They  formed  the 
nucleus  of  a  book  of  this  title  which 
established  the  reputation  of  Miller 
as  an  original  geologist,  as  a  prac- 
tical thinker  and  fascinating  writer. 
*My  Schools  and  Schoolmasters'  is  a 
masterpiece  of  the  English  language. 
"  In  an  age  prodigal  of  genius,  yet 
abounding  also  in  extravagance, 
glare,  and  bombast,  the  self-edu- 
cated stonemason  wrote  with  the 
calmness  and  moderation  of  Addi- 
son." "The  fossil  remains  seem 
in  his  glowing  pages  to  live  and 
flourish,  to  fly,  swim,  or  gambol,  or 
to  shoot  up  in  vegetative  profusion 
and  splendour,  as  in  the  primal 
dawn  of  creation"  (Carruthers, 
quoted  by  Peter  Bayne  in  *The 
Life  and  Letters  of  Hugh  Miller,' 
2  vols.,  1871). 

David  Robertson,  the  naturalist 
of  Cumbrae  in  the  Firth  of  Clyde 
(born  in  1806),  was  a  farm-labourer 
till  he  was  twenty  -  four,  then 
took  to  the  study  of  medicine, 
and  had  afterwards  for  many 
years  a  china  and  hardware  shop 
in  Jail  Square,  Glasgow.  He 
gained  a  sufficient  independence  to 
be  able  to  retire  in  1860  to  Great 
Cumbrae,  where  he  devoted  the 
rest  of  his  life  to  a  study  of  nature. 
Especially  in  "the  marine  section, 
by  his  own  unaided  efforts,  he 
opened  up  in  a  remarkable  degree 
the  zoology  of  the  Firth  of  Clyde. 


side  of  natural  science,  which  does  not  try  to  comprehend 
nature  through  the  artificial  arrangement  or  classification 
of  a  museum,  but  in  those  connections,  among  her  own 
animate  and  inanimate  objects,  which  constitute  reality, 
and  are  the  characteristics  of  life  and  development.  It 
was  the  real,  not  the  artificial,  Jardin  des  Plantes, 
where  he  and  his  successors  tried  to  study  natural 
objects  and  the  habits  of  living  beings.^     Another  re- 


Many  animals,  till  then  accounted 
rare,  are  now  known  to  exist  as 
common  objects,  while  the  annals 
of  science  have  received  many  im- 
portant additions  of  animals  alto- 
gether new  to  natural  history 
records  —  discoveries  which  have 
caused  the  Firth  of  Clyde,  and  more 
particularly  the  Cumbrae  Islands, 
to  become  one  of  the  best  explored 
and  most  widely  known  districts 
of  Britain "  (Gray,  Secretary  of 
the  Glasgow  Natural  History  So- 
ciety, quoted  by  Thomas  R.  R. 
Stebbing  in  his  *  Naturalist  of  Cum- 
brae,' London,  1891). 

William  Pearson  (1767-1847)  of 
Borderside,  Crosthwaite,  near  Ken- 
dal, was  a  self-educated  yeoman, 
who  after  many  years  spent  in  a 
bank  at  Manchester  retired  to  a 
small  patrimonial  estate  on  the 
southern  border  of  Westmorland. 
He  possessed  a  choice  collection  of 
books,  representing  fully  the  English 
poets  of  all  ages,  and  in  translation 
the  best  German  authors.  "Of 
the  habits  of  birds  and  other  native 
creatures  around  him  he  was  a 
watchful  observer,  and  he  described 
them  in  purest  English  with  a 
charm  that  suggested  no  disadvan- 
tageous comparison  with  White  of 
Selborne "  (see  Groves,  '  Life  of 
Hamilton,'  vol.  iii.  p.  15).  He  was 
a  friend  of  Wordsworth. 

To  this  list,  which  could  be  in- 
definitely extended,  I  might  add 
another,    beginning    with    Thomas 

VOL.  I. 


Bewick  (1753-1828),  the  reviver  of 
wood  -  engraving  in  England,  who 
lent  his  art  and  life  to  the  delinea- 
tion of  nature.  *  British  Birds  ' 
(1797-1804)  is  a  standard  work  on 
the  borderland  of  art  and  science, 
in  which  many  other  British  artists 
have,  in  humbler  or  more  extensive 
fields,  laboured  with  so  much  faith- 
fulness and  success. 

^  The  '  Complete  Angler '  and  the 
'Natural  History  of  Selborne,'  are 
types  of  a  class  of  literature  peculiar 
to  this  country.  In  these  classical 
productions  we  are  introduced  into 
the  nursery  of  English  thought,  po- 
etry— nay,  of  science  itself.  These, 
as  the  nation  draws  ultimately  its 
wealth  from  the  produce  and  culture 
of  the  land,  on  their  part  receive 
valuable  ideas  from  a  study  of 
nature.  The  purity  and  origin- 
ality of  English  art  and  poetry  have 
their  home  in  the  same  region. 
Gilbert  White  (1720-93)  was  born 
and  lived  in  the  little  Hampshire 
village  of  Selborne.  He  was  one  of 
five  brothers,  all  of  whom,  in  vari- 
ous positions  and  vocations  of  life, 
followed  the  study  of  nature  in  its 
minute  and  local  aspects,  combining 
with  it  an  antiquarian  taste.  He 
may  not  only  be  classed  with  the 
naturalists,  but  belongs  also  to  that 
class  of  writers,  peculiar  also  to  Eng- 
land, who  devote  their  time  to  the 
compilation  of  local  records,  of 
county  histories,  and  to  the  preser- 
vation of  the  relics  and  memorials 
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action  against  the  theorising  methods  which  had  come 
over  from  the  Continent  led  to  the  formation  of  the 
Geological  Society  in  the  year  1807.  At  that  time 
the  war  of  the  Wernerians  and  Huttonians,  or,  as  they 
were  also  called,  the  Xeptunists  and  Plutonists,  was  rag- 
50.        ing  in  the  northern  metropolis.     The  Geological  Society 

TheGeologi-        ^  .  ti  ij.-    ^  A 

cai  Society,  of  London  was  established  with  a  view  to  multiply  and 
record  observations,  and  patiently  to  await  the  result  at 
some  future  period — that  is,  its  founders  resolved  to  apply 
themselves  to  descriptive  geology,  thinking  the  time  not 
come  for  that  theoretical  geology  which  had  then  long 
fired  the  controversial  ardour  of  Neptunists  and  Plu- 
tonists." ^     Fifty  years  after  the  formation  of  this  society 


of  country  life  in  bygone  centuries. 
The   series   of  letters   written  be-    \ 
tween    the    years    1765   and    1787    ! 
containing    ' '  the    observations    of   | 
forty  years,"  and  published,   1789, 
with  the  title  '  The  Natural  History 
and  Antiquities  of   Selborne,'  had 
the   object  "of  laying  before   the 
public  his  idea  of  parochial  history, 
which,  he  thinks,  ought  to  consist 
of   natural  productions  and  occur- 
rences as  well  as  antiquities."     To 
him  "nature  is  so  full  that  that  dis- 
trict produces  the  greatest  variety 
which  is  the  most  examined."     He 
early   insists    on    the   necessity   of 
monographs    in    natural    history ; 
suggests  the  usefulness  of  a  "  full 
history  of  noxious  insects";   gives 
in  a  series  of  letters  a  faithful  and 
minute  description  of  the  swallow 
tribe    as    they    are    found    in   his 
country  ;    traverses  the  Downs   of 
Surrey  with  a  loving  eye  a  hundred 
years  before  they  became  celebrated 
through  the  greater  Darwin  ;  makes 
valuable  observations  about  "earth- 
worms,"  suggesting  a   monograph 
on  them  ;  suggests,  in  an  age  which 
was  governed  by  the  systematising 


mania,  that  *'the  botanist  should 
study  plants  philosophically,  should 
investigate  the  laws  of  vegetation, 
should  promote  their  cultivation, 
and  graft  the  gardener,  the  planter, 
and  the  husbandman  on  the  phy- 
tologist,"  as  "system  should  be 
subservient  to,  not  the  main  object 
of,  pursuit." 

1  "The  one  point   the   catastro- 
phists     and     the     uniformitarians 
agreed  upon  when  this  society  was 
founded  was  to  ignore  it  [viz.y  geo- 
logical speculation].     And  you  will 
find,  if  you  look  back  into  our  re- 
cords, that  our  revered  fathers  in 
geology  plumed  themselves  a  good 
deal  upon  the  practical  sense  and 
wisdom  of  this  proceeding.      As  a 
temporary  measure  I  do  not  pre- 
sume to  challenge  its  wisdom  ;  but 
in  all  organised  bodies  temporary 
changes  are   apt  to  produce   per- 
manent effects;    and  as   time  has 
slipped  by,  altering  all  the  condi- 
tions which  may  have  made  such 
mortification  of  the  scientific  flesh 
i   desirable,  I  think  the  effect  of  the 
stream   of   cold   water  which   has 
steadily  flowed  over  geological  specu- 


the  author  from  whom  I  quote,  Dr  Wheweil,  in  the  third 
edition  of  his  '  History  of  the  Inductive  Sciences/  could 
still  say  that  "their  task  was  not  yet  finished,  their  mis- 
sion not  yet  accomplished — that  they  had  still  much  to 
do  in  the  way  of  collecting  facts ;  and  in  entering  upon 
the  exact  estimation  of  causes,  they  have  only  just  thrown 
open  the  door  of  a  vast  labyrinth  which  it  may  employ 
many  generations  to  traverse,  but  which  they  must  needs 
explore  before  they  can  penetrate  to  the  Oracular  Chamber 
of  Truth."  ^  One  of  the  many  individuals  in  this  country 
who  "  had  long  pursued  his  own  thoughts  without  aid  and  siiVth, 
without  sympathy  "  ^  was  William  Smith.     "  No  literary 


5L 

William 


lation  within  these  walls  has  been 
of  doubtful  beneficence"  (Huxley 
on  "Geological  Reform,"  Address 
to  the  Geological  Society,  1869  ; 
reprinted  in  'Lay  Sermons,'  &c., 
1891,  p.  207). 

1  See  Wheweil,  'History  of  the 
Inductive  Sciences,'  3rd  ed.,  vol.  iii. 
pp.  428,  518.  Lyell,  *  Principles  of 
Geology,'  3rd  ed.,  vol.  i.  p.  102,  &c. 

^  Wheweil,  loc.  cit.,  vol.  iii.  p. 
427.  William  Smith  (1769-1839), 
a  native  of  Oxfordshire,  has  been 
called  the  Father  of  English  Geo- 
logy. He  was — like  so  many  other 
naturalists  of  this  country  —  an 
a;mateur  in  his  scientific  studies, 
which  were  conducted  on  the  occa- 
sions of  his  elaborate  surveys  of 
Oxfordshire,  Warwickshire,  and 
Somersetshire  in  connection  with 
the  engineering  of  several  canals. 
He  initiated  in  England  the  science 
called  on  the  Continent  "Strati- 
graphy," observed  the  successive 
layers  in  the  geological  structure 
of  the  country,  and  in  1799  pre- 
pared a  tabular  view  of  the  order 
of  the  strata  and  their  organic 
remains  in  the  neighbourhood  of 
Bath.     For  many  years  after  this 


he  was  occupied  in  preparing  his 
Geological    Map    of    England    and 
Wales,  which  appeared  on  the  five 
miles  to  the  inch  scale  in  1815  in 
fifteen  sheets.     He  was  popularly 
known  as  "  Stratum   Smith,"  but 
remained  almost  unknown  abroad, 
as  he  himself  also  seems  to  have 
taken  little  notice  of  Continental 
geology     or     prevailing     theories. 
Though  he  began  earlier  than  Cu- 
vier   and  Brongniart,  they   antici- 
pated  him  by  publishing  in   1811 
their   mineralogical   description   of 
the  Paris  Basin,  thus  becoming  the 
founders  of  the  science  of  palaeon- 
tology   (see    Peschel,    'Geschichte 
der  Erdkunde,'  Miinchen,  1877,  p. 
714,  &c.)     Of  the  Geological  Map 
Lyell  says  ('Principles  of  Geology,' 
vol.  i.  p.  101)  that  it  "remains  a 
lasting  monument  of  original  talent 
and  extraordinary  perseverance ;  for 
he  had  explored  the  whole  country 
on  foot  without  the  guidance   of 
previous  observers  or  the   aid   of 
fellow-labourers,  and  had  succeeded 
in  throwing  into  natural  divisions 
the    whole    complicated    series    of 
British  rocks." 
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62. 

Charles  BelL 


cultivation  of  his  youth  awoke  in  him  the  speculative 
love  of  symmetry  and  system ;  but  a  singular  clearness 
and  precision  of  the  classifying  power,  which  he  possessed 
as  a  native  talent,  was  exercised  and  developed  by  exactly 
those  geological  facts  among  which  his  philosophical  task 
lay.  Some  of  the  advances  which  he  made  had  been 
entered  upon  by  others  who  preceded  him;  but  of  all 
this  he  was  ignorant,  and  perhaps  went  on  more  steadily 
and  eagerly  to  work  out  his  own  ideas  from  the  persuasion 
that  they  were  entirely  his  own."  In  what  he  did  and 
published,  beginning  with  the  year  1790,  "we  see  great 
vividness  of  thought  and  activity  of  mind  unfolding  itself 
exactly  in  proportion  to  the  facts  with  which  it  had  to 
deal."  ^ 

About  the  same  time  that  geological  studies  received  a 
great  impe'tus  in  this  country  from  two  distinct  centres — 
the  philosophical  teaching  in  the  Scotch  metropolis,  and 
the  more  empirical  labours  of  the  Geological  Society — a 
signal  discovery  in  another  line  marked  a  great  step  in 
anatomy  and  physiology.  This  was  Charles  Bell's  dis- 
covery, in  the  year  1807,  of  the  difference  between  sensory 
and  motor  nerves,  "doubtless  the  most  important  accession 
to  physiological  knowledge  since  the  time  of  Harvey."  ^ 


1  Whewell,  loc.  cit.,  p.  423. 

2  This  statement,  taken  from  Dr 
Henry's  '  Report  of  the  British  As- 
sociation,' vol.  vi.,  and  repeated  by 
Whewell  {loc.  cit,  vol.  iii.  p.  352), 
probably  requires  a  correction,  since 
Du  Bois-Reymond  and  others  have 
placed  in  their  true  historical  posi- 
tion the  great  merits  of  Descartes, 
who  by  the  discovery  of  the  principle 
of  "reflex  action"  "did  for  the 
physiology  of  motion  and  sensation 
that  which  Harvey  had  done  for 


the  circulation  of  the  blood,  and 
opened  up  that  road  to  the  me- 
chanical theory  of  these  processes 
which  has  been  followed  by  all  his 
successors"  (Huxley  in  ihis  address 
to  the  British  Association  at  Bel- 
fast, 1874;  reprinted  in  *  Science 
and  Culture,  &c.,'  p.  200,  &c.)  The 
first  enunciation  of  the  principle  of 
reflex  action  had  been  variously 
ascribed  to  Joh.  Miiller,  Prochaska, 
Willis,  till  Du  Bois-Reymond  in  his 
most  interesting  '  Gediichtnissrede 


Bell's  career  was  a  unique  one.  He  had  early  severed 
his  connection  with  the  great  medical  schools  of  Edin- 
burgh, where  his  brother  taught.  He  lectured  and  prac- 
tised privately  in  London,  where  he  gained  a  considerable 
reputation ;  but  in  his  case  also  it  was  on  the  Continent 
that  his  greatness  was  more  generally  recognised.  As  in 
Dalton's  case,  his  countrymen  were  slow  to  do  him  justice.^ 
In  France  he  had  so  great  a  name   that  a  celebrated 


auf  Joh.  Miiller'  (Berlin  Acad., 
1859)  showed  how  the  merit  of 
enunciating  it  is  due  to  Descartes, 
whose  tract  on  'Les  Passions  de 
I'Ame'  was  published  in  1649. 
Both  Du  Bois-Reymond  and  Huxley 
give  full  extracts  from  the  writings 
of  Descartes.  There  seems,  however, 
to  be  some  doubt  to  what  extent 
Descartes  substantiated  his  mechan- 
ical view  of  the  action  of  the  nei-v- 
ous  system  by  actual  experiments. 
Richet  in  his  'Physiologic  des 
Muscles  et  des  Nerfs'  (Paris,  1882, 
p.  505,  &c.)  refers  to  this,  and 
while  giving  Descartes  his  due, 
also  says  that  practically  from  the 
time  of  Galen  to  Charles  Bell  no 
marked  progress  had  been  made 
in  the  knowledge  of  the  nervous 
system,  and  that  this  belongs  al- 
most entirely  to  the  nineteenth 
century  (pp.  502,  507,  514).  Huxley, 
who  takes  a  much  higher  view  of 
the  merits  of  Descartes,  says  he 
was  not  only  a  speculator,  but  also 
an  observer  and  dissector  {loc.  cit.^ 
p.  201),  and  actually  places  him 
at  the  head  of  modem  physiology 
(p.  334,  &c.) 

1  Charles  Bell  (1774-1842)  was 
bom  at  Edinburgh.  His  elder 
brother,  John  Bell  (1763-1820), 
who  was  a  lecturer  of  great  repute 
in  the  extra-mural  School  of  Surgery 
at  Edinburgh,  first  drew  his  atten- 
tion to  the  medical  profession.  It 
■was  only  late  in  life,  and  after  he 


had  gained  his  European  renown, 
that  he  was  appointed  to  the  Chair 
of  Surgery  at  the  University  of 
Edinburgh,  which  had  been  created 
in  1831,  and  it  does  not  appear 
that  he  was  at  all  sufficiently  ap- 
preciated in  this  position  :  he  used 
to  say,  "  I  seem  to  walk  in  a  city  of 
tombs,"  being  unknown  in  the  city 
of  his  birth  (see  Sir  A.  Grant, 
'  University  of  Edinburgh,'  vol.  ii. 
p.  453).  Whilst  Charles  Bell  es- 
tablished the  difference  of  sensory 
and  motor  nerves,  and  dispelled 
"the  confusion  which  prevailed  up 
to  that  time  in  the  minds  of  anato- 
mists and  physiologists  regarding 
the  functions  of  the  various  nerves,'* 
the  merit  of  proving  by  strict  ex- 
periment the  correctness  of  Bell's 
theorem  belongs  to  Johannes  Miiller 
(1831),  who  showed  it  in  the  frog, 
and  to  Magendie  and  Longet,  who 
succeeded  in  exhibiting  it  in  warm- 
blooded animals.  Up  to  the  date 
of  Miiller's  experimental  proof  no- 
body regarded  "Bell's  doctrine  as 
more  than  an  ingenious  and  indeed 
plausible,  but  nevertheless  not  suf- 
ficiently demonstrated,  idea"  (see 
Du  Bois-Reymond,  '  Reden,'  vol.  ii. 
p.  176,  &c.  ;  also  Henle's  descrip- 
tion of  the  demonstration  given  by 
Miiller  in  Paris  on  the  13th  Sep- 
tember 1831  to  Humboldt,  Dutro- 
chet,  Valenciennes,  and  Laurillart, 
in  'Jacob  Henle,'  by  Merkel,  1891, 
p.  83). 
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anatomical  professor,  when  Bell  visited  his  lecture-room, 
dismissed  his  class  with  the  words,  "  C'est  assez,  messieurs, 
vous  avez  vu  Charles  Bell." 

In  Germany  one  of  the  great  achievements  of  Johannes 
Miiller,  through  which  he  acquired  European  celebrity, 
was  his  actual  experimental  proof  of  Bell's  thesis,  with 
which  he  had  occupied  himself  for  many  years. 

Instances  might  be  indefinitely  multiplied,  showing  the 
individual  greatness,  but  also  the  isolation,  of  English 
men  of  science  and  their  discoveries ;  how  the  latter  ema- 
nated so  frequently  from  the  depths  of  original  genius 
in  intimate  communion  with  nature ;  how  they  as  fre- 
quently lacked  those  social  advantages,  that  organisation 
for  development,  which  the  great  schools  and  establish- 
ments of  the  Continent  all  through  the  century  have  pos- 
sessed in  so  eminent  a  degree.  Not  only  in  the  study 
of  nature  has  this  individual  character  of  British  research 
shown  itself,  though  it  is  here  most  conspicuous.  In  the 
exploration  of  foreign  lands  and  the  monuments  of  by- 
gone civilisations — in  the  historical  branches  of  research, 
we  meet  with  similar  pioneer  work.  Who  does  not  recall 
the  names  of  Dr  Young  and  of  Layard  ?  I  will  mention 
only  one  instance  of  this  kind,  where  individual  ability 
joined  to  fortuitous  circumstances  laid  the  foundation  of 
a  new  branch  of  research  on  the  borderland  of  natural 
and  political  history,  the  geography  of  ancient  and  modern 
G-reece — the  exploration  of  the  land  which  produced  the 
most  remarkable,  and  perhaps  the  most  intense,  culture 
which  the  world  has  yet  seen.     Note  what  Ernst  Curtius  ^ 


says, — the  man  to  whom  we  are  most  indebted  for  the 
systematic  historical  and  artistic  study  of  this  remarkable 
country ;  whose  mind  has  better  than  any  other  succeeded 
in  representing  to  itself  the  natural  and  ideal  features  of 
that  country  and  that  bygone  race,  and  who  has  drawn  in 
his  writings  a  series  of  pictures,  reproducing  that  past 
glory  in  unequalled  perfection.  In  tracing  the  begin- 
nings of  the  modern  science  of  archaeology  or  historical 
geography,  he  assigns  to  England  and  Englishmen  a  fore- 
most place  as  pioneers.  "  In  England  there  was  no  medi- 
aeval tradition  which  suggested  expeditions  to  the  East, 
nor  did  there  exist  any  external  occasion  or  public  inter- 
est, but  it  was  a  free  and  purely  human  attraction  which 
led  Britons  to  the  classical  soil,  and  private  means  have 
made  all  the  sacrifices  that  were  required  in  order  to 
satisfy  a  craving  of  the  soul.^  .  .  .  England  became  the 


^  See  his  essay  in  the  'Preussische 
Jahrbucher,'  vol  38,  on  M.  W. 
Leake,    and   his   discourse,    *'Der 


Wetteifer  der  Nationen  in  der 
Wiederentdeckung  der  Lander  des 
Alterthums"  (1880),  both  reprint- 


ed in  that  valuable  collection,  *  Al- 
terthum  und  Gegenwart,'  3  vols., 
Berlin,  1882  and  1889.  In  the  re- 
discovery of  the  countries  of  ancient 
civilisation,  Italians  made  the  be- 
ginning with  Cyriacus  of  Ancona 
(from  1412  to  1442).  Then  follow 
the  French — Jacob  Spon  of  Lyons, 
a  German  by  birth,  being  among 
the  earliest  (1675).  The  generation 
that  succeeded  the  age  of  Scaliger 
produced  the  first  maps  of  Greece 
(Paulmier).  Then  follows  England, 
where  the  name  of  Arundel  has  ac- 
quired a  doubtful  celebrity  through 
that  wholesale  acquisition  of  an- 
cient relics  which  Mr  (afterwards 
Sir  William)  Petty  and  John  Evelyn 
carried  on  in  his  name  in  Greece 
and  Asia  Minor.  It  is  interesting 
to  note  here  the  position  that  Ger- 
many holds  in  the  growing  science 
of  archaeology,  of  which  Winckel- 
mann  may  be  considered  the  foun- 
der.    *'The  Germans  possessed  no 


advantages  and  resources  by  which 
they  could  take  part  in  the  con- 
test of  nations  over  the  rediscovery 
of  the  countries  of  ancient  history. 
.  .  .  Whilst  in  Italy  it  was  national 
feeling,  in  France  political  relations 
with  the  East,  in  England  the  love 
of  collecting  and  travelling  common 
amoDg  the  aristocracy,  which  estab- 
lished the  connection  of  the  Old 
World  with  the  New,  in  Germany 
it  was  the  workroom  of  the  profes- 
sor" (Curtius, loc.  cit.,\o\.  ii.  p.  229). 
^  E.  Curtius,  loc.  cit,  vol.  ii.  p.  226. 
"In  the  year  1742  Stuart  and 
Revett  wandered  among  the  ruins 
of  Rome,  and  recognised  that  in 
its  relics  they  beheld  only  later  and 
degenerate  forms  of  ancient  art. 
Six  years  later  they  set  sail  for 
Greece.  It  was,  after  Cyriacus  of 
Ancona  and  Jacob  Spon  of  Lyons, 
the  third  journey  of  exploration  ; 
but  it  was  the  first  in  scientific  im- 
portance" (p.  227). 
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treasury  of  the  wonders  of  the  East,  and  whilst  the  Con- 
tinent was  closed  to  her,  her  travellers  flocked  to  Hellas, 
registering  with  marvellous  patience,  watch  in  hand,  on 
the  back  of  the  slowly  marching  mule,  piece  by  piece,  the 
remains  of  antiquity.  ...  The  political  mission,  headed 
by  Martin  William  Leake,  was  as  such  quite  unsuccessful ; 
for  science,  it  was  of  priceless  value :  from  the  moment 
that  Leake  trod  on  classic  soil  the  reminiscences  of  Homer 
and  Herodotus  were  kindled,  and  he  saw  clearly  his  life- 
work  before  him.  Under  the  powerful  impressions  pro- 
duced by  the  great  table-land  of  Asia  Minor  with  the 
solitary  snow-peak  Argaios,  deeply  moved  by  the  deserted 
places,  marching  over  Grecian  inscriptions,  over  sarcophagi 
and  temple  ruins,  he  felt  the  irresistible  charm  of  the 
attempt  to  explore  and  to  understand  these  homes  of 
ancient  culture.^  ...  The  scientific  result  was  a  lasting 
gain  for  the  civilised  world,  and  the  travels  which  he 
made  from  1805  to  1807  mark  an  epoch  in  our  know- 
ledge of  Grecian  antiquity."^ 

But  the  labours  of  the  pioneer  in  science,  life,  or  art, 
which  form  so  conspicuous  an  element  of  this  country's 
mental  work  during  the  first  two-thirds  of  the  century, 
must  be  supplemented  and  carried  further  by  a  great 
army  of  patient  and  trained  explorers.  Original  ideas 
must  be  cast  into  an  appropriate  and  elegant  form ;  new 
discoveries  must  be  extended  and  criticised  by  strict 
methods  of  research;  erudition  and  philosophy  are  re- 
quired to  guarantee  completeness  and  depth.  In  the 
large  domain  of  the  historical  sciences  these  labours  of 

1  E.  Curtius,  loc,  cit. ,  p.  307. 

2  Ibid.,  p.  312. 


the  school  and  the  study  are  even  more  important  than 
in  the  exploration  of  nature,  and  thus  it  is  not  surpris- 
ing that  in  these  especially  the  bulk  of  the  work, 
though  frequently  begun  by  Englishmen,  has  been  car- 
ried on  by  the  great  schools  and  academies  of  the  Con- 
tinent. In  the  regions  of  exact  science,  with  which  we 
are  at  present  more  immediately  concerned,  there  will 
always  be  a  much  greater  inducement  for  original  minds 
to  forsake  the  beaten  track,  the  recognised  method  or 
system. 

The  genius  gifted  with  a  larger  field  of  vision  and  a 
keener  glance  will  always  feel  the  longing  to  return  to 
Nature  herself,  and  the  practical  man  will  be  allured  by 
the  prospects  of  application  of  science  in  the  arts  and 
industries.  Both  will  find  their  reward ;  nor  is  it  likely 
that  the  works  of  Faraday  and  Darwin  should  be  the  last 
illustrious  examples  of  great  and  far-reaching  ideas  sprung 
from  the  living  intercourse  of  original  genius  and  nature 
without  the  support  of  any  school ;  or  that  the  practical 
success  of  the  Atlantic  cable  will  be  the  last  fruit  of 
the  rare  combination  of  highest  mathematical  genius  with 
industrial  and  commercial  enterprise.  The  historian  of 
thought  is  forced  to  admit  that  such  rare  combinations 
are  most  likely  to  spring  up  amongst  a  people  who  have 
always  opposed  the  rule  of  systems  and  methods,  of  schools 
and  academies ;  who  have  nursed  and  cherished  an  inti- 
mate communion  with  nature;  and  for  whom  practical 
interests  and  adventures  have  always  preserved  an  irre- 
sistible attraction. 

Living  in  an  age  when  the  foundation  in  England  and 
in  Germany  of  institutions  similar  to  the  Academic  Fran- 
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Qaise  has  been  seriously  discussed,^  when  the  British 
Association  has  been  copied  abroad,^  and  when  scientific 
men  of  eminence  are  joined  in  conference  as  to  the  advis- 
ability of  founding  a  professorial  university  in  London, 
in  imitation  of  the  great  University  of  Berlin,  it  seems 
appropriate  to  recall  the  various  ways  and  means  by 
which,  mainly  in  this  century,  the  exact  spirit  of  re- 
search, the  mathematical  method  of  investigating  nature 
iand  reality,  has  been  established  and  diffused. 

France  was  the  country  in  which  the  modern  scientific 
methods  of  measurement,  calculation,  and  classification 
were  first  practised  on  a  large  scale,  reduced  to  a  system, 
and  employed  for  the  investigation  of  the  whole  of  nature. 
The  Academy  of  Sciences,  together  with  the  High  Schools 
of  Science,  the  Natural  History  collections,  and  Medical 
Institutions,  all  in  close  connection,  furnished  an  organi- 
sation of  the  highest  intelligences  of  the  nation,  by  which 
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^  See  Matthew  Arnold's  essay  on 
*The  Literary  Influence  of  Acad- 
emies,' and  Du  Bois  -  Reymond, 
'  Uebereine  Kaiserliche  Akademie 
der  deutschen  Sprache,'  1874,  re- 
printed in  *Reden,  &c.,'  Leipzig, 
1886,  vol.  i.  p.  141,  &c.  On  the  other 
side  see  Huxley  in  *  Critiques  and 
Addresses,'  ed.  of  1890,  p.  113,  &c. 

^  The  British  Association,  itself 
established  somewhat  on  the  model 
of  the  German  '*  Naturforscher- 
Versammlung,"  founded  by  Oken 
and  Humboldt  (see  supra,  p.  238) 
in  the  year  1831,  has  become  the 
model  of  the  younger  "Associa- 
tion fran9aise  pour  I'Avancement 
des  Sciences,"  founded  in  1872 
under  the  presidency  of  Claude 
Bernard.  It  held  its  first  public 
meeting  at  Bordeaux  in  1874.  In 
the  opening  addresses  of  the  presi- 
dent, M.  de  Quatrefages,  and  the 


secretary,  M.  Comu,  the  elder  sis- 
ter in  England  is  referred  to.  A 
characteristic  passage  in  M.  Quatre- 
fages' address  as  regards  the  results 
achieved  by  the  British  Association 
is  the  following  :  * '  Grdce  h.  elle 
une  partie  de  la  population  a  ^t^ 
transformee.  Les  fils  de  ces  chas- 
seurs de  renards,  qui,  pour  se 
d^lasser  de  leurs  rudes  passetemps, 
ne  connaissaient  que  des  joies 
^galement  violentes  et  materielles, 
sont  aujourd'hui  des  botanistes, 
des  gdologues,  des  physiciens,  des 
archeologues  "  ('Comptes  Rendus,' 
I^re  session,  p.  40).  Following 
the  resolutions  carried  in  1885, 
the  French  Association  amalga- 
mated in  1886  with  the  older  **  As- 
sociation scientifique  de  France," 
founded  by  Leverrier  in  1864.  See 
*  Compte  Rendu  de  la  16me  Ses- 
sion,' vol.  i.  p.  1,  &c. 


a  systematic  exploration  of  the  heavens  and  the  earth, 
the  inanimate  and  the  living  world,  could  be  undertaken. 
At  the  same  time,  the  methods  of  measurement  and  cal- 
culation were  submitted  to  closer  study;  new  sciences 
were  created  by  the  application  of  these  methods;  and 
problems  were  attacked  for  the  first  time,  with  which, 
at  the  end  of  the  century,  the  scientific  world  is  still 
occupied.  It  was  in  France  also  that  the  discoveries  of 
the  laboratory  were  first  applied  so  as  to  contribute  to 
the  revolution  of  arts  and  industries.  In  all  its  different 
expressions — in  the  production  of  works  of  classical  per- 
fection in  substance  and  in  form,  in  its  application  to  the 
problems  of  life  and  society,  and  in  its  influence  on  gen- 
eral hterature — we  find  the  scientific  spirit,  as  we  know 
it,  fully  established  in  France  in  the  beginning  of  the 
century.  About  three  decades  later  we  find  this  spirit 
domiciled  in  Germany,  the  study  of  the  exact  sciences 
having  been  gradually  accepted  at  the  German  univer- 
sities as  an  integral  part  of  the  university  cycle.  It  there 
met  the  philosophical  and  classical  spirit,  which  had  or- 
ganised the  German  university  system  and  the  teaching 
of  the  higher  schools,  and  had  revolutionised  historical, 
especially  philological,  studies.  What  might  have  been 
wanting  at  times  in  French  science,  historical  complete- 
ness and  philosophical  criticism,  was  added  in  Germany. 
Germany  has  in  the  course  of  this  century  not  only  be- 
come the  country  where  the  most  faithful  and  exhaustive 
record  is  kept  of  the  scientific  labours  of  the  whole  world, 
but  it  has  also  become  the  country  where  mainly  those 
problems  have  been  attacked  which  lie  on  the  border- 
land of  natural  science  and  philosophy,  the  problems  of 
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life  and  consciousness.  Modern  physiology,  especially 
psychophysics,  is  claimed  as  essentially  a  German  science. 
Meanwhile  England,  where  the  introduction  of  the 
scientific  spirit  as  an  established  canon  of  systematic  and 
methodical  research  was  later  than  in  other  countries, 
has  all  through  this  century,  as  before,  continued  to 
do  pioneer  work  in  many  isolated  branches  of  science : 
individual,  as  opposed  to  corporate  effort,  has  here  been 
rewarded  by  a  succession  of  brilliant  discoveries,  which 
have  revolutionised  practical  life  or  opened  out  new 
views  into  the  hidden  recesses  of  nature.  For  the 
want  of  organisations  of  research  and  teaching,  such  as 
other  countries  possessed,  these  ideas  of  English  thinkers 
have  frequently  lain  dormant  or  been  elaborated  by 
foreign  talent ;  but  this  want  of  a  recognised  system,  and 
of  a  standard  course  of  study,  has  forced  original  minds 
into  a  closer  communion  with  nature  and  with  life, 
whence  they  have  frequently  returned  to  the  laboratory 
with  quite  novel  revelations.  The  largest  number  of 
works  perfect  in  form  and  substance,  classical  for  all 
time,  belongs  probably  to  France ;  the  greatest  bulk  of 
scientific  work  probably  to  Germany;  but  of  the  new 
ideas  which  during  this  century  have  fructified  science, 
the  larger  share  belongs  probably  to  England.  Such 
seems  to  be  the  impartial  verdict  of  history.  During  the 
second  half  of  the  century  a  process  of  equalisation  has  gone 
on  which  has  taken  away  something  of  the  characteristic 
peculiarities  of  earlier  times.  The  great  problems  of  science 
and  life  are  now  everywhere  attacked  by  similar  methods. 
Scientific  teaching  proceeds  on  similar  lines,  and  ideas  and 
discoveries  are  cosmopolitan   property.     So  much  more 


interesting  must  it  be  for  those  who  have  been  born 
members  of  this  international  republic  of  learning  to 
trace  the  way  in  which  this  confederation  has  grown  up 
what  have  been  the  different  national  contributions  to 
its  formation,  and  how  the  spirit  of  exact  science,  once 
domiciled  only  in  Paris,  has  gradually  spread  into  all 
countries,  and  leavened  the  thought  and  literature  of  the 
world. 
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THE  ASTRONOMICAL  VIEW  OF  NATURE. 

So  far  I  have  only  treated  of  the  scientific  spirit,  or  of 
the  method  of  exact  research,  in  a  general  way ;  showing 
how  it  was  firmly  established  and  developed  in  France, 
how  it  spread  into  Germany,  and  received  there  larger 
and  more  systematic  application,  and  how  in  this  country 
it  gradually  and  almost  imperceptibly  grew  out  of  the 
older  experimental  philosophy.  This  growth,  as  we  have 
seen,  took  place  partly  under  the  influence  of  foreign 
science,  but  still  more  through  the  individual  and  im- 
aided  labours  of  a  small  number  of  native  intellects  of 
the  very  highest  order,  to  each  of  whom  was  for  a  time 
allotted  the  enunciation  of  some  specially  fruitful  idea. 
The  period  referred  to  in  this  survey  was  mainly  the  first 
half  of  our  century ;  in  it  were  most  clearly  marked  the 
characteristic  differences  between  the  three  great  civilisa- 
tions of  France,  Germany,  and  England.  A  step  further 
in  time  would  lead  into  the  midst  of  our  own  period — 
into  the  age  which  has  largely  reaped  the  benefits  of  those 
earlier  labours,  both  in  theory  and  in  practice,  fully  realis- 
ing in  many  directions  the  predictions  and  even  the  ideals 
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of  the  pioneers  of  science.  One  of  these  benefits,  and 
perhaps  that  which  to  an  external  beholder  marks  the 
greatest  difference  between  the  first  and  the  second  half 
of  the  century,  is  the  greatly  increased  intercourse  which 
now  exists  as  compared  with  the  earlier  years  of  our  cen- 
tury. This  intercourse  has  reacted  on  the  domain  of  2. 
thought,  and   produced    that   exchange   of  ideas   which  comelnter- 

nafii-knal 

promotes  more  rapid  progress.  It  hardly  belongs  to  the 
history  of  thought  to  analyse^  the  different  steps  by  which 
the  great  change  has  been  brought  about.  Still,  a  very 
superficial  glance  will  suffice  to  show  how  the  work  of 
bringing  about  an  international  exchange  of  ideas  has 
been  very  characteristically  divided  among  the  three 
nations  in  which  we  are  specially  interested.  It  was  not 
in  the  interest  of  thought,  of  science,  or  of  literature,  but 
rather  in  that  of  commerce  and  of  industry,  that  the 
modern  facihties  of  intercourse  and  exchange  were  in- 
vented and  introduced.^     We  shall  therefore  expect  to 


^  The  principal  dates  of  the  in- 
troduction of  steam-engines  and 
telegraphs  for  facilitating  communi- 
cation are  as  follows  : — 

1802.  The  tug  Charlotte  Dundas, 
built  by  Symington,  was  tried  on 
the  Forth  and  Clyde  Canal. 

1812.  Henry  Bell  built  the  Comet 
with  side  paddle-wheels.  It  ran  on 
the  Clyde  as  a  passenger  steamer. 

1829.  George  Stephenson's  Rocket 
was  tried  on  the  Stockton  and  Dar- 
lington Railroad,  which  had  been 
begun  in  1821.  In  the  year  1829 
the  Liverpool  and  Manchester  Rail- 
way was  inaugurated. 

1838.  The  first  steamboats,  Sirius 
and  Great  Western,  crossed  the 
Atlantic. 

1833.  A  comprehensive  system  of 
railways  was  planned  by  the  French 
and  Belgian  Governments. 


1835.  The  first  German  railway 
was  opened  between  Niirenberg  and 
Fiirth.  The  first  electric  telegraphs 
for  public  use  were  almost  simul- 
taneously constructed  in  England, 
Germany,  and  the  United  States — 
the  first  successful  line  being  prob- 
ably that  constructed  by  Wheat- 
stone  and  Cooke  between  1836  and 
1840.  The  first  Atlantic  cable  was 
begun  in  1857,  and  after  repeated 
failures,  which  were  in  the  main 
corrected  by  the  scientific  investi- 
gations of  William  Thomson  (Lord 
Kelvin),  telegraphic  communication 
with  America  was  permanently  es- 
tablished in  1866. 

^  This  remark  applies  fully  to  the 
railway  system,  but  scarcely  to  the 
development  of  the  electric  tele- 
graph, which  was  first  actually  used 
for  scientific  purposes  by  Gauss  and 
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find  them  originate  mainly  in  that  coimtry  in  which 
those  larger  spheres  of  practical  work  had  grown  un- 
checked and  flourished — in  Great  Britain  and  its  exten- 
sive dependencies.  To  Germany,  on  the  other  side,  with 
its  fully  developed  system  of  learning,  we  are  indebted 
mainly  for  the  complete  recording,  registering,  and  analys- 
ing of  the  scientific  labours  of  the  whole  world.    To  France 


Weber  at  Gottingen  in  the  year 
1833.  The  documents  referring  to 
this  interesting  application  have 
recently  been  published  in  H. 
Weber's  biographical  notice  of  Wil- 
helm  Weber,  Breslau,  1893,  p.  25,  &c. 
We  read  there  that  soon  after  1830 
Gauss  had  been  occupied  with  re- 
ducing his  magnetical  measurements 
to  an  absolute  scale,  having  laid  his 
celebrated  paper,  "Intensitas  vis 
magneticae  ad  mensuram  absolutam 
revocata,"  before  the  Gottingen  So- 
ciety in  December  of  1832.  He  had 
induced  Weber  to  take  up  similar 
investigations  at  the  Physical  In- 
stitute, which  was  situated  about  a 
mile  distant  from  Gauss's  Observa- 
tory. This  distance  was  found  to 
be  an  inconvenience,  and  in  order 
to  overcome  it,  the  first  longer  tele- 
graphic line  in  which  galvanic  cur- 
rents were  used,  and  which  had 
two  wires,  was  carried  overhead 
between  the  two  buildings,  and  the 
instruments  and  signalling  arrange- 
ments perfected  in  the  years  1833 
to  1836.  Both  Gauss  and  Weber 
were  well  aware  of  the  importance 
of  their  invention  for  practical  pur- 
poses. The  former  wrote  to  Olbers 
on  the  20th  November  1833:  "I 
do  not  know  whether  I  have  already 
written  to  you  regarding  a  magnifi- 
cent arrangement  which  we  have 
made  here.  It  is  a  galvanic  chain 
between  the  Observatory  and  the 
Physical  Institute,  carried  by  wires 
in  the  air  over  the  houses,  up  the 
Johannis  tower  and  down  again. 
The  whole  length   will   be    about 


8000  feet.  ...  I  have  devised  a 
simple  arrangement  by  which  I  can 
instantly  reverse  the  direction  of 
the  current,  which  I  call  a  com- 
mutator. .  .  .  We  have  already 
used  this  contrivance  for  telegraphic 
experiments,  which  succeed  very 
well  with  whole  words  and  short 
sentences.  ...  I  am  convinced 
that  by  using  sufficiently  strong 
wires  one  might  telegraph  instan- 
taneously in  this  manner  from 
Gottingen  to  Hanover  or  from 
Hanover  to  Bremen"  (see  Scher- 
ing's  address  on  the  occasion  of 
Gauss's  centenary,  Gottingen,  1877, 
p.  15,  &c.)  To  Schumacher,  6th 
August  1835,  Gauss  wrote  as  fol- 
lows:  "With  a  budget  of  150 
thalers  [£22,  10s.]  annually  for 
Observatory  and  Magnetic  Insti- 
tute together,  really  extensive  trials 
cannot  of  course  be  made.  But 
could  thousands  of  thalers  be  be- 
stowed thereon,  I  think  that,  for 
instance,  electromagnetic  telegraphy 
might  be  carried  to  a  perfection  and 
to  dimensions  at  which  imagination 
almost  starts  back."  Gauss  esti- 
mates that  fifteen  millions  sterling 
of  copper  wire  would  suffice  to  reach 
the  antipodes,  and  he  says  signifi- 
cantly, "I  do  not  think  it  impos- 
sible to  invent  a  mechanism  by 
which  a  despatch  could  be  played 
off  almost  as  mechanically  as  a 
musical-box  plays  off  a  tune  when 
it  is  once  fixed  on  a  roller"  (see 
*  Briefwechsel  zwischen  Gauss  und 
Schumacher,'  ed.  Peters,  vol.  ii.  p. 
411,  &c.) 
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we  owe  the  first  beginnings  of  a  general  and  international 
system  of  units  and  measurements,  which,  like  the  com- 
mon Latin  tongue  in  former  centuries,  or  like  the  universal 
languages  of  algebra  or  of  music,  enables  us  to  express  the 
results  of  scientific  research  in  formulae  intelligible  every- 
where and  at  all  times,  without  laborious  translations  and 
time-absorbing  reductions. 

The  effect  of  these  international  labours  has  been  to        3. 
destroy  the  clearly  marked  differences  of  national  thought.  anSy ' 

.  .  o         national 

At  least  m  the  domain  of  science  the  peculiarities  of  the  differences. 
French,  the  German,  and  the  English  schools  are  rapidly 
disappearing.      The  characteristics  of   national  thought 
still  exist ;  but  in  order  to  find  them  in  the  present  age 
we  should  have  to  study  the  deeper  philosophical  reason- 
ings, the   general   literature  and  the  artistic  efforts  of 
the  three  nations.     These  aspects  of  the  thoughl^iof  our 
century  belong  to  later  portions  of  this  work.     I  hope 
there  to  take  up  many  of  the  threads  which  I  here  break 
off,  as  for  the  present  purpose  they  cannot  be  profitably 
continued.     To  separate  the  scientific  work  of  the  second 
half  of  the  century  according  to  countries  and  nations 
would  lead  to  unnecessary  repetition.     The  second  half  of 
the  century  sees  everywhere  in  the  domain  of  science  the 
dying  out  of  national  restrictions — in  every  country  the 
introduction  of  foreign  methods  and  foreign  models,  foreign 
institutions  and  foreign  apparatus.     The  establishment  of 
an  observatory  or  a  laboratory  in  our  age  lays  under  con- 
tribution almost  every  civilised  country  in  the  world,  and 
the  most  international  of  sciences — that  of  electricity — 
fixes   its   units   by   the   names  of   discoverers   of  many 
countries. 
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I  therefore  look  upon  the  spirit  of  exact  research  as 
thoroughly  domiciled  in  the  leading  countries  of  Europe 
during  the  second  half  of  the  century,  and  intend  in  the 
sequel  to  explain  more  precisely  the  different  views,  the 
leading  ideas,  under  which  this  research  is  everywhere 
conducted.  These  leading  ideas  have  themselves  been 
more  clearly  brought    out  and   recognised   during  this 

period. 

The  narrow  spirit  of  the  Baconian  philosophy  which 
reigned  in  England,  the  vagueness  of  the  philosophy  of 
nature  which  reigned  in  Germany,  during  the  earlier 
decades  of  the  century,  have  disappeared  in  favour  of  the 
more  comprehensive  and  the  stricter  methods  taught  by 
Lavoisier,  by  Monge,  by  Laplace,  and  by  Cuvier  in  France. 
New  ideas  of  extensive  bearing  have  been  added,  and  in 
the  light  of  these  the  powers  and  the  limits  of  science 
have  been  more  correctly  recognised. 

To  some  of  my  readers  well-known  names  will  occur 
which  might  serve  as  guides  to  fix  these  leading  ideas, 
under  the  influence  of  which  the  march  of  science  has 
proceeded:  Sir  John  Herschel,  Auguste  Comte,  John 
Stuart  Mill,  and  Whewell  ^  have  indeed  done  much  to 


^  Of  these  writings  the  earliest  is 
Sir  John  Herschel's  "Preliminary 
Discourse  on  the  Study  of  Natural 
Philosophy,"  which  appeared  in 
Lardner's  'Cabinet  Cyclopedia'  in 
1831.  The  writings  of  William 
Whewell  on  the  *  History'  and '  Phil- 
osophy of  the  Inductive  Sciences' 
were  begun  about  the  same  time. 
They  were  planned  to  serve  three 
distinct  objects  —  to  give,  Ist,  a 
philosophical  history  of  astronomy, 
mechanics,  physics,  chemistry,  and 
botany  ;  2nd,  an  analysis  of  the  na- 
ture of  induction  and  the  rules  of 


its  exercise  ;  and  3rd,  to  answer  the 
question  of  applying  inductive  pro- 
cesses to  other  than  material  sci- 
ences— as  philology,  art,  politics, 
and  morals  (see  'William  Whewell,' 
by  I.  Todhunter,  vol.  i.  p.  90). 
The  *  History'  appeared  in  1837  in 
three  volumes,  a  second  edition  in 
1847,  a  third  in  1857  ;  the  '  Philo- 
sophy '  appeared  in  1840  in  two 
volumes,  a  second  edition  in  1847. 
In  the  course  of  its  execution  the 
original  plan  was  not  strictly  ad- 
hered to — the  scope  of  the  History 
was  enlarged  considerably,  and  the 
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familiarise  the  unscientific  public  with  the  progress  of 
science  and  its  canons  of  thought.  And  it  would  thus 
appear  natural  to  resort  to  their  teaching  and  their  ex- 
planations. But  this  is  not  the  road  I  propose  to  follow. 
Wheweirs  '  History  of  the  Inductive  Sciences,'  being  the 
first  attempt  to  compass  a  large  subject,  will,  like 
Montucla's  earlier  '  History  of  Mathematics,'  always  re- 
main a  standard  work.  It  was,  however,  written  at  a 
time  when  the  tendency  of  modern  scientific  thought  was 


Philosophy    was    broken    up    into 
different   parts.      Herschel   stands 
mainly   on  the  ground  of  Bacon's 
philosophy,  whereas  Whewell  starts 
with  the  remark  that  "  Bacon  only 
divined  how  sciences  might  be  con- 
structed," but  that  "we  can  trace 
in  their  history  how  their  construc- 
tion has^taken  place";  that  "though 
Bacon's  general  maxims  still  guide 
and  animate  philosophical  inquirers, 
yet  that  his  views,  in  their  detail, 
have  all  turned  out  inapplicable." 
He  accordingly   aims  at  a   "New 
Organ    of    Bacon,    renovated    ac- 
cording   to    our    advanced    intel- 
lectual position  and  office "   (Pre- 
face to  2nd  ed.  of  the  'Philosophy,' 
1847).      In   the  exposition   of   his 
views  Whewell  was  greatly  influ- 
enced by  Kant's   philosophy.     He 
thus  searches  for  the  fundamental 
ideas  which  underlie  all  scientific 
reasoning ;  f or  "  besides  facts,  ideas 
are  an  indispensable  source  of  our 
knowledge."      The  historical   por- 
tions of  Whewell's  works  have  met 
with  great  appreciation  in  England 
and  Germany  even  from  those  who, 
like  Herschel  (see  the  review  in  the 
*  Quarterly,'  June   1841)  and  Mill 
(see  '  Autobiography,'  p.  208),  could 
not    agree    with    his    philosophy. 
The   latter   has    been   eclipsed   by 
the  bolder  speculations  of  Auguste 
Comte,  whose  'Philosophie  positive' 
appeared  in  six  volumes  between  the 


years   1830   and    1842   in    France. 
Still  more  than  Whewell  did  Comte 
emphasise  the  necessity  of  learning 
from    the    exact   sciences   how   to 
treat  economical  and   social  prob- 
lems   in    a    methodical    manner. 
Instead   of  the    minute    and   fre- 
quently hesitating  elaborations  of 
Whewell,   we    find   in   Comte    the 
bold    generalisation   of   the    three 
stages  of  knowledge — the  theologi- 
cal, metaphysical,   and  positive, — 
which   forms    the   groundwork    of 
"  Positivism."    Of  more  permanent 
value  than  Whewell's  and  Comte's 
philosophies  are  the  investigations 
of  J.  Stuart  Mill,  who  in  his  '  Sys- 
tem of  Logic,  Ratiocinative  and  In- 
ductive' (1st  ed.,   1843),  has  laid 
the  foundation  for  all  subsequent 
treatises  on  this  subject,  and  whose 
thoroughgoing  empiricism  is  being 
more  and  more  adopted  by  scien- 
tific thinkers.     Like  Whewell  and 
Comte,  to  whom  he  acknowledges 
his  obligations  ('  Autobiog.,*  pp.  165, 
209,  &c.),  his  ultimate  object  was 
to  solve  the  question  "how  far  the 
methods  by  which  so  many  of  the 
laws   of  the    physical  world   have 
been  numbered  among  truths  irre- 
vocably   acquired   and    universally 
assented   to,   can  be  made  instru- 
mental to  the  formation  of  a  similar 
body  of  received  doctrine  in  moral 
and  political  science"  (Preface  to 
let  ed.) 
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not  as  clear  as  it  has  become  since,  and  the  work  has 
also   been   supers'eded   by   more   detailed   labours,  espe- 
cially of  German  historians.^    The  *  Philosophy  of  the  In- 
ductive Sciences,'  by  the  same  author,  was  written  with 
the  object  of  doing  something  towards  determining  the 
nature  and   conditions  of    human    knowledge,  and    had 
thus  a  philosophical  rather  than  a  historical  object  in 
view.     The  same  can  be  said  of  Mill's  '  Logic,'  of  Comte's 
*  Philosophie  positive,'  and  of  more  recent  works — such 
as  Jevons's  *  Principles  of  Science.'     They  form  an  im- 
portant  section   of   the   philosophical   literature  of   our 
century,  and  on  future  occasions  I  shall  frequently  have 
to  refer  to  their  teaching.     At  present  I  am  not  about 
to  investigate  the  eternal  principles  of   correct  reason- 
ing, and  the  particular  methods  adopted,  consciously  or 
unconsciously,  by  scientific  writers  of  all  times.     What 
I  desire  to  do  is,  to  enumerate  and  analyse  briefly  the 
changing  ideas,  the   general  views,  under  the  guidance 
of  which   scientific  work   has  progressed   in  the  course 
of  this  century.     No  doubt  the  same  object  was  before 


^  Besides  the  works  on  the  his- 
tory of  the  special  sciences  con- 
tained in  the  Munich  Collection,  • 
'Geschichte  der  Wissenschaften  in 
Deutschland,'  which  in  many  in- 
stances is  not  limited  to  German 
science  and  learning,  there  is  the 
unique  *  Geschichte  der  Chemie,' 
by  Hermann  Kopp  (Braunschweig, 
4  vols.,  1843-47),  the  '  Geschichte 
der  Physik,'  by  Rosenberger  (Braun- 
schweig, 3  vols.,  1882-90),  and 
Haser's  *  Geschichte  der  Medicin ' 
(Wien,  1875-82,  3rd  ed.)  In  addi- 
tion to  the  numerous  works  of  Ger- 
man specialists,  I  must  mention  as  of 
the  first  importance  and  value  the 
histories  by  the  late  Isaac  Todhunter 


of  the  'Theory  of  Attraction  and 
Figure  of  the  Earth'  (2  vols., 
1873),  the  *  Calculus  of  Variations ' 
(1861),  the  'Theory  of  Probability' 
(1865),  and  the  'Theory  of  Elastic- 
ity' (continued  by  K.  Pearson,  2 
vols,  in  3  parts,  1886-93).  They 
supply  the  want  of  a  good  history 
of  modern  mathematics,  which  does 
not  exist.  Lastly,  the  "Deutsche 
Mathematiker  -  Vereinigung  "  have 
published  in  their  Jahrbuch  valu- 
able histories  of  special  branches  of 
mathematics — notably  the  '  Theory 
of  Invariants '  by  Franz  Mayer,  and 
the  '  Modern  Theory  of  Functions ' 
by  Brill  and  Noether. 


the    mind    of   Whewell    when,    after    writing    his    his-        e. 

Whewftll's 

torical  work,  he  attempted  in  the  philosophical  sequel  'History, 
to  abstract  the  general  ideas  which  have  led  scientific  osophy.' 
research ;  but  it  is  instructive  for  our  present  purpose 
to  note  how,  writing  about  the  middle  of  the  century, 
he  hardly  brought  out  any  of  those  principles  which 
in  the  course  of  its  second  half  have  turned  out  to 
be  fruitful,  and  have  almost  become  watchwords  of 
popular  science.  In  the  year  1857,  the  date  of  the 
publication  of  the  latest  editions  of  Whewell's  works, 
nothing  was  popularly  known  of  energy,  its  conserva- 
tion and  dissipation, — nothing  of  the  variation  of  species, 
and  the  evolution  of  organic  forms, — nothing  of  the 
mechanical  theory  of  heat  or  of  that  of  gases — of 
absolute  measurements  and  absolute  temperature;  even 
the  cellular  theory  seems  to  have  been  popular  only  in 
Germany.  And  yet  all  the  problems  denoted  by  these 
now  popular  terms  were  then  occupying,  or  had  for  many 
years  occupied,  the  leading  thinkers  of  that  period.  But 
we  find  no  mention  of  them  in  Whewell's  works.^     So 


^  The  dates  of  the  birth  of  these 
leading  ideas  of  the  second  half  of 
our  century  are  approximately  as 
follows  : — 

Absolute  measurements  were 
started  by  Gauss  about  1830,  and 
the  scheme  published  in  1833' in 
his  memoir,  '  Intensitas  vis  magne- 
ticae  terrestris  ad  mensuram  absolu- 
tam  revocata.'  They  were  extended 
to  electrical  phenomena  by  Weber  in 
his  'Electrodynamische  Maasbestim- 
mungen,'  1846.  The  absolute  scale 
of  temperature  was  introduced  by 
William  Thomson  in  1848. 

The  cellular  theory  was  pro- 
pounded by  Schleiden  in  1838,  and 


extended  to  animal  structures  by 
Schwann  in  1839  ;  the  term  "pro- 
toplasm "  was  introduced  by  Mohl 
in  1846. 

The  mechanical  theory  of  heat 
dates  from  Mayer's  and  Joule's  de- 
terminations of  the  equivalent  of 
heat  in  1842  and  1843. 

The  doctrine  of  the  conservation 
of  energy  dates  from  Helmholtz's 
memoir,  '  Ueber  die  Erhaltung  der 
Kraft,'  in  1847  ;  that  of  dissipation 
of  energy  from  William  Thomson's 
paper  "  On  a  Universal  Tendency 
in  Nature  to  the  Dissipation  of 
Mechanical  Energy,"  1852  ;  it  was 
prepared  by  Watt's  and  Poncelet's 
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little  was  the  foremost  champion  of  inductive  thought 
able  to  discern  the  tendencies  of  his  age :  a  warning  to 
those  who  attempt  to  recognise  the  aims  of  contemporary 
thought.^ 

It  is  not,  then,  to  the  philosophical  writers  that  I  shall 
apply  in  order  to  trace  the  leading  directions  of  scientific 


definitions  of  horse- power  and  work 
(1826),  which  Whewell  does  not 
mention. 

The  mechanical  theory  of  gases — 
not  to  mention  the  older  specula- 
tions of  Daniel  Bernoulli  —  dates 
from  Avogadro's  and  Ampere's 
hypothesis,  published  in  1811, 
"  that  all  gaseous  bodies,  under  the 
same  physical  conditions,  contain 
the  same  number  of  units,"  from 
Herapath  (1821)  and  Joule  (1851). 

On  Whe  well's  position  with  regard 
to  the  question  of  the  origin  and 
variation  of  species,  then  already 
ventilated  by  Lyell,  see  '  History  of 
Induct.  Sci.,'  vol.  iii.  p.  489,  &c. 
(3rd  ed.)>  and  Huxley's  remarks  in 
the  *  Life  of  Charles  Darwin,'  vol. 
ii.  p.  192,  &c.  Wallace's  essay  '  On 
the  Law  which  has  regulated  the 
Introduction  of  New  Species'  was 
published  in  1858  along  with  Dar- 
win's preliminary  statement  of  his 
views. 

We  might  form  a  whole  catalogue 
of  scientific  terms,  some  of  them 
by  no  means  of  recent  origin, 
which  are  wanting  in  Whewell's 
books,  but  which  now  govern  scien- 
tific progress :  such  are  energy, 
work,  action  and  eflBciency,  absol- 
ute measurement,  to  mention  only 
physical  terms.  The  general  ideas 
upon  which  he  himself  lays  some 
stress,  such  as  those  of  polarity  and 
symmetry,  appear  on  the  other 
hand  to  be  vague  generalisations, 
which  have  frequently  led  people 
astray. 

^  "  It  is  a  remarkable  evidence  of 


the  greatness  of  the  progress  which 
has  been  effected  in  our  time,  that 
even  the  second  edition  of  the 
'  History  of  the  Inductive  Scien- 
ces,' which  was  published  in  1846, 
contains  no  allusion  to  the  publi- 
cation in  1843  of  the  first  of  the 
series  of  experiments  by  which  the 
mechanical  equivalent  of  heat  was 
correctly  ascertained.  Such  a  fail- 
ure on  the  part  of  a  contemporary, 
of  great  acquirements  and  remark- 
able intellectual  powers,  to  read 
the  signs  of  the  times,  is  a  lesson 
and  a  warning  worthy  of  being 
deeply  pondered  by  any  one  who 
attempts  to  prognosticate  the 
course  of  scientific  progress"  (Hux- 
ley in  Ward's  '  Reign  of  Queen  Vic- 
toria,' vol.  ii.  p.  355).  The  same 
writer  has  pointed  out  how  Au- 
guste  Comte  was  still  more  un- 
fortunate in  his  opinions  on  con- 
temporary science.  * '  What  struck 
me  was  his  want  of  apprehension 
of  the  great  features  of  science  ; 
his  strange  mistakes  as  to  the 
merits  of  his  scientific  contempor- 
aries ;  and  his  ludicrously  erroneous 
notions  about  the  part  which  some 
of  the  scientific  doctrines  current 
in  his  time  were  destined  to  play  in 
the  future  "  ("  Scientific  Aspects  of 
Positivism,"  'Lay  Sermons,'  1891, 
p.  130).  He  then  goes  on  to  show 
how  Comte  treated  the  undulatory 
theory  with  contempt,  extolled 
Gall,  depreciated  Cuvier,  and  spoke 
of  the  "abuse  of  microscopic  in- 
vestigations" (ibid.,  p.  134). 


thought    in    our   century :    their    position    towards   this 
thought  is  indeed  instructive,  but  it  is  frequently  unsafe. 
Philosophical    reasoning   either  precedes   or  succeeds        7. 

■^  or  Philosophy 

the  labours  of  the  scientific,  thinker;  it  rarely  accom-  and  science. 
panies  them.  In  the  history  of  earlier  times,  during  the 
first  centuries  of  the  modern  period,  we  find  some  of  the 
foremost  philosophers,  such  as  Descartes,  Bacon,  Leibniz, 
occupied  in  attempting  to  lay  down  the  correct  lines  on 
which  science  should  proceed,  or  to  find  general  ideas 
which  could  serve  as  supreme  principles  of  scientific 
truth.  It  is  a  rare  thing  to  find  that  they  have  succeeded 
in  either  of  these  attempts.  In  more  modern  times, 
ever  since  Locke  started  on  a  different  track,  it  has  been, 
especially  in  this  country,  the  endeavour  of  philosophers 
to  abstract  out  of  the  existing  volumes  of  scientific  re- 
search the  leading  ideas  which  have  proved  so  helpful, 
and  to  explain  their  origin,  their  bearing,  and  their  value. 
Perhaps  they  have  been  more  successful  than  their  pre- 
decessors :  it  has,  however,  frequently  happened  to  them, 
that  whilst  they  were  elaborately  analysing  some  process 
of  reasoning,  or  some  prevailing  scientific  principle, 
science  has  meanwhile  adopted  some  entirely  different 
line,  and  presented  an  entirely  unexpected  development. 
In  this  respect  they  resemble  that  school  of  historical 
politicians  which  in  the  middle  of  our  century  in  Ger- 
many ^  attempted  to  read  the  signs  of  the  times,  and  to 


^  This  is  the  school  represented  by 
the  historians  Dahlmann  and  Ger- 
vinus.  A  good  account,  wibh  a 
somewhat  severe  criticism  of  the 
aims  of  this  school,  will  be  found 
in  Karl  Hillebrand,  '  Zeiten,  Volker 
und  Menschen,'  vol.  ii.  pp.  205-290. 
"The  State   and   Literature   had 


grown  in  Germany  alongside  of 
each  other  without  •  coming  into 
contact,  the  former  active,  reticent, 
modest,  the  latter  declaiming, 
noisy,  pretentious.  It  appeared  as 
if  all  our  life  had  become  intellect- 
ual ;  Gervinus  himself  thought  so 
and  blamed  us.     In  reality  it  was 
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8. 

Leading 
scientific 


prescribe  the  lines  on  which  the  desired  unification  of  the 
nation  could  be  secured.  Events  took  their  own  course, 
and  the  great  statesman  who  was  the  central  figure  of  the 
new  era  of  European  history  may  be  excused  the  scorn 
with  which  he  has  sometimes  treated  these  theoretical 
politicians. 

The  leading  ideas  which  I  select  as  marking  the  progress 
of  scientific  research  in  our  century  have,  with  few  excep- 

ideas  mostly  '' 

Sent  tions,  hardly  been  discoveries  or  inventions  of  this  age. 
Some  of  them  are  very  old.  The  ideas  of  attraction, 
which  in  the  hands  of  Newton  and  Laplace  have  led  to 
such  remarkable  results,  are  of  great  age,  and  were 
familiar  to  the  philosophers  of  Greece  and  Home ;  the 
same  can  be  said  of  the  atomic  theory,  which  in  the 
hands  of  Dalton  became  such  a  powerful  instrument. 
The  principles  of  energy  and  its  conservation  can  be 
traced  back  to  the  writings  of  Newton  and  Leibniz,  and 
even  to  earlier  thinkers.  The  same  may  be  said  of  the 
*  modern  ideas  on  heat,  of  the  molecular  theory  of  gases, 
and  even  of  Lord  Kelvin's  vortices ;  whilst  the  views 
which  through  Darwin  have  revolutionised  the  natural 
sciences  have  been  traced  in  the  suggestions  of  much  ear- 


not  80.  When  the  professors  turned 
their  backs  on  science  in  order  to 
turn  to  politics,  they  imagined  pol- 
itics were  now  only  beginning : 
with  the  wonted  pride  of  learning 
they  saw  in  the  administrative 
class  only  labourers  and  clerks  ;  for 
to  them  parliaments  and  freedom 
of  the  press  were  identical  with 
politics.  The  mouthpiece  of  Ger- 
many was  in  the  universities,  as 
that  of  France  was  at  the  bar; 
they  only  heard  each  other :  was 
it    therefore    unnatural    if    they 


thought  the  German  professors 
composed  the  German  nation,  as 
the  French  lawyers  formed  the 
French  nation  ?  And  indeed  pub- 
lic opinion  in  Germany  was  that  of 
the  professors.  .  .  .  The  learned 
newspaper  writers  imagined  the 
spirit  of  the  age  spake  in  them; 
no  wonder  that  th,y  overestimated 
the  importance  of  this  spirit  and  of 
this  so-called  public  opinion  "  (ibid., 
p.  254).  See  also  Treitschke's 
*  Deutsche  Geschichte,'  vol.  v.  p. 
408,  &c. 


lier  writers.  Elaborate  claims  to  priority  have  thus  been 
set  up  for  persons  to  whom  it  is  said  the  credit  of  modern 
discoveries  should  be  given.  I  do  not  intend  to  contribute 
to  this  controversial  literature,  except  by  a  general  remark, 
which  will  explain  how  it  has  come  to  pass  that  ideas  and 
principles  now  recognised  as  useful  instruments  of  thought 
and  research  have  only  recently  attained  this  importance, 
while  they  have  frequently  been  the  property  of  many 
ages  of  philosophical  thought,  and  familiar  even  to  the 
writers  of  antiquity.  It  is  the  scientific  method,  the  exact 
statement,  which  was  wanting,  and  which  raises  the  vague 
guesses  of  the  philosophical  or  the  dreams  of  the  poetic 
mind  to  the  rank  of  definite  canons  of  thought,  capable  of 
precise  expression,  of  mathematical  analysis,  and  of  exact 
verificatioM  Obscure  notions  of  the  attractive  and  re- 
pulsive forces  of  nature  have  floated  before  the  minds  of 
philosophers  since  the  time  of  Empedocles,  but  they  did 
not  become  useful  to  science  till  Galileo  and  Newton  took 
the  first  step  to  measure  the  intensity  of  those  forces. 
Lucretius's  poem  introduces  to  us  the  early  speculations 
on  the  atomic  constitution  of  matter,  but  the  hypotheses 
of  his  school  only  led  to  real  knowledge  of  the  things  of 
nature  when  Dalton,  following  Lavoisier  and  Eichter,  re- 
duced this  idea  to  definite  numbers;  still  more  so  when, 
through  the  law  of  Avogadro  and  Ampere,  and  the  calcu- 
lations of  Joule,  Clausius,  and  Thomson,  the  velocities,  the 
number,  and  sizes  of  atoms  became  calculable  and  measur- 
able quantities.  Descartes,  and  after  him  Malebranche, 
filled  space  with  vortices  which  were  to  explain  the  con- 
stitution of  matter  and  the  movements  of  its  parts ;  but 
the  notion  was  abandoned  and  ridiculed  till  Helmholtz 
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and  Thomson  approached  the  subject  with  mathematical 
analysis  and  calculated  the  properties  of  vortex  motion. 

Heraclitus  proclaimed,  six  hundred  years  before  the 
Christian  era,  the  theory  that  everything  moves  or  flows ; 
but  not  till  this  century  was  the  attempt  made  to  work 
out  the  definite  hypothesis  of  Daniel  Bernoulli,  and 
to  explain  the  properties  of  bodies,  apparently  at  rest — 
the  pressure  of  gases,  or  the  phenomena  of  elasticity — 
by  assuming  a  hidden  motion  of  the  imperceptible  portions 
of  matter.  The  same  fate  of  lying  dormant  for  ages  at- 
taches to  the  suggestive  ideas  of  many  thinkers.  (^In  every 
case  the  awakening  touch  has  been  the  mathematical 
spirit,  the  attempt  to  count,  to  measure,  or  to  calculate.) 
What  to  the  poet  or  the  seer  may  appear  to  be  the 
very  death  of  all  his  poetry  and  all  his  visions — the  cold 
touch  of  the  calculating  mind, — this  has  proved  to  be  the 
spell  by  which  knowledge  has  been  born,  by  which  new 
sciences  have  been  created,  and  hundreds  of  definite  prob- 
lems put  before  the  minds  and  into  the  hands  of  diligent 
students.  It  is  the  geometrical  figure,  the  dry  algebraical 
formula,  which  transforms  the  vague  reasoning  of  the 
philosopher  into  a  tangible  and  manageable  conception ; 
which  represents,  though  it  does  not  fully  describe,  which 
corresponds  to,  though  ,it  does  not  explain,  the  things  and 
processes  of  nature :  this  clothes  the  fruitful,  but  other- 
wise indefinite,  ideas  in  such  a  form  that  the  strict  logical 
methods  of  thought  can  be  applied,  that  the  human  mind 
can  in  its  inner  chamber  evolve  a  train  of  reasoning  the 
result  of  which  corresponds  to  the  phenomena  of  the  outer 
world.  By  such  processes  did  Gauss  and  Leverrier  suc- 
ceed in  tracing  the  lines  in  the  heavens  on  which  invisible 
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stars  were  speeding  through  the  universe ;  without  them 
these  objects  of  nature  would  probably  never  have  been 
seen,  and  if  seen,  they  would  not  have  been  recognised. 
Similar,  and  still  more  intricate,  reasonings  permitted 
Mendel^eff^  to  arrange  in  geometrical  order  the  several 
elements  or  simple  substances  out  of  which  matter  is 
compounded,  and  to  point  to  the  vacant  places  on  the 
chart,  some  of  which  have  since  been  filled  up  by  new 
discoveries.  Thus  it  has  also  been  shown  that  the  ranges 
of  temperature  cannot  be  extended  indefinitely  in  both 
directions — viz.,  those  of  heat  and  cold — but  that  the 
latter  possesses  a  zero  point,  representing  the  complete 
absence  of  motion.^ 


^  The  periodic  arrangement  of 
the  elements,  according  to  which, 
with  increasing  atomic  or  combining 
numbers,  the  same  properties — such 
as  density,  fusibihty,  optical  and 
electric  qualities,  and  formation  of 
oxides,  &c. — recur  in  periods  which 
are  at  least  approximately  fixed,  so 
that  they  can  be  represented  by 
curves,  dates  from  the  year  1869, 
when  D.  Mendeleefif  and  Lothar 
Meyer  published  almost  simultane- 
ously their  classification  of  the  ele- 
ments. Newlands  seems  to  have 
indicated  some  of  these  facts  as 
early  as  1864.  Mendeleefif  pre- 
dicted the  properties  of  a  missing 
element,  found  to  be  those  of  scan- 
dium, which  Nilson  discovered  ten 
years  later.  The  same  applies  to 
the  two  other  elements  which  were 
subsequently  discovered  by  Lecocq 
de  Boisbaudran  (1878,  gallium)  and 
Winkler  (1886,  germanium),  and  in 
1894  the  newly  discovered  element 
argon  was  found  to  fill  a  vacant 
place  in  the  plan. 

2  The  zero  point  of  temperature 
was  originally  a  purely  mathemati- 
cal quantity  suggested  by  the  for- 


mula which  gives  the  expansion  of 
air  in  the  air  thermometer  as  de- 
pendent on  the  temperature.  The 
ideal,  not  realisable,  temperature 
at  which,  according  to  the  for- 
mula, the  volume  of  air  would  be 
nothing,  was  fixed  by  calculation  at 
459°-13  Fahr.  or  272' '85  Centi- 
grade. The  real  physical,  not  mere- 
ly mathematical,  meaning  of  the 
absolute  scale  of  temperature  with 
its  zero  point  was  only  revealed 
when,  through  Carnot  and  Thom- 
son, it  was  established  that  every 
degree  of  temperature  has  an  assign- 
able value  for  doing  work,  and  when 
a  scale  of  thermometry  was  sug- 
gested by  Thomson  (1848)  in  which 
every  one  degree  had  the  same 
dynamical  value,  100°  in  it  cor- 
responding to  the  100°  Centigrade 
in  the  air  thermometer.  It  was 
then  found  that  the  two  scales— 
that  of  the  air  thermometer  and 
that  measuring  the  dynamical  value 
of  temperature — agreed  almost  ex- 
actly. The  number  273°  Cent,  thus 
acquired  a  physical  meaning  (see 
Clerk  Maxwell,  'Heat,'  8th  ed., 
pp.   49,  159,  and  215).      Another 
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By  drawing  curves  on  paper  which  correspond  to  the 
thermal  properties  of  various  substances,  the  conditions 
have  been  defined  beforehand  under  which  gaseous  bodies 
like  oxygen,  hydrogen,  nitrogen,  or  common  atmospheric 
air  can  be  reduced  to  liquid  and  solid  bodies,  upsetting 
the  notions  of  the  last  generation,  which  looked  upon 
these  substances  as  permanent  gases.^  If  the  mathe- 
matical formula  has  killed,  or  failed  to  grasp,  the  true 
life  of  nature,  that  which  to  the  poet  and  the  philosopher 
will  always  be  the  feature  of  supremest  interest,  it  has  on 
the  other  side  given  birth  to  that  new  life  of  ideas  which 
in  our  reasoning  minds  serve  as  the  images  of   things 


example  of  a  purely  mathematical 
quantity  which,  suggested  originally 
by  a  formula,  acquired  later  a  physi- 
cal meaning,  is  that  of  the  potential 
function,  used  first  by  Lagrange  as 
a  simplification  in  calculating  the 
forces  of  a  disturbing  planet,  and 
termed  by  Laplace  ' '  h,  cause  de  son 
utilite,  une  veritable  decouverte" 
(*Mec.  eel.,'  v.  livre  xv.  chap,  i.) 
This  function,  which  has  the  pro- 
perty that  by  a  simple  differentia- 
tion the  component  of  the  force  in 
any  direction  is  found,  acquired  a 
physical  meaning  as  the  quantity, 
the  change  of  which  measures  the 
work  required  to  move  a  unit  of 
matter  from  one  point  to  another 
(see  Thomson  and  Tait,  '  Natural 
Philosophy, '  vol.  i.  2,  p.  29).  Other 
examples  of  purely  mathematical 
quantities  which  reveal  physical 
properties  are  Hamilton's  "char- 
acteristic function "  (see  Tait, 
"Mechanics,"  'Ency.  Brit.,'  9th 
ed.,  p.  749),  Rankine's  "Thermo- 
dynamic  function,"  called  by  Clau- 
Entropy "     (see     Maxwell, 


sius 


(( 


'Heat,'  pp.  162,  189) :  it  measures 

the  unavaulable  energy  of  a  system. 

1  Thomas  Andrews  (1813-85)  took 

up  the  experiments  begun  by  Cag- 


niard  -  Latour  in  1822,  and  ex- 
plained how  it  comes  about  that  a 
gas  remains  incondensable  however 
great  the  pressure  may  be,  pro- 
vided the  temperature  exceeds 
what  he  termed  the  "critical  tem- 
perature," which  is  different  for 
different  gases.  He  accompanied 
his  statements,  which  were  first 
published  in  the  3rd  edition  of 
Miller's  Chemical  Physics,  by  curves 
representing  the  behaviour  of  at- 
mospheric air  and  of  carbonic  acid, 
the  latter  being  a  condensable  gas, 
and  he  suggested  in  1872  that  the 
so-called  permanent  gases  had  a 
critical  point  far  below  the  lowest 
known  temperatures,  and  that  this 
was  the  reason  why  their  lique- 
faction had  not  yet  been  achieved. 
Two  physicists,  Cailletet  and  Pictet, 
took  up  these  suggestions ;  after 
various  trials  they  succeeded  inde- 
pendently in  1877  in  liquefying 
several  of  the  permanent  gases, 
notably  oxygen  and  nitrogen. 
These  have  been  followed  by  all 
the  other  permanent  gases,  includ- 
ing atmospheric  air,  of  which  large 
quantities  can  now  be  prepared  in 
a  liquefied  form. 


natural,  and  allow  us  to  make  them  subservient  to  our 
purposes. 

Whoever  grasps  the  significance  of  the  change  which       lo. 

, -1  ,  1  •      1  When  first 

tne  exact  or  mathematical  treatment  of  knowledge  has  introduced 

^  into  science. 

worked  in  our  life  and  thought,  will  readily  place  that 
name  at  the  entrance  of  a  history  of  modern  thought, 
which  is  identified  with  a  few  simple  mathematical  for- 
mulae, by  which  ever  since  his  time  the  progress  of  science 
has  been  guided.  Though  belonging  to  an  earlier  period, 
the  full  meaning  of  Newton's  work  has  only  been  recog- 
nised in  the  course  of  our  century.  In  fact  the  New- 
tonian philosophy  can  be  said  to  have  governed  at  least 
one  entire  section  of  the  scientific  research  of  the  first 
half  of  this  period :  only  in  the  second  half  of  the  period 
have  we  succeeded  in  defining  more  clearly  the  direction 
in  which  Newton's  views  require  to  be  extended  or  modi- 
fied. (Newton's  greatest  achievement  was  to  combine  the 
purely  mechanical  laws  which  Galileo  and  Huygens  had 
established  with  the  purely  physical  relations  which 
Kepler — following  Copernicus  and  Tycho — had  discovered 
in  the  planetary  motions,  and  to  abstract  in  so  doing 
the  general  formula  of  universal  attraction  or  gravitation.) 
Newton  looked  upon  the  motion  of  the  moon  round  the 
earth,  or  the  planets  round  the  sun,  as  examples  on  a 
large  scale  of  the  motion  of  falling  bodies — studied  by 
Galileo — on  the  surface  of  the  earth.  Delayed  in  the 
publication  of  this  simple  rule  of  planetary  motion 
through  the  absence  of  correct  measurements,  and  through 
the  necessity  of  inventing  a  new  calculus  by  which  the 
mathematical  results  of  the  formula  could  be  ascertained, 
Newton  did  not  publish  his  'Principia'  till  1687.     The 
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work,  however,  was  conceived  in  the  highest  philosophic 
spirit,  inasmuch  as  the  enunciation  of  the  so-called  law  of 
gravitation  required  the  clear  expression  of  the  general 
laws  of  motion.  In  the  first  and  second  parts  of  the 
work  the  discoveries  of  Galileo  and  Huygens  were  ab- 
sorbed, generalised,  and  restated  in  such  terms  as  have  up 
to  our  age  been  considered  sufficient  to  form  the  basis  for 
all  purely  mechanical  reasoning.^  In  the  latter  part  the 
new  rule,  corresponding  to  Kepler's  empirical  laws,  is 
represented  as  the  key  to  a  system  of  the  universe.  The 
great  outlines  of  this  system  are  boldly  drawn,  and  the 
working  out  of  it  is  left  as  the  great  bequest  of  Newton 
to  his  successors.     At  the  end  of  the  eighteenth  century, 


^  The  most  recent  historian  of 
the  subject  is  Prof.  Ernst  Mach  of 
Prague,  whose  'Mechanik  in  ihrer 
Entwickelung,  historisch  -  kritisch 
dargestellt,'  2nd  ed.,  1889,  I  cannot 
praise  too  highly.  It  has  been 
translated  into  English  by  M'Cor- 
mack  (Chicago  and  London,  1893). 
Referring  to  Newton,  he  says : 
"  Newton  has  with  regard  to  our 
subject  two  great  merits.  Firstly, 
he  has  greatly  enlarged  the  hori- 
zon of  mechanical  physics  through 
the  discovery  of  universal  gravi- 
tation. Further,  he  has  also  com- 
pleted the  enunciation  of  the  prin- 
ciples of  mechanics  as  we  now  ac- 
cept them.  After  him  an  essen- 
tially new  principle  has  not  been 
established.  WTiat  after  him  has 
been  done  in  mechanics  refers  to 
the  deductive,  formal,  and  mathe- 
matical development  of  mechanics 
on  the  ground  of  Newton's  prin- 
ciples" (p.  174).  "Newton's  prin- 
ciples are  sufficient  without  the 
introduction  of  any  new  principle 
to  clear  up  every  mechanical  prob- 
lem wliich  may  present  itself,  be 


it  one  of  statics  or  of  dynamics. 
If  difficulties  present  themselves, 
they  are  always  only  mathematical, 
formal,  not  fundamental "  (p.  239). 
'*A11  important  mathematical  ex- 
pressions of  modern  mechanics  were 
already  found  and  used  in  the  age 
of  Galileo  and  Newton.  The  spe- 
cial names  .  .  .  have  sometimes 
been  fixed  much  later.  Still  later 
came  the  adoption  of  uniform 
measures,  and  this  process  is  even 
yet  incomplete  "  (p.  252).  In  this 
country  it  is  one  of  the  great  mer- 
its of  Thomson  and  Tait's  'Nat- 
ural Philosophy '  that  they  "  re- 
stored" the  teaching  of  mechanics 
and  placed  it  on  the  original  foun- 
dations afiForded  by  Newton's  laws 
of  motion,  in  his  own  words,  as 
**  every  attempt  that  has  been 
made  to  supersede  them  has  ended 
in  utter  failure"  (Preface),  and, 
though  they  "are  only  tempor- 
arily the  best,"  there  does  not 
exist,  "as  yet,  anything  nearly  as 
good  "  (Tait  in  article  "  Mechanics," 
'Ency.  Brit.,'  9th  ed.,  p.  749). 
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after  many  able  mathematicians  and  observers  had  gen- 
erally investigated  the  numberless  problems  contained  in 
the  'Principia,'  Laplace  published  his  'Exposition  du 
Syst^me  du  Monde,'  followed  in  the  course  of  the  first 
quarter  of  this  century  by  the  '  M^canique  celeste  ' ;  ^  and 
at  the  close  of  the  present  century  the  most  learned 
astronomer  of  the  age  could  say  that  the  'Principia' 
still  formed  the  sole  foundation  of  all  investigations  in 
that  domain.^ 

(it  is  interesting  to  see  how  in  a  simple  formula  the       12. 
mathematician  is  able  to  condense  an  almost  immeasur-  SonlSr'^ 
able  volume  of  thought,  bringing   the  theory  and  the  °''^' 
observations  of  past  ages  to  a  focus  from  which  new  lines 
of  thought  diverge  in  many  directions.'^   Every  mathe- 


^  The   'Exposition    du   Syst^me 
du   Monde'  appeared,   1796,   in   2 
vols.    8vo :    the    first    and    second 
volume  of  the  *  Mecanique  cdleste,' 
1799,    4to;   the   third,    1802;   the 
fourth,  1805  ;  the  last,  1825.     Be- 
fore  publishing  this   work,    which 
has  been  termed  a  second  edition 
of    the    'Principia,'    Laplace    had 
himself  during  thirty  years  assisted 
in  dispelling  the  last  doubts  as  to 
the  sufficiency  of  the  doctrine  of 
universal  gravitation  to  explain  all 
cosmical  phenomena  ;  and  he  had 
especially   brought    the    investiga- 
tions  of   Clairaut,   Euler,  d'Alem- 
bert,  Lambert,  and  Lagrange  to  a 
final  result  by  publishing  in   suc- 
cessive memoirs  between  1773  and 
1786  the  doctrine  of  "the  stability 
of   the   system   of    the   universe," 
based  upon  the  invariability  of  the 
major  axes  and  the  periods  of  re- 
volution  of    the   planetary   orbits. 
He  and  his  predecessors  also  ex- 
tended the  solution  of  the  problem 
**to  find  the  orbit  of  two  bodies, 
acting  under  the   law  of   mutual 


gravitation,"  which  was  given  by 
Newton  in  such  a  way  that  the 
action  of  one  or  more  third  (dis- 
turbing) bodies  could  be  taken  into 
account,  dealing  thus  with  the  case 
of  nature,  which  had  in  the  first 
instance  presented  itself  in  treating 
of  the  complex  motion  of  the  moon. 
Laplace  himself,  who  in  number- 
less passages  of  his  works  re- 
curs to  the  discoveries  of  Newton, 
announced  the  object  of  the  'Me- 
canique celeste '  to  be  the  treat- 
ment of  astronomy  "as  a  great 
problem  of  mechanics,  from  which 
it  was  important  to  banish  as  much 
as  possible  all  empiricism,"  and  to 
perfect  it  so  as  "to  borrow  from 
observation  only  the  most  indis- 
pensable data"  ('M^c.  cdl.,'  vol.  L 
introd.) 

2  The  late  Professor  Rudolf  Wolf 
of  Ziirich,  whose  '  Handbuch  der 
Astronomic,  ihrer  Geschichte  und 
Litteratur,'  2  vols.,  1890-93,  as  well 
as  his  earlier  'Geschichte  der  As- 
tronomie,'  Miinchen,  1877, 1  warmly 
recommend. 
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matical  formula  which  expresses  the  existing  relations 
of  natural  things  acts  in  a  similar  way,  but  probably  few, 
if  any,  subsequent  discoveries  have  given  scientific  minds 
so  much  fruitful  work  to  do  as  the  gravitation  formula. 
An  analysis  of  it  will  serve  us  as  a  guide  through  a  very 
large  portion  of  the  scientific  work  of  our  period ;  it  will 
serve  also  as  an  example  of  the  great  service  which  the 
mathematical  mode  of  dealing  with  conceptions  renders  to 
the  progress  of  science  and  of  thought. 

(The  so-called  law  of  gravitation  states  that  every  two 
portions  of  matter,  placed  at  a  distance  from  each  other, 
exert  on  each  other  an  attractive  force,^  which  depends 
on  the  masses  of  each,  and  on  their  distance  from 
each  other.  Th6  attractive  force  varies  in  the  direct 
proportion  of  the  mass  of  each,  and  in  the  inverse 
duplicate  ratio  of  the  distance.)   Three  distinct  lines  of 


thought 
emanating 


^  The  gravitation  formula  gives 
no  indication  of  the  actual  or  abso- 
lute amount  of  the  force  in  ques- 
tion ;  it  only  establishes  a  relation.] 
It  was  fully  three-quarters  of  a 
century  after  the  publication  of  the 
*  Principia '  that  experiments  were 
suggested  in  order  to  determine  the 
actual  magnitude  of  the  force  of 
gravitation — i.e.,  the  constant  c  in 

the  formula  /=  c — V-.    .  Michell  in 

1768  devised  an  apparatus,  em- 
ployed later  (1797)  by  Cavendish, 
and  Maskelyne  made  measurements 
towards  the  end  of  the  last  century. 
More  and  more  accurate  determin- 
ations were  made  all  through  the 
present  century,  and  latterly  by 
Prof.  Boys.  Few  persons  have  an 
idea  of  the  extreme  feebleness  of  the 
force,  which  nevertheless,  through 
the  magnitude  of  the  earth,  ac- 
quires in  our  daily  experience  such 
ormidable  proportions.      As   it   is 


desirable,  in  accordance  with  one  of 
the  principal  scientific  tendencies  of 
our  age,  to  place  the  knowledge  of 
absolute  physical  quantities  in  the 
place  of  merely  relative  numbers, 
I  mention  here  that  the  force  with 
which  two  units  of  matter  {i.e.,  2 
grammes)  placed  at  unit  distance 
{i.e.y  1  centimetre)  apart  attract 
each  other  is  such  that  they  would 
approach  each  other  with  a  velo- 
city of  nearly  7  hundred  millionths 
of  a  centimetre  in  the  first  second 
of  time.  As  a  pound  is  a  more 
familiar  quantity,  we  may  also  say 
that  two  masses,  each  containing 
415,000  tons  of  matter,  and  situ- 
ated at  a  distance  of  one  statute 
mile  apart,  will  attract  each  other 
with  the  force  of  1  lb.  (see  Sir 
R.  S.  Ball,  'Ency.  Brit,'  9th  ed., 
art.  "Gravitation").  See  also  Sir 
R.  S.  Ball,  'The  Story  of  the 
Heavens,'  p.  106,  and  Prof.  Boys 
in  'Nature,'  vol.  50,  p.  330,  &c. 


scientific  research  are  involved  and  opened  out  by  this       is. 

.    1  i  Lines  of 

statement.  thought 

_,.  _,,  .  emanati 

J^irst,  There  is  the  purely  theoretical  task  of  defining  ^^°"^**^- 
clearly  what  is  meant  by  the  different  words  which  are 
used,  and  which  in  the  formula  are  expressed  in  algebraic 
symbols.  What  is  the  definition  of  force,  what  of  mass, 
what  of  distance  ?  The  '  Principia '  give  Newton's  defi- 
nitions.^ 

Second,  The  definitions  must  be  given  in  such  a  way 
that  they  express  definite  measurable  quantities ;  and  in 
order  to  verify  and  apply  the  formula,  methods  must  be 
devised  for  measuring  these  quantities  as  they  occur  in 
nature,  and  these  measurements  must  be  actually  carried 
out.^ 


^  It  will  be  readily  admitted  that 
the  definition  of  force  as  measured 
by  change  of  motion,  and  the  defi- 
nition of  mass  as  the  quantity  of 
matter,    are   definitions    involving 
some  difficulty.      As  to  distance, 
it  may  be  thought  that  this  is  a 
purely  mathematical,  not  a  physi- 
cal  quantity.      So  it  would  be  if 
physical  bodies  were  mathematical 
points,   such   as   the   planets   in   a 
first   approximation  may   be   con- 
sidered to  be.     But  in  comparing 
the  attraction  of  the  earth   upon 
a  body  at  its  surface  with  that  on 
the  moon,   the  dimensions  of  the 
earth  could  not  be  neglected,  and 
the  problem  presented  itself  how 
the  quantities  of  mass  and  distance, 
in  the  case  of  the  earth  and  the 
body  on  its  surface,  had  to  be  de- 
fined.    It  appears  from  a  statement 
by  Prof.  Glaisher  (see  Rouse  Ball, 

*  History  of  Mathematics,'  p.  297, 
&c.)   that  the   publication   of  the 

*  Principia,'  containing  the  gravita- 
tion formula,  was  delayed,  because 
Newton  found  it  difficult  to  prove 
that  in  a  sphere  the  different  parts 

VOL.  I. 


'   with  their  different  distances  from 
any  point  need  not  be  considered 
separately,    but    that    a    quantity 
equal  to  the  whole  mass  situated 
at  the  centre  of  the  sphere  may 
be  substituted.     Laplace  showed  a 
century  later  that  this  property  of 
the  sphere  exists  only  for  one  de- 
creasing function  of  the  distance — 
inz.,  that  of  the  inverse  duplicate 
ratio.     It  exists  likewise  for  that 
function  which  increases  in  propor- 
tion to  the  distance,  but  for  none 
other  (see  'Principia,'  1st  ed.,  pp. 
198,  200;  'M^canique  celeste,'  1st 
ed.,  vol.  i.  p.  143).     Hitherto  the 
delay  in  publishing  the  '  Principia ' 
was  (see  Brewster,   'Life  of  New- 
ton,' vol.  i.  p.  290)  always  attrib- 
uted to  the  erroneous  figure  of  the 
moon's   distance  from   the   earth, 
with    which     Newton     had    been 
reckoning,  and  which  did  not  sat- 
isfy the  gravitation  formula. 
I       ^  Up   to  the  beginning   of   this 
century  the  merit  of  carrying  out 
accurate  measurements  of  astrono- 
mical constants   is   about  equally 
divided  between  France  and  Eng- 
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Third,  the  formula  is  a  mathematical  expression,  and,  as 
such,  can  be  subjected  to  purely  mathematical  analysis : 
this  analysis  may  refer  to  purely  algebraical  processes  of 


land;   the  former  country  having 
supplied  the  means  and  organised 
many    expeditions   (under   Richer, 
Picard,     Cassini,    La     Coudamine, 
Maupertuis,  and  others),  the  latter 
having  invented  and  furnished  the 
greater  portion  of  the  delicate  in- 
struments, through  Newton,  Greg- 
ory, Ramsden,  Dollond,  Harrison, 
and    others.      The    latter    was    a 
matter  of  personal,  the  former  one 
of  organised,  talent.     England  did 
not  take  any  great  part  in  the  re- 
peated measurements  of  the  arc  of 
the  meridian  till,  towards  the  end 
of  the  eighteenth  century  (1785-87), 
the  French  astronomer  Cassini  de 
Thury  presented  to  the  Royal  So- 
ciety a  memorial  on  the  uncertainty 
in   the  difference  of  longitude   of 
Greenwich  and  Paris,  and  proposed 
that  the  English  and  French  mathe- 
maticians in  concert  should  deter- 
mine, by  geodetic  operations,  the 
distance  measured  along  an  arc  of 
parallel.     This  was  assented  to,  and 
the  late  Astronomer  Royal  (G.  B. 
Airy)  claims  that  it  *'  may  be  said 
that  in  this  as  in  other  grand  ex- 
periments, though  we  began  later 
than  our  Continental  neighbours, 
we  conducted  our  operations  with 
a  degree  of  accuracy  of  which,  till 
that   time,   no  one  had   dared   to 
form  an  idea."     Since  the  begm- 
ning  of  this  century  Germany  has, 
through  the  accurate  measurements 
of  Gauss  and  Bessel,  and  through 
the  famous  establishments  of  Fraun- 
hofer,  Steinheil,  Repsold,  and  others, 
taken  a  leading  position  both  in  the 
theory  and  practice  of  measuring. 
So  far  as  gravitational  astronomy 
is  concerned,  the  United  States  of 
America  seem  at  the  end  of   this 
century    to    eclipse    all    previous 
performances.     But  if  we  owe  to 


English   genius   the    invention   of 
logarithms,  the  sextant,  the  reflect- 
ing and  the  achromatic  telescope, 
the    theodolite,    and    the    chrono- 
meter, we  owe  to  France  the  idea 
of  an  absolute  system  of  measure- 
ments   and    the    first    approxima- 
tion to  it  in  the  metrical  system, 
which  England  has  been  tardy  to 
adopt.     A  really  absolute  unit  of 
measurement,  as  the  ten-millionth 
part  of  the  earth  quadrant  was  in- 
tended to  be— one  which  would  be 
recoverable,  if  every   actually   ex- 
isting pattern  was  destroyed— does 
not    yet    indeed    exist;    but    the 
Government  of  the  Revolution  laid 
the    foundation    in    1790    of    our 
present  international  decimal  cen- 
tigrade system.      It  does  not   ap- 
pear that  the  idea  of  extending  this 
system    to    all    other    forces    and 
quantities  in  nature  was  then  con- 
templated.     A   valuable  contribu- 
tion towards  this  desirable  object 
was  made  by  Fourier,  who  in  his 
celebrated  '  Theorie  de  la  Chaleur ' 
(1822,  p.  152,  &c.)  laid  down  the 
doctrine   of   the   "dimensions"   of 
physical   quantities  which   had    to 
be   measured   and   compared  with 
each  other.     The  first  who  reduced 
the   measurement    of    other    than 
purely    mechanical    phenomena    to 
the  standard  of  mechanical  forces 
was  Gauss  (1832).     In  his  investi- 
gations referring  to  the  intensity 
of  magnetic  force  at  different  points 
of  the  earth,  he  found  it  necessary 
to  abandon  the  unit  of  weight,  the 
gramme,  and  to  adopt  the  unit  of 
mass,  inasmuch  as   the  weight  of 
the  unit  of  mass  varied  at  different 
points  of  the  globe.     He  introduced 
the   name   "absolute"  to    signify 
that  this  standard  is  independent 
of  local  or  relative  influences  (see 
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calculation,  or  to  geometrical  figures.     These  geometrical 
figures  represent  on  paper,  and  on  a  small  scale,  the 
curves  or  orbits  of  bodies  in  space  and  time,  and  can 
be  interpreted  as  such.     Then,  as  in  nature  two  bodies 
or  portions  of  matter  are  never  single  gravitating  points 
occurring  alone,  but  are  surrounded  by  the  totality  of 
existing  things,  the  formula  which  reduces  the  action  of 
gravitation  to  that  of  pairs  of  things,  and  to  the  elements 
of  matter,  requires  to  be  extended  to  more  than  two — in 
fact  to  an  infinity  of  elements.    The  infinitesimal  calculus 
teaches  us  how  to  deal  with  such  a  progression  from  finite 
numbers  and  quantities  to  infinite  numbers ;  or  from  rela- 
tions which  refer  to  infinitesimal  elements  to  finite  meas- 
urable quantities.    We  find  very  soon  that  our  powers  of 
calculation  reach  only  a  small  way,  and  cover  only  a  small 
extent  of  the  ground  which  observation  opens  to  our  eyes. 
We  are  thus  forced  to  deal  with  the  element  of  error       u. 
which  creeps  into  our  calculations ;  to  be  satisfied  with  f^^^!""^  °^ 
approximations  ;  ^  and  instead  of  certainty,  probability  is 


Gauss,  Werke,  vol.  v.  pp.  85,  293, 
&c.)  Of  Weber's  electrodynamic 
measurements  I  shall  speak  later  on. 
Absolute  measurements  were  used 
by  William  Thomson  (Lord  Kelvin) 
as  early  as  1851,  and  owing  mainly 
to  his  influence  the  present  system 
was  gradually  established  in  the 
course  of  the  following  twenty  years 
(see  William  Thomson,  'Popular 
Lectures  and  Addresses,'  vol.  i.  p. 
83,  &c.)  Fourier's  theory  of  dimen- 
sions was  first  brought  prominently 
before  the  scientific  and  teaching 
world  by  Clerk  Maxwell  in  his  trea- 
tise on  '  Electricity  and  Magnetism  ' 
(1st  ed.,  vol.  i.  p.  2).  There  also 
we  meet  for  the  first  time  with 
the  use  of  astronomical  magnitudes 
and  relations  by  which  the  usual 


three  units,  time,  mass,  and  dis- 
tance, can  be  reduced  to  two.  This 
is  also  lucidly  explained  by  Lord 
Kelvin  {loc.  cit.}  It  has  been  fol- 
lowed up  in  detail  in  two  interest- 
ing papers  by  W.  Winter  in  Exner's 
'  Repertorium  der  Physik '  (vol.  21, 
p.  775,  and  vol.  24,  p.  471). 

^  The  history  of  astronomical  cal- 
culations since  the  time  of  Newton, 
when  the  theoretical  basis  was  once 
for  all  laid,  is  a  history  of  gradual 
approximations.  Mathematically  a 
conic  section  is  sufficiently  defined 
if  the  position  of  the  focus  (the  sun 
in  our  planetary  system)  and  three 
positions  of  the  moving  star  are 
known  by  observation.  But  it  was 
a  long  time  before  even  tolerably 
complete    methods   of   observation 
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the  best  we  can  attain  to  in  our  results.^  An  entirely 
new  branch  of  investigation  springs  up — viz.,  the  theory 
of  error,  the  doctrine  of  probability,  and  the  investigation 


and   calculation  were   invented  to 
deal  practically  with  the  problem. 
Up  to  1781,  when  the  new  planet 
Uranus   was    discovered    by    Her- 
schel,  the  interest  centred  mainly 
in  the  determination  of  the  orbits 
of  comets,  which  were  assumed  to 
be  parabolic.     Halley  was  the  first 
to  calculate  these  by  means  of  ten- 
tative methods  given  by  Newton  in 
the  '  Principia.'    After  1781  the  ne- 
cessity arose  of  determining  closed 
orbits,  and  a  first  attempt  was  made 
to  do  80  by  assuming  circular  orbits 
(neglecting  the  ellipticity)  and  ne- 
glecting the  inclination  of  the  plane 
of  the  orbit  to  that  of  the  earth. 
But  in  the  first  year  of  this  century 
neither  the  parabolic  nor  the  circular 
figure  of  the  orbits  seemed  to  an- 
swer in  the  case  of  the  new  planet 
Ceres,  nor  could  the  inclination  of 
the  orbit  be  neglected.    It  required 
all  the  skill  of  Gauss  to  teckle  the 
entire,  unabbreviated  problem,  and 
this  was  done  in  his  fundamental 
work    'Theoria    motus    corporum 
ccelestium.'      As    the    'Principia' 
form  the  foundation  of  all  physical, 
so  does  the 'Theoria  motus' of  all 
calculating  astronomy.     A  similar 
fundamental  work  which  should  take 
the  next   important  step,    solving 
generally  the  problem  of  the  motion 
of  a  body  which  is  attracted  from 
more  than   one   fixed   or   movable 
centre  (the  problem  of  three  bodies), 
would  mark  the  next  great  era  in 
calculating    astronomy.      Hitherto 
this  problem  has  only  been  treated 
under  the  assumption  that  the  third 
attracting  body  disturbs   the   real 
orbit   which   has   been    calculated. 
The  necessity  of  solving  the  prob- 
lem of  three* bodies  has  made  itself 
felt  in  the  theory  of  the  moon  and 
other  satellites,  which  stand  under 


the  influence  of  the  main  planet  as 
well  as  the  sun,  and  where  therefore 
the  ellipsis  of  Kepler  cannot  even 
be  taken  as  a  first  approximation. 
And  here  again  the  necessity  of  tak- 
ing into  account  the  volume  and 
the  figures  of  the  attracting  bodies 
still  further  complicates  the  prob- 
lem. On  them  depend  the  preces- 
sion of  the  equinoxes  and  the  ir- 
regularity of  the  precession  known 
under  the  name  of  nutation. 

1  According  to  Wolf  ('  Handbuch 
der  Astronomie,'  vol.  i.  p.  128  sqq.) 
the  merit  of  having  first  considered 
the  best  methods  of  dealing  with 
errors    of    observation    belongs    to 
Picard    (1670)    and    Roger    Cotes 
(*  Aestimatio     errorum    in     mixta 
mathesi,' 1722).     The  former  seems 
to  have  first  used  the  apparently  so 
obvious  rule  of  taking  the  arith- 
metical mean  of  a  number  of  ob- 
servations,   the    latter   introduced 
the  notion  of  attributing  to  each 
observation    its    value    or    weight. 
Cotes  accordingly  found  that   the 
centre  of  gravity  of  a  number  of 
weighted  points  distributed  over  a 
plane  coincided  with  the  position  of 
greatest   probability.      Gauss    sus- 
pected   that    Tobias    Mayer     had 
already  employed  modem  methods 
in  his  calculation  of  long  series  of 
observations,  and  he  himself  used 
what  is  termed  after  Legendre  the 
"  method  of  least  squares  "  as  early 
as  1795.     It  was  not  published  till 
1806  by  Legendre,  in  his  memoir 
*  Nouvelles  methodes  pour  la  deter- 
mination des  orbites  des  cometes.' 
Gauss  published  his  methods  in  1809 
in  the  celebrated   'Theoria  motus 
corporum  ccelestium.'    This  method 
of  finding  the  most  probable  result 
when  a  larger  number  of  equations 
is  given  than  unknown  quantities 
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of  the  degree  of  approximation  which  we  can  attain  to. 
And  this  does  not  only  refer  to  the  methods  of  calculation 
which  we  adopt, — is  not  only  a  consequence  of  the  limits 
of  our  mathematical  powers;  this  element  of  error  attaches 
likewise  to  our  actual  observations,  to  the  imperfection  of 
our  senses  and  of  our  instruments.  The  many  sources 
of  mistake  and  inaccuracy  which  surround  us  may  either 
combine  to  produce  an  absolutely  useless  result,  or  may 
be  adroitly  adjusted  so  as  very  largely  to  destroy  each 
other.^  The  arrangement  of  instruments  of  observation 
and  calculation,  so  as  to  minimise  our  errors,  is  a  special 
branch  of  science.     Before  the  time  of  JSTewton  few  minds 


is  the  same  as  that  of  finding  the 
centre  of  gravity  of  a  number  of 
weighted  points.  This  centre  has 
the  property  that  the  sum  of  the 
squares  of  its  distances  from  these 
points  is  a  minimum.  After  the 
method  had  been  introduced,  La- 
place and  Gauss  independently  tried 
to  prove  it  by  a  variety  of  considera- 
tions. These  have  not  always  been 
accepted  as  conclusive,  though  it  is 
remarkable  that  very  different  ways 
of  attacking  the  problem  all  lead  to 
the  same  result,  and  that  the  rule 
is  confirmed  by  actual  trials  on  a 
large  scale.  It  has  been  shown  that 
the  method  of  least  squares  in  the 
case  of  a  series  of  observations  of 
one  and  the  same  quantity  is  equal 
to  taking  the  arithmetical  mean, — a 
process  which  recommends  itself  to 
common-sense,  though  it  is  not  easy 
to  prove  it  mathematically  to  be  the 
best.  On  the  whole,  the  calculus 
of  probabilities  and  the  so-called 
law  of  error  are  attempts  to  put 
into  figures  and  mathematical  for- 
mulae a  few  common-sense  notions, 
and  it  is  interesting  to  see  to  what 
complicated  processes  of  reasoning 
a  combination  of  these  simple  no- 
tions may  lead.     The  literature  of 


the  subject,  belonging  almost  en- 
tirely to  this  century,  is  very  large, 
Laplace  and  Gauss  heading  the  list. 
Encke  has  summarised  the  scattered 
discussions  of  Gauss  and  Bessel  in 
his  memoir  on  the  subject,  reprinted 
in  Taylor's  '  Scientific  Memoirs '  and 
in  the  2nd  vol.  of  Encke's  *  Abhand- 
lungen,'  Berlin,  1888.  De  Morgan, 
Airy,  and  Jevons  ('Principles  of 
Science,'  vol.  i.)  in  England  have 
done  much  to  popularise  the  sub- 
ject, and  Bertrand  ('  Calcul  des  Pro- 
babilites,'  1888)  has  very  fully  dis- 
cussed the  principles  of  the  whole 
matter  and  shown  up  the  weak 
points.  The  application  of  the  cal- 
culus to  statistics  will  occupy  us  in 
a  future  chapter. 

^  Not  only  has  every  instrument 
its  constant  errors,  but  even  every 
observer  himself  has  what  is  called 
a  personal  equation — i.  e.,  he  is  sub- 
ject to  constant  errors  of  observa- 
tion, dependent  on  the  peculiarity 
of  his  sense  organs,  or  his  tem- 
perament, &c.  This  was  hardly 
recognised  at  the  beginning  of  this 
century,  when  Meiskelyne,  the  As- 
tronomer Royal,  dismissed  an  as- 
sistant whose  observations  showed 
a  constant  difference  from  his  own. 
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Laplace  and 
Newton. 


16. 

Several 

interests 

which 

promote 

science. 


were  occupied  with  the  many  researches  indicated  here. 
But  as  the  contents  of  the  *  Principia '  became  familiar 
and  intelligible  to  men  of  science,  a  large  army  of 
workers,  collected  from  all  sides,  had  within  the  first 
century  after  its  publication  accuinulated  a  great  mass  of 
research.  It  is  the  glory  of  the  old  French  Academy  of 
Sciences,  in  spite  of  the  opposition  to  Newton  that  ruled 
there  for  some  time,  to  have  in  all  earnest  taken  up  his 
great  bequest,  and  to  have  made  such  a  summary  possible 
as  was  given  by  Laplace  in  the  two  works  above  re- 
ferred to.  To  Laplace  belongs  also  almost  exclusively  the 
merit  of  having  recognised  the  importance  which  attaches 
in  all  human  science  to  the  existence  of  error,  and  of 
having  founded  the  theory  of  probability.  The  element 
of  error  cannot  be  eliminated  from  our  observations  and 
our  reasonings  :  the  only  true  scientific  method  is  to 
measure  and  study  it. 

The  gravitation  formula  of  Newton  not  only  brought 
precision  and  definiteness  into  scientific  work  in  the  three 
directions  mentioned  above — it  not  only  produced  strict 
definitions  of  the  fundamental  notions  of  dynamics,  pro- 
moted accurate  measurements  of  physical  quantities,  and 
inaugurated  a  new  literature  in  pure  mathematics ;  but  it 
had,  as  all  other  great  generalisations  have  had  since,  a 
very  far-reaching  influence  on  scientific  thought  in  other, 
ways.  There  always  have  been,  and  always  will  be, 
several  distinct  interests  which  induce  men  to  study 
nature.  Some  are  driven  to  it  by  curiosity,  or  a  pure 
love  of  nature.  To  those  who  belong  to  this  class  the 
end  of  the  study  of  nature  is  to  describe  and  to  portray 
the  objects  which  surround  us,  to  see  and  know  them 
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better.     It  would  seem  as  if  to  such  minds  the  scientific 
formula,  the  so-called  law  of  nature,  must  be  distasteful, 
and  probably  useless.     Nevertheless  the  scientific  view,  of 
which  the  mathematical  formula  is  an  extreme  expres- 
sion, has  reacted,  though  not  always  beneficially,  upon 
the  labours  of  those  who  confine  themselves  to  observa- 
tion and  description ;  it  has  given  to  their  efforts  general 
interest  and  encouragement,  indicated  new  directions,  and 
frequently  opened  new  fields.     Thus  the  new  formula  of 
Copernicus  and  Galileo  gave  a  great  impetus   to   star- 
gazing, which  was  greatly  increased  by  the  almost  con- 
temporary invention  of  the  telescope.     The  new  theory 
required  the  rotation  of  the  planets,  and  led  to  minute 
observations  of  their  phases,  and  to  the  discovery  of  the 
satellites  of  Jupiter  and  the  ring  of  Saturn.     Variable 
stars   were   incidentally   discovered   by  Tycho,  and   the 
long-neglected  comets  received  greater  attention.     Ber- 
noulli attempted,  and  Halley  actually  carried  out,  the 
calculation   of   the   return  of  a  comet.     Still  later — in 
fact,  not  before  the  end  of  the  eighteenth  or  the  beginning 
of  the  present  century — came  the  turn  for  reliable  obser- 
vation of  meteors  and  auroras ;  for  as  late  as  1790  the 
'  Decade  philosophique,'  as  well  as  the  Paris  Academy  and 
many  learned  persons,  ridiculed  the  authentic  reports  of 
the  fall  of  meteors,  and  Chladni's  classical  dissertation  on 
the  stone  of  Pallas.^     It  seems  as  if  the  purest  love  of 


'.:i 


^  W^hen  in  the  year  1790  the 
municipality  of  Juillac  in  Gascony 
submitted  a  report,  signed  by  more 
than  300  eyewitnesses,  to  the  Paris 
Academy,  on  a  fall  of  stones  which 
had  there  taken  place,  one  of  the 
editors  of  the  'Decade  philoso- 
phique '  remarked  that  it  would  be 


better  to  deny  such  incredible  things 
than  to  enter  into  any  explanations. 
Bertholon  could  not  help  pitying  a 
community  which  had  such  a  foolish 
Tiiaire,  and  remarked  in  the  *  Jour- 
nal des  Sciences  utiles ' :  "  How  sad 
it  is  to  find  a  whole  municipality 
attesting  formally  by  protocol  popu- 
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17.       nature,  the  greatest  devotion   of   the  observer  and  the 
encyofmere  collector,  lead  onlv  a  little  way  in  finding  out  the  hidden 

observation.  ./  o 

paths  of  natural  things  or  the  behaviour  of  natural  ob- 
jects ;  and  however  grateful  we  must  be  to  those  pioneers 
of  knowledge  who  with  unrewarded  patience  amass  the 
material  for  later  theorists,  it  is  to  the  classification  of  a 
Linnaeus,  to  the  arrangements  of  a  Cuvier,  to  the  theories 
of  a  Darwin,  to  the  measurements  of  a  Bradley  and  a 
Herschel,  most  of  all  to  the  formulae  of  a  Newton  or  a 
Gauss,  followed  by  the  calculations  of  their  pupils,  that 
we  are  indebted  for  a  real  grasp,  for  a  comprehensive 
knowledge,  of  great  masses  of  natural  phenomena. 

Next  to  the  pure  love  of  nature,  the  desire  to  apply 
natural  knowledge,  and  to  make  it  useful  for  practical 
purposes,  has  rendered  in  return  great  services  to  science. 
The  Koyal  Society  and  the  Royal  Institution  had  both 
from  their  infancy  a  large  admixture  of  the  practical 
spirit.  These  were  founded,  more  even  than  the  academies 
abroad,  to  a  great  extent  upon  the  desire  to  make  know- 
ledge useful. 

The  Governments  of  England  and  of  France  promoted 


18. 
Practical 
interest. 


lar  fables  which  are  only  to  be  pitied  ! 
What  can  I  add  to  such  a  protocol  ? 
The  philosophical  reader  will  him- 
self suggest  what  to  say  when  he 
reads  this  authentic  proof  of  an 
evidently  wrong  fact,  of  a  pheno- 
menon which  is  physically  impos- 
sible" (Wolf,  'Geschichte  der  Astro- 
nomie,'  1877,  p.  697  sq.)  Chladni 
published  his  essay  on  the  large 
mass  of  iron  found  by  the  traveller 
Pallas  in  Siberia  in  the  year  1794, 
and,  in  spite  of  adverse  criticisms, 
followed  it  up  by  a  catalogue  and 
an  atlas  of  meteoric  stones,  sug- 
gesting that  they  were  of  cosmic 


origin.  Fortunately,  a  remarkable 
fall  of  stones,  accompanied  by 
meteoric  phenomena,  took  place  in 
1803  not  far  from  Paris,  at  I'Aigle 
in  the  department  de  I'Orne,  and 
Biot  was  commissioned  by  the 
Academy  to  proceed  to  the  dis- 
trict and  examine  the  case.  In  the 
*  Relation,'  &c.,  which  he  read  before 
the  Institute,  he  established  the 
fact  that  a  meteor  exploded  in  the 
district,  and  that  at  the  same  time 
a  fall  of  many  thousand  stones, 
weighing  about  20  tons,  took  place 
(Biot,  'Melanges  scientifiques  et 
litt^raires,'  vol.  i.  p.  15  sqq.) 


the  study  of  the  "  mechanics  of  the  heavens  "  by  offering 
large  prizes  for  scientific  and  practical  means  of  deter- 
mining the  longitude  at  sea.  The  lunar  theory,  which 
has  occupied  the  attention  of  the  greatest  mathematicians 
since  Newton — of  Euler,  Clairaut,  and  Tobias  Mayer  in 
the  last  century ;  of  Burckhardt,  Plana,  and  Hansen,  of 
Delaunay  and  Adams,  in  the  present  century — was  an 
outcome  of  this.  It  still  engages  the  attention  of  scien- 
tific minds,  involving  as  it  does  all  the  most  delicate 
astronomical  calculations,  whilst  for  practical  nautical 
purposes  the  moon  has  ceased  to  be  the  great  timekeeper, 
and  has  since  1763  been  replaced  by  the  wonderful 
chronometers  of  Harrison  and  his  successors.  A  similar 
stimulus  both  to  abstract  scientific  research  and  to  the 
perfection  of  the  practical  instruments  of  measurement 
was  given  in  this  century  by  the  development  of  sub- 
marine telegraphy  :  in  this  case  both  sides  of  the  problem, 
the  scientific  and  the  practical,  were  attacked,  and  carried 
to  a  high  degree  of  perfection  by  one  and  the  same  mind^ — 


fA' 


^  William  Thomson's  (Lord  Kel- 
vin's) investigations  and  inventions, 
which  made  submarine  telegraphy 
at  long  distances  commercially  prac- 
ticable, refer  mainly  to  the  over- 
coming of  the  "embarrassment" 
occasioned  by  the  property  (dis- 
covered by  Werner  Siemens,  1849, 
and  investigated  by  Faraday,  1854) 
which  submerged  cables  possess 
of  "retaining  a  quantity  of  elec- 
tricity in  charge  along  the  whole 
surface."  In  1854  Thomson  made 
a  full  theoretical  examination  of 
this  phenomenon,  showed  how  it 
depended  on  the  length,  the  elec- 
tric resistance,  and  the  electro- 
static capacity  of  the  line,  and  gave 
a  mathematical  formula,  with  prac- 
tical examples  of  the  retardation  of 


I  the  signals  and  the  gradual  increase 
I  of  the  strength  of  the  electric  cur- 
\  rent  at  the  receiving  end  of  long 
submarine  cables  ("  On  the  Theory 
of  the  Electric  Telegraph"  and 
other  papers,  reprinted  in  the  2nd 
vol.  of  'Math,  and  Phys.  Papers,' 
1884).  The  importance  of  con- 
structing delicate  instruments  for 
registering  feeble  signals,  and  of 
a  method  for  reducing  the  time 
of  single  signals,  became  evident 
through  these  theoretical  investi- 
gations. The  mirror  galvanometer 
was  first  used  in  1858  on  the  first 
Atlantic  cable,  and  afterwards  on 
the  successful  cables  of  1865  and 
1866.  It  was  followed  by  the 
spark -recorder,  which  led  to  the 
syphon -recorder   (1867-70),  which 


330 


SCIENTIFIC   THOUGHT. 


an  almost  unique  instance  of  the  combination  of  abstract 
reasoning  and  practical  inventiveness.  An  almost  equally 
important  problem,  having  both  scientific  and  practical 
interest,  arising  out  of  the  Newtonian  gravitation  formula, 
is  the  problem  of  the  tides.  Here  also  the  first  suggestions 
towards  a  theory  were  given  in  the  *  Principia,*  whereas 
the  first  attempt  at  a  solution  is  contained  in  Laplace's 
great  work.  A  closer  approximation  was  reached  by  Sir 
W.  Thomson  in  his  extensive  theoretical  and  practical  use 
of  Fourier's  mathematics. 

I  shall  have  frequent  opportunity  to  refer  to  the  bene- 
ficial and  fructifying  influence  which  practical  problems 
have  exerted  on  scientific  thought ;  ^  in  fact,  in  spite  of 


has  since  been  in  use  in  submarine 
telegraphy.  The  best  account  of 
these  discoveries  and  inventions  is 
to  be  found  in  Lord  Kelvin's  own 
papers,  a  good  summary  being  given 
in  his  short  article  in  Nichol's 
•Cyclopedia,'  reprinted  as  No.  82, 
vol.  ii.  p.  138. 

^  How  much  science  owes  to  the 
practical  interests  of  navigation  can 
be  seen  by  a  glance  at  the  subjects 
contained  in  the  third  volume  of 
Lord  Kelvin's  *  Popular  Lectures 
and  Addresses.'  The  Tides,  Deep- 
Sea  Sounding,  Cable-Laying,  and 
Terrestrial  Magnetism  all  furnish 
important  practical  as  well  as  high- 
ly abstract  theoretical  problems, 
the  solution  of  which  demands  new 
instruments  and  new  methods  of 
calculation.  The  phenomena  of 
the  tides  and  those  of  terrestrial 
magnetism  are  intimately  connect- 
ed with  two  of  the  most  refined 
mathematical  theories  which  this 
century  has  developed.  The  for- 
mer was  first  attacked  by  the  so- 
called  equilibrium  theory — the  pro- 
blem being  to  find  the  figure  of 
equilibrium  of  a  rotating  ellipsoid 


covered  with  water  under  the  in- 
fluence of  various  attracting  forces. 
Laplace,  followed  by  Airy  and 
Thomson,  showed  how  it  is  much 
more  a  question  of  dynamics  than 
of  statics,  and  that  it  resolves  itself 
into  the  analj'sis  and  subsequent 
synthesis  of  a  number  of  periodic 
movements,  dependent  upon  the 
several  periodic  changes  of  the  ro- 
tation of  the  earth  and  the  revo- 
lutions of  the  moon  round  the 
earth  and  the  sun.  A  general 
method  of  dealing  mathematically 
with  the  superposition  of  several 
periodic  changes  had  been  invented 
by  Fourier  in  the  early  part  of  this 
century,  and  it  was  this  which, 
especially  in  the  hands  of  Lord 
Kelvin  and  his  brother — the  late 
Prof.  James  Thomson — led  to  the 
harmonic  analysis  of  tide  motion 
and  the  subsequent  invention  of 
tide-predicting  apparatus  (see  the 
above  volume,  p.  177  sqq.)  The 
observation  of  the  magnetism  of 
the  earth  is  connected  with  great 
improvements  in  the  theory  and 
construction  of  the  mariner's  com- 
pass, suggested  and  carried  out  by 
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the  great  reciprocal  influence  which  science  has  gained  in 
the  course  of  this  century  over  practical  life,  I  am  still 
doubtful  whether  scientific  thought  has,  at  the  end  of 
our  century,  as  yet  balanced  the  debt  which  it  owes  to 
practical  inventors.  It  is  instructive,  for  instance,  to 
consider  how  much,  in  the  hands  of  Eumford,  of  Sadi 
Carnot,  of  Him,  and  of  Eankine,  science  has  learnt  from 
the  steam-engine,  and  to  reflect  whether  from  all  the 
theoretical  insight  gained  any  really  radical  improve- 
ment of  the  steam-engine — still  ouq  of  the  most  imperfect 
machines — has  resulted.^ 


Lord   Kelvin ;    and   it   has   in   an- 
other direction  led  to  remarkable 
scientific  results   in   the   hands   of 
Gauss,  who  between  the  years  1830 
and  1840  brought   the   theory   al- 
most   to    perfection.      Here   again 
the  physical  phenomenon  required 
for  its  treatment  a  special  mathe- 
matical analysis,  which  Gauss  great- 
ly   furthered    in    his    '  Allgemeine 
Lehrsiitze  in  Beziehung  auf  die  im 
verkehrteu  Verhiiltnisse  des  Quad- 
rats    der     Entfernung    wirkenden 
Anziehungs-      und      Abstossungs- 
Krafte '  (1840).    This  is  a  mathema- 
tical investigation  of  the  Newtonian 
gravitation-formula.  Gauss  followed 
out  the  theories  of  Laplace  and  La- 
grange simultaneously  with  Green, 
whose  now  celebrated  memoir   on 
the  subject  remained  long  unknown 
(see  supra,  pp.  231,  247).     The  ma- 
thematical theory  showed  that  in  a 
sphere  containing  a  certain  amount 
of  attracting  (magnetic)  matter  an 
ideal  distribution  on  the  surface  of 
the    sphere    can    be   found   which 
takes  the  place  of  the  real  but  un- 
known distribution  in  the  interior, 
and  that  if  through  observation  the 
necessary    data    are   supplied,    the 
magnetic    condition   of    any   point 
on  the  surface  can  be  foretold  with 
great  approximation.      As  an  ex- 


ample. Gauss  foretold  from  the 
imperfect  data  at  his  command 
the  position  of  the  south  magnetic 
pole.  In  1840  Capt.  Sir  James  Ross 
approached  it  sufiiciently  to  show 
the  correctness  of  the  calculation. 
The  theoretical  investigations  in 
connection  with  magnetic  attrac- 
tion and  with  tidal  movements 
have  remodelled  the  methods  of  ob- 
servation of  the  phenomena  them- 
selves, the  older  methods  having 
proved  to  be  in  many  ways  insuf- 
ficient. A  full  account  of  Gauss's 
labours  here  referred  to  will  be 
found  in  E.  Schering,  *  C.  F.  Gauss 
und  die  Erforschung  des  Erdmag- 
netismus,'  Gottingen,   1887. 

^  I  refer  in  this  matter  to  two 
addresses  delivered  recently — one 
by  Prof.  Unwin  ('Electrician,'  vol. 
35,  pp.  50  and  79)  on  ''The  De- 
velopment of  the  Experimental 
Study  of  Heat  -  Engines "  ;  the 
other  by  Prof.  Lodge  on  "The 
Second  Law  of  Thermodynamics " 
('Electrician,'  vol.  35,  p.  80  sqq.) 
From  a  perusal  of  these  papers  one 
gains  the  impression  that  science 
has  been  more  successful  in  teach- 
ing us  why  the  steam-engine  is  so 
wasteful  a  machine  than  in  show- 
ing how  it  can  be  greatly  improved. 
It  is  interesting  to  hear  that  "al- 
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19.  The  mathematical  formula  is  the  point  through  which 

effect  of  all  the  light  gained  by  science  passes  in  order  to  be  of 
cai  formula,  ^jgg  ^q  practice ;  it  is  also  the  point  in  which  all  know- 
ledge gained  by  practice,  experiment,  and  observation  must 
be  concentrated  before  it  can  be  scientifically  grasped. 
The  more  distinct  and  marked  the  point,  the  more  con- 
centrated will  be  the  light  coming  from  it,  the  more  un- 
mistakable the  insight  conveyed.  All  scientific  thought, 
from  the  simple  gravitation  formula  of  Newton,  through 
the  more  complicated  formulae  of  physics  and  of  chem- 
istry, the  vaguer  so-called  laws  of  organic  and  animated 
nature,  down  to  the  uncertain  statements  of  psychology 
and  the  data  of  our  social  and  historical  knowledge,  alike 
partakes  of  this  characteristic,  that  it  is  an  attempt  to 
gather  up  the  scattered  rays  of  light,  the  diffused  know- 
ledge, in  a  focus,  from  whence  it  can  be  again  spread  out 
and  analysed,  according  to  the  abstract  processes  of  the 
thinking  mind.  But  only  where  this  can  be  done  with 
mathematical  precision  and  accuracy  is  the  image  sharp 
and  well  defined,  and  the  deductions  clear  and  unmis- 
takable. As  we  descend  from  the  mechanical,  through 
the  physical,  chemical,  and  biological,  to  the  mental, 
moral,  and  social  sciences,  the  process  of  focalisation 
becomes   less   and   less  perfect, — the   sharp   point,   the 


most  all  the  present  difference  be- 
tween the  best  steam-engine  and 
the  worst  is  some  5  or  6  per  cent " 
(Lodge).  Prof.  Unwin  sums  up  by 
saying:  "Since  1845  purely  scien- 
tific men,  scientific  experimenters, 
and  practical  engineers  have  all 
been  engaged  in  the  study  of  the 
steam-engine.  I  do  not  believe 
that  any  one  of  the  three  can 
claim   all  the   credit   for   the   im- 


provement of  the  steam-engine  to 
the  exclusion  of  either  of  the 
others.  .  .  .  Representing  perhaps 
rather  the  scientific  than  the  prac- 
tical interest,  I  do  not  think  that 
the  mathematical  and  physical  re- 
searches of  which  I  have  tried  to 
give  an  account  have  had  no  in- 
fluence on  the  practical  business  of 
the  engineer." 


\ 


focus,  is  replaced  by  a  larger  or  a  smaller  circle,  the 
contours  of  the  image  become  less  and  less  distinct, 
and  with  the  possible  light  which  we  gain  there  is 
mingled  much  darkness,  the  source  of  many  mistakes 
and  errors.  But  the  tendency  of  all  scientific  thought 
is  towards  clearer  and  clearer  definition ;  it  lies  in  the 
direction  of  a  more  and  more  extensive  use  of  mathe- 
matical measurements,  of  mathematical  formulae. 

There  is  probably  no  science  which  has  come  so  per- 
fectly under  the  control  of  this  kind  of  mathematical  ex- 
pression as  has  astronomy  since  the  time  of  Newton  or  of 
Laplace,  and,  we  may  add,  there  exists  probably  no  mathe- 
matical formula  which  has  stood  the  test  of  application  to 
existing  phenomena  so  long  and  so  thoroughly  as  the 
gravitation  formula  of  Newton.  It  possesses  two  unique 
properties  which  no  other  formula  possesses — so  far  as  we 
can  now  see — it  is  universal  ^  and  it  is  accurate.^     These 


^  The  law  of  gravitation  can  be 
called  the  first  and  most  general 
physical  law  or  statement  of  uni- 
versal application.  The  laws  of 
motion  may  be  called  mechanical 
or  dynamical  statements.  Both 
the  law  of  gravitation  and  the 
laws  of  motion  describe  facts,  and 
have  been  found  by  experience  ; 
but  the  laws  of  motion  con- 
tain no  physical  constant—  i.e., 
no  quantity  which  requires  to  be 
fixed  and  measured  by  observa- 
tion, and  the  absolute  value  of 
which  has  for  us  at  present  no 
ulterior  meaning.  The  law  of  gra- 
vitation has  one  physical  constant, 
the  universal  gravitation  constant 
(see  p.  320).  As  it  measures  what 
we  call  matter,  it  need  not  be  de- 
termined, and  its  actual  determin- 
ation, which  has  been  accurately 
made  only  in  recent  times,  has  not 


in  any  direction  advanced  our  gen- 
eral physical  knowledge.  For  all 
practical  purposes  of  physics  the 
unit  of  mass  is  a  weight,  just  as  for 
all  commercial  purposes  gold  is  the 
standard  of  value.  The  astrono- 
mical view  permits  us  to  go  a  step 
further  and  express  the  mass  of  a 
pound  of  matter  in  units  of  time 
and  space,  and  the  political  econo- 
mist may  seek  for  a  real  standard 
of  value — for  instance,  an  article 
of  food  like  wheat.  Other  funda- 
mental physical  laws  or  general 
statements  involve  other  physical 
constants,  as  we  shall  see  later  on. 
2  The  accuracy  of  the  so-called 
laws  of  nature,  or,  more  correctly, 
of  the  expressions  which  science 
gives  to  the  laws  of  nature,  is  a 
very  important  question.  Little  is 
said  on  this  point  in  the  ordinary 
text -books.      It  is  only   in  verj' 
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two  properties  of  the  gravitation  formula  have  been  brought 
out  by  a  long  line  of  investigations,  carried  on  with  the 
view  of  substantiating  or  of  refuting  the  formula.     They 
mark  the  development  of  whole  sciences,  the  foundation 
of  quite  novel  branches  of  research.     I  propose  briefly  to 
follow  up  these  developments. 
MatteJ'and        Common-scnse  has  never  had  any  difficulty  in  knowing 
ScSfy^"'  ^^^^  matter  and  force  are,  or  in  defining  them  for  the 
defined.       purposcs  of  practical  life.     But  it  took  thousands  of  years 
to  find  a  definition  of  these  quantities  which  could  serve 
as  the  basis  of  exact  measurement,  and  permit  calcula- 
tions of  results  into  which  both  factors  entered  in  varying 


recent  publications  that  attention 
is  sufficiently  drawn  to  the  fact 
that  very  few  mathematical  for- 
mulae in  physics  or  chemistry  are 
-more  than  approximations.  The 
law  of  gravitation  is  one  of  the  few 
mathematical  expressions  which, 
besides  being  universal,  have  stood 
the  most  rigorous  tests  as  to  accur- 
acy. A  most  interesting  attempt 
to  prove  the  inaccuracy  of  New- 
ton's law  was  made,  but  speedily 
abandoned,  by  Clairaut,  one  of 
the  earliest  Newtonians  in  the  old 
Academy  of  Sciences.  Clairaut 
began  about  1743  to  study  the 
lunar  theory  in  the  light  of  New- 
ton's  system,  which  Madrin  be- 
fore him  had  already  despaired 
of  reconciling  with  the  facts  of 
observation.  When  he  himself, 
on  calculating  the  annual  motion 
of  the  moon's  apogee  (or  farthest 
point  in  its  orbit  round  the 
earth),  found  only  half  the  value 
which  observation  furnished,  he  was 
tempted  in  his  communication  to 
the  Academy  of  November  1 747  to 
suggest  that  the  Newtonian  for- 
mula might  require  a  correction  for 
great  distances.  This  suggestion 
was  followed,  as  Lalande  tells  us, 


by  a  veritable  scandal  in  the  learned 
world.  Buffon,  for  purely  meta- 
physical reasons,  objected  to  this 
infringement  of  the  simplicity  of 
the  laws  of  the  universe.  The 
opponents  of  Newton's  system  had 
a  short  triumph,  which  however 
was  speedily  reversed  when  Clair- 
aut, putting  a  greater  precision 
into  his  calculations  by  taking 
inequalities  into  account  which  he 
had  previously  neglected,  explained 
to  the  Academy  in  May  1749  that 
he  had  succeeded  in  reconciling  the 
movement  of  the  moon's  apogee 
with  the  law  of  attraction  accord- 
ing to  the  inverse  square  of  the 
distance.  From  that  time  the 
Newtonian  theory,  to  which  only 
shortly  before  mathematicians  like 
Euler  had  been  won  over,  reigned 
supreme.  See  Lalande  in  the  4th 
volume  of  Montucla's  '  Histoire 
des  Mathematiques,'  p.  67,  &c. 
Euler's  merits  in  solving  many 
problems  in  physical  astronomy  were 
so  great  that  the  Academy  procur- 
ed permission  from  Louis  XV.  to 
receive  him  as  a  surnum&aire,  the 
eight  places  granted  to  external 
members  being  all  occupied. 


quantities  and  in  varying  combinations.  That  a  smaller 
quantity  of  matter  in  motion  could  produce  the  same 
action  as  a  larger  which  was  moving  slowly,  or  even 
apparently  at  rest,  and  acted  only  by  what  is  termed  its 
dead-weight,  was  a  well-known  phenomenon ;  but  it  was 
only  within  the  half-century  which  preceded  the  publica- 
tion of  the  '  Principia '  that,  through  the  labours  of  Galileo 
and  of  Huygens,  mathematical  definitions  and  simple 
formulae  were  laid  down,  and  generally  accepted,  which 
gave  the  means  of  accurately  measuring  and  calculating 
the  phenomena  of  moving  bodies  and  the  combination  of 
forces.  These  labours  resulted  in  a  definition  of  matter 
which,  translated  into  the  language  of  our  day,  says  that 
matter  is  that  which  moves  and  is  capable  of  resisting 
any  change  of  motion.  ( Motion  is  a  measurable  quan- 
tity. For  its  measurement  we  require  the  measurement 
of  space  and  time,  and  the  well-known  relation  of  both 
— viz. J  velocity. ) 

The  above  formula  therefore  says  that  matter  is  mea- 
sured by  the  resistance  it  offers  to  change  of  motion  or 
of  velocity.  And  correspondingly  force  is  that  which  is 
capable  of  producing  change  of  motion,  or  velocity  in 
matter,  and  it  is  measured  by  the  amount  of  change  it 
produces.  Given  a  definite,  though  unknown,  force, 
portions  of  matter — i.e.,  masses — can  be  compared  by  the 
resistance  they  offer  to  the  change  of  their  motion ;  the 
smaller  the  change  the  larger  the  mass  or  quantity  of 
matter.  Given  a  definite,  though  unknown,  quantity  of 
matter,  forces  can  be  measured  by  the  different  changes 
they  produce  in  the  motion — i.e.,  the  velocity — of  this 
quantity ;  they  are  greater  or  smaller  in  the  proportion 


li 


336 


SCIENTIFIC   THOUGHT. 


THE    ASTRONOMICAL   VIEW   OF   NATURE.        337 


21. 
Weight  and 
mass. 


of  the  change  of  velocity  which  they  produce.  One  of 
the  great  difficulties  which  stood  in  the  way  of  the  fixing 
of  these  very  simple  mathematical  relations  and  defin- 
itions was  the  fact  that  all  matter  with  which  we  can 
experiment  is  under  the  influence  of  a  constant  but  un- 
known force,  that  which  makes  it  fall  if  not  supported. 
It  was  only  by  freeing  themselves  from  the  effect  of  this 
constant  force,  or  by  balancing  it,  that  philosophers 
gradually  arrived  at  the  conception  and  definition  of 
mass,  or  quantity  of  matter,  as  something  independent 
of  its  weight.  It  was  reserved  for  Newton  to  show  and 
define  the  exact  relation  which  weight  bears  to  the  other 
properties  of  matter  defined  and  measured  by  his  pre- 
decessors. By  doing  so  he  added  a  new  definition,  a  new 
means  of  measuring  the  quantity  of  matter  or  its  mass, 
showing  at  the  same  time  to  what  extent  the  popular 
measure  of  matter — i.e.,  its  weight — could  be  accurately 
used  for  scientific  purposes.  Again,  to  express  it  in  the 
language  of  our  day,  Newton  showed  that  matter  is  not 
only  that  which  offers  resistance  to  change  of  motion, 
but  also  that  which  causes  change  of  motion  in  other 
portions  of  matter:  it  is  not  only  the  object  on  which 
force  spends  itself,  it  is  the  seat  of  this  force,  and  the 
degree  in  which  it  can  change  motion  in  other  portions 
of  matter  is  proportional  to  the  degree  in  which  it 
resists  the  change  of  its  own  motion — in  other  words, 
the  gravity  or  weight  of  matter  is  proportional  to  its  mass 
or  inertia,  and  is  not  dependent  on  any  other  difference, 
whether  of  size  or  of  quality.  This  second  universal 
property  of  matter,  which  brought  out  more  clearly  the 
reciprocity   of   all   mechanical,  and   subsequently  of  all 


physical  actions,  is,  however,  dependent  on  the  mutual 
distances  of  the  particles  of  matter,  and  can  therefore  be 
altered,  but  can  as  little  as  the  existence  of  matter  itself 
be  removed.  This  view  of  Newton's  explained  or  de- 
scribed clearly^  the  phenomena  of  moving  and  falling 


^  The  distinction  between  an  ex- 
planation and  a  description  of  the 
facts  of  nature  has  been  slowly  de- 
veloped in  the  course  of  modern 
thought.  Probably  Leibniz  was 
the  first  to  insist  on  it,  and  to 
maintain  in  the  abstract  that  all 
description  of  nature  w^ould  be  me- 
chanical, but  that  the  explanation 
or  interpretation  of  nature  must  be 
spiritual.  But  the  first  practical 
instance  of  this  important  distinc- 
tion is  really  to  be  found  in  New- 
ton's philosophy.  In  many  pas- 
sages of  the  '  Principia,'  and  especi- 
ally in  the  *  Optics,'  the  double  view 
of  the  problems  of  philosophy  is 
clearly  indicated.  The  principles 
of  science  since  the  time  of  Newton 
are  general  facts,  established  by 
experience  and  put  into  mathe- 
matical language,  admitting  of  con- 
stant verification  by  observation 
and  by  the  deductions  of  the  cal- 
culus. These  principles  are  not 
the  ultimate  causes,  but  only  a 
concise  description  of  some  of  the 
phenomena  of  nature.  These  prin- 
ciples Newton  calls  mathematical — 
referring  to  measurable  quantities 
— and  distinguishes  them  from  the 
philosophical  principles!  ('Princ.,' 
Ist  ed,,  p.  401).  Especially  as  re- 
gards gravitation,  Newton  explains 
many  times  that  he  uses  this  term 
not  as  an  explanation,  but  only  as 
a  mathematical  description  of  the 
force  with  which  bodies  approach 
each  other,  whatever  the  cause  of 
this  phenomenon  may  be,  which  he 
leaves  others  (called  with  some 
irony  metaphysicians)  to  deter- 
mine ('Optics,'  query  31).     That 

VOL.  L 


Newton,  besides  giving  the  precise 
mathematical  principles  of  all  future 
dynamical  science,  indulged  also  in 
further  speculations,  which  he  put 
into  the  form  of  queries  and  ad- 
vanced with  hesitation  and  merely 
tentatively,  gave  his  opponents 
ample  opportunity  to  attack  the 
doubtful  and  uncertain  statements 
in  his  philosophy.  Instead  of 
studying  and  understanding  the 
mathematical  truths  of  the  'Prin- 
cipia,' they  attacked  the  doctrines 
which  were  fragmentarily  put  for- 
ward in  the  queries  to  the  '  Optics ' 
or  added  in  the  general  scholium 
at  the  end  of  the  second  edition  of 
the  'Principia.'  Roger  Cotes  in 
his  preface  to  the  second  edition 
of  the  'Principia,'  and  Clarke  in 
his  correspondence  with  Leibniz, 
pointed  out  the  difference  between 
Newton's  descriptive  and  calculat- 
ing and  the  older  or  metaphysical 
philosophy.  They  were,  however, 
more  interested  in  disproving  the 
atheistical  consequences  of  which 
Newton's  philosophy  had  been  ac- 
cused than  in  clearly  insisting  on 
the  fundamental  difference  between 
mathematical  and  metaphysical 
principles — i.e.,  between  the  exact 
and  the  philosophical  views  of  na- 
ture. And  in  Bentley's  Boyle  lec- 
tures, delivered  in  1692  and  1693, 
the  principles  of  Newton's  philos- 
ophy were  specially  brought  for- 
ward to  refute  atheism,  an  under- 
taking which  Newton  himself  sup- 
ported in  his  contemporary  corre- 
spondence with  Bentley,  published 
half  a  century  later,  in  1756. 
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masses,  not  only  at  a  point  on  the  surface  of  our  earth, 
where  the  force  of  gravity  can  be  considered  to  be  con- 
stant, but  all  through  the  universe,  where  it  varies  with 
the  distances  of  the  moving  masses. 

The  Newtonian  formula  of  gravitation  was  not  at  once 
accepted  by  philosophers  as  a  correct  statement  of  the 

ultimate  r  ^    r  r 

property  of   facts  of  nature.      It  appeared  to  limit  the  existence  of 

matter.  *■  •*■ 


33. 

Gravitation 
not  an 


^  The  philosophy  of  Descartes, 
which  then  reigned  on  the  Con- 
tinent, seemed  in  many  ways  to 
hinder  the  acceptance  of  Newton's 
doctrines.  Descartes  had  taken  a 
great  step  in  advance  in  philosophi- 
cal teaching  ;  he  had  placed  mathe- 
matics at  the  head  of  his  doctrine  ; 
he  had  opposed  the  older  metaphy- 
sical methods,  and  he  had,  through 
his  application  of  algebra  to  geo- 
metry, made  great  progress  towards 
a  mechanical  description  of  phe- 
nomena. But  he  had  not  separated 
the  description  from  the  interpre- 
tation of  nature.  Philosophy  and 
science  remained  united,  the  mathe- 
matical formulsc  were  only  a  new 
kind  of  metaphysics,  incapable  with- 
out observation  of  making  any  real 
advance  in  the  knowledge  of  nature. 
The  facts  of  geometry  which  are 
required  for  an  application  of  an- 
alysis are  the  well-known  axioms  of 
Euclid.  An  application  of  analysis 
to  dynamics  requires  a  knowledge 
of  the  laws  or  fundamental  proper- 
ties of  motion.  These  were  not 
correctly  and  completely  known  to 
Descartes  ;  Newton  placed  them  at 
the  head  of  his  mathematical  phil- 
osophy of  nature.  A  further  appli- 
cation to  physical  phenomena  re- 
quired a  knowledge  of  some  general 
physical  fact :  such  was  supplied  by 
Newton  in  the  gravitation  formula. 
The  laws  of  motion  and  gravitation 
once  admitted  as  facts,  there  was 
plenty  to  do  for  mathematics.  Not 
so  with  Descartes.     In  his  philoso- 


phy the  basis  of  facts  was  too  nar- 
row and  indefinite,  and  had  to  be 
supplemented  by  metaphysical  sup- 
positions and  deductions.  The  field 
for  mathematical  reasoning  not  be- 
ing sufficiently  prepared  and  wide 
enough,  Descartes  had  speedily  got 
back  again  into  metaphysical  rea- 
soning. In  fact  the  doctrines  of 
Newton,  in  which  mathematical  and 
philosophical  deductions  had  for  the 
first  time  been  successfully  separ- 
ated, encountered  on  the  Continent 
the  doctrines  of  Descartes,  in  which 
mathematical  and  philosophical  de- 
ductions were  hopelessly  mixed  up. 
On  one  point  e.specially  the  two 
views  seemed  to  clash.  Descartes 
had  by  metaphysical  considerations 
tried  to  define  what  matter  is. 
Newton  had  postponed  the  answer 
to  this  question,  but  had  defined 
mathematically  two  properties  of 
matter — viz.,  inertia  and  gravita- 
tion. Descartes'  metaphysical  con- 
siderations had  led  to  the  concep- 
tion that  matter  and  extension  were 
identical,  that  space  therefore  could 
not  be  empty.  Newton,  occupying 
himself  not  with  matter  in  the  ab- 
stract, but  only  with  moving  observ- 
able matter,  had  established  the 
general  law  of  gravitation,  leaving 
it  undecided  whether  the  apparent 
vacuum  existing  between  visible 
bodies  was  really  empty  or  full. 
For  the  deductions  from  the  law 
of  gravitation  it  might  in  the 
first  instance  be  considered  empty. 
Thus  on  this  question  about  space 


matter  to  certain  changing  places  in  an  empty  space, 
and  to  attach  the  forces  of  nature  likewise  to  this  dis- 
tribution of  matter.     This  was  hardly  the  intention  of 
the   author   himself,  who   saw  in   the   so-called   law  of 
gravitation  not  a  final  explanation,  but  only  a  descrip- 
tion of  the  phenomena  of  nature — notably  of  the  larger 
phenomena.    That  behind  the  mathematical  formula  there 
may  be  conditions  which  are  capable  of  further  analysis, 
— that  the  larger  or  molar  phenomena  of  moving  bodies 
are  made  up  of  their  smaller  or  molecular  movements, 
was  well  known  to  Newton.     For  before  he  approached 
the  great  laws  of   the  universe   he  had   been  occupied 
with   investigations   which   led    him   into   the   minutest 
phenomena,  those  of  light  and  colour.     To  him,  indeed, 
are   owing   some  of   the   observations   and   methods   by 
which  subsequently  the  greatest  and  the  smallest  meas- 
urements of  natural  objects  have  been  carried  out.     But 
in  exact  science  the  deeper  philosophical  meanings  dis- 
appear where  the  strict  mathematical  deductions  point 
to    definite    conceptions,    mark    certain    fixed    paths    of 
research,  and  promise  definite  results.     The  eighteenth 
century  gradually  settled  down  to  a  wholesale  adoption 
of  the  gravitation  theory — looked  upon  space  as  empty, 
upon  matter  as  subject  to   a  definite  though  changing 
distribution  in  space,  and  upon  the  forces  of  nature  as 
attached  to  certain  moving  centres,  between  which  only 
a  mathematical,  but  no  intelligible  physical,  connection 


— whether  it  was  empty  or  full — 
the  two  doctrines  came  into  conflict. 
That  Newton's  position  was  not  a 
final,  but  only  a  provisional  one, 
was  overlooked  ;  he  was  accused  of 
introducing  again  the  occult  quali- 


ties of  the  scholastic  philosophy,  and 
a  great  fight  was  started  against  his 
views  in  the  Academy  of  Sciences, 
where  Descartes'  philosophy  reigned 
supreme. 


II 


340 


SCIENTIFIC   THOUGHT. 


THE   ASTRONOMICAL    VIEW    OF    NATURE.        341 


could  be  traced.^  What  to  some  contemporaries  of  Newton, 
and  even  to  Newton  himself,  seemed  an  absurdity — that 
action  could  take  place  at  a  distance  ^ — became  through 


^  Voltaire,  who  did  not  dive  very 
deep  into  the  teachings  of  Newton, 
gives  a  graphic  description  of  the 
different  opinions  then  current  in 
English  and  French  learned  circles. 
In  his  'Lettres  sur  les  Anglais,' 
written  about  the  time  of  the  death 
of  Newton,  after  having  discoursed 
on  Quakerism,  the  Church  and 
Government,  on  vaccination,  Bacon 
and  Locke,  he  devotes  four  chapters 
to  the  philosophy  of  Newton,  which 
he  contrasts  with  that  of  Descartes. 
* '  Un  Frangais  qui  arrive  Ji  Londres 
trouve  les  choses  bieu  changes  en 
philosophie,  comme  dans  tout  le 
reste.  II  a  laisse  le  monde  plein,  il 
le  trouve  vide.  Paris  on  voit 

I'univers  compose  de  tourbillons  de 
matiere  subtile,  a  Londres  on  ne 
voit  rien  de  cela.  Chez  nous  c'est 
la  pression  de  la  lune  qui  cause  le 
flux  de  la  mer ;  chez  les  Anglais 
c'est  la  mer  qui  gravite  vers  la 
lune.  .  .  .  Chez  vos  Cartesiens 
tout  se  fait  par  une  impulsion  qu'on 
ne  comprend  guere ;  chez  M.  New- 
ton c'est  par  une  attraction  dont  on 
ne  connait  pas  mieux  la  cause.  .  .  . 
Descartes  assure  encore  que  I'^ten- 
due  seule  fait  la  matiere,  Newton  y 
ajoute  la  solidite"  (lettre  xiv.) 

2  "  You  sometimes  speak  of  grav- 
ity as  essential  and  inherent  to 
matter.  Pray,  do  not  ascribe  that 
notion  to  me  ;  for  the  cause  of  grav- 
ity is  what  I  do  not  pretend  to 
know"  (Newton's  2nd  letter  to  Bent- 
ley,  17th  Januarj'  1692-93).  "  It  is 
inconceivable  that  inanimate  brute 
matter  should,  without  the  media- 
tion of  something  else,  which  is  not 
material,  operate  upon  and  affect 
other  matter  without  mutual  con- 
tact, as  it  must  be,  if  gravitation, 
in  the  sense  of  Epicurus,  be  essential 
and  inherent  in  it.    And  this  is  one 


reason  why  I  desired  you  would  not 
ascribe  innate  gravity  to  me.  That 
gravity  should  be  innate,  inherent, 
and  essential  to  matter,  so  that  one 
body  may  act  upon  another  at  a 
distance  through  a  vacuum,  without 
the  mediation  of  anything  else,  by 
and  through  which  their  action  and 
force  may  be  conveyed  from  one  to 
another,  is  to  me  so  great  an  ab- 
surdity that  I  believe  no  man,  who 
has  in  philosophical  matters  a  com- 
petent faculty  of  thinking,  can  ever 
fall  into  it.  Gravity  must  be  caused 
by  an  agent  acting  constantly  ac- 
cording to  certain  laws;  but  whether 
this  agent  be  material  or  immaterial, 
I  have  left  to  the  consideration  of 
my  readers  "  (3rd  letter  to  Bentley, 
5th  February  1692-93).  And  in 
the  fifth  answer  to  Leibniz  (pub- 
lished after  Leibniz's  death)  Clarke 
says:  *'That  the  sun  attracts  the 
earth  .  .  .  — that  is,  that  the  earth 
and  sui^  gravitate  towards  each 
other,  or  tend  towards  each  other, 
with  a  force  which  is  in  a  direct 
proportion  of  their  masses,  .  .  . 
and  in  an  inverse  duplicate  propor- 
tion of  their  distances,  and  that  the 
space  betwixt  them  is  void — that  is, 
has  nothing  in  it  which  sensibly  re- 
sists the  motion  of  bodies  passing 
transversely  through :  all  this  is 
nothing  but  a  phenomenon  or  actual 
matter  of  fact,  found  by  experience. 
That  this  phenomenon  is  not  pro- 
duced sans  moyen — that  is,  without 
some  cause  capable  of  producing 
such  an  effect — is  undoubtedly  true. 
Philosophers  therefore  may  search 
after  and  discover  that  cause,  if 
they  can  ;  be  it  mechanical  or  not 
mechanical.  .  .  .  The  phenomenon 
itself,  the  attraction,  gravitation,  or 
tendency  of  bodies  towards  each 
other,  and  the  laws  or  proportions 


a  century  of  confirming  thought,  observation,  and  calcula- 
tion an  adopted  axiom,  and  the  accepted  formula  of  all 
physical  explanations.  For  a  time,  indeed,  the  exact 
formula  of  gravitation  seemed  liable  to  some  correction, 
but  gradually  the  apparent  anomalies  disappeared,  and 
even  in  our  century  none  of  the  many  attempts  to  modify 
the  gravitation  formula,  to  look  upon  it  as  merely  an  ap- 
proximation, or  to  go  behind  it  and  find  some  more  general 
relation  from  which  it  could  be  deduced,  have  been  gen- 
erally useful  or  acceptable.^  It  still  stands  there  as  the 
only  universally  accepted  mathematical  expression  which 
corresponds  to  a  general  physical  property  of  natural 
objects. 

Two  different  lines  of  thought  combined  to  give  the 
formula  of  Newton  a  still  wider  importance  than  its 
author  primarily  intended,  or  than  it  has  been  found 
possible  to  maintain  in  the  course  of  further  inquiry.  The 
first  was  the  ancient  philosophical  idea  of  attraction,  which, 
without  being  mathematically  defined  and  practically  use- 
ful, had  nevertheless,  from  the  dawn  of  Greek  speculation 


of  that  tendency,  are  now  suffici- 
ently known  by  observations  and 
experiments.  If  this  or  any  other 
learned  author  can  by  the  laws  of 
mechanism  explain  these  phenom- 
ena, he  will  not  only  not  be  con- 
tradicted, but  will,  moreover,  have 
the  abundant  thanks  of  the  learned 
world.  But  in  the  meantime,  to 
compare  gravitation,  which  is  a  phe- 
nomenon or  actual  matter  of  fact, 
with  Epicurus'  declination  of  atoms 
seems  to  be  a  very  extraordinary 
method  of  reasoning"  (§§  118-124, 
Leibniz's  *  Philosophische  Schrif- 
ten,'  by  Gerhardt,  Berlin,  1890,  vol. 
vii.  p.  439  sq. ) 
^  A    very  complete   account    of 


these  different  attempts  will  be 
found  in  the  writings  of  C.  Isen- 
krahe,  *Das  Riithsel  von  der 
Schwerkraft,'  Braunschweig,  1879  ; 
"Euler's  Theorie  von  der  Ursache 
der  Gravitation,"  in  '  Zeitschrif t  f iir 
Mathematik  und  Physik,'  vol.  xxvi. ; 
'Ueber  die  Fernkraft,'  Leipzig, 
1889;  "Ueber  die  Zuriickfiihrung 
der  Schwere  auf  Absorption,"  in 
'  Abhandlungen  zur  Geschichte  der 
Mathematik,'  vol.  vi.,  Leipzig,  Teub- 
ner,  1892.  See  also  as  bearing  on 
this  subject,  Paul  du  Bois-Reymond, 
'  Ueber  die  Grundlagen  derErkennt- 
niss  in  den  exacten  Wissenschaft- 
en,'  Tiibingen,  1890. 
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23. 

Attraction 
and  repul- 
sion. 


and  all  through  ancient  and  medi?eval  philosophy,  figured 
as  one  of  the  occult  causes  or  forces  which  regulate  the 
behaviour  of  living  and  dead  matter.  That  the  force  of 
attraction  alone  would  result  in  an  accumulation  of  all 
matter  in  one  body  was  of  course  recognised,  and  a  second 
arbitrary  and  occult  force — that  of  repulsion — was  intro- 
duced as  a  counteracting  or  balancing  agent. 

In  Newton's  system  of  the  universe  the  balancing  force 
was  found  to  be  that  of  an  inherent  initial  motion  which 
matter,  in  consequence  of  its  mass  or  inertia,  maintained 
in  addition  to  the  motion  due  to  gravitation.  If  motion 
and  inertia  were  able  to  account  for  the  apparent  repul- 
sion of  bodies  at  a  distance,  it  might  be  that  they  could 
also  account  for  their  apparent  attraction.  This  idea, 
though  expressed  about  the  time  when  the  Newtonian 
gravitation  formula  was  established,  did  not  meet  with 
serious  attention  till  far  on  in  our  century  other  lines  of 
thought  led  to  similar  views.^     The  phenomena  of  attrac- 


^  Newton  himself  seems  to  have 
looked  for  a  mechanical  explanation 
of  gravitation.      Long  before  the 
publication   of   the   'Principia'   he 
laid    before   the    Royal   Society   a 
paper    containing     "a    hypothesis 
explaining  the  properties  of  light " 
by  the  assumption  of  an  "eetherial 
medium,  much  of  the  same  consti- 
tution   with    air,    but    far    rarer, 
subtiler,  and  more  strongly  elastic  " 
(Letter  to  Oldenburg,  January  25, 
1675-76,  given  in  Brewster's  'Me- 
moirs  of   Sir   I.    Newton,'   vol.    i. 
p.  390  sqq.),  which  might  explain 
magnetic  and, electric  phenomena, 
as  well  as  those  of  gravitation,  and 
especially  light.      And  in  a  letter 
to  Robert  Boyle,  of  28th  February 
1678-79  (Brewster,  vol.  i.  p.  409), 
he  reverts  to  this  subject.     Having, 


however,  in  the  course  of  the  next 
decade  found  it  more  useful  to  work 
out  the  mathematical  conclusions 
to  be  drawn  from  the  phenomenon 
of  gravitation,  which  was  a  fact  and 
not  a  hypothesis,  he  abandoned  the 
metaphysical  part  of  the  subject, 
the  question  how  gravitation  was 
to  be  explained,  "  finding"  (as  Mac- 
laurin  says  in  his  account  of  New- 
ton's discoveries)  "  that  he  was  not 
able,  from  experiment  and  obser- 
vation, to  give  a  satisfactory  ac- 
count of  this  medium  and  the 
manner  of  its  operation  in  produc- 
ing the  chief  phenomena  of  nature." 
And  in  his  letter  to  Boyle,  as  well 
as  in  a  later  one  to  Halley  (20th 
June  1886,  Brewster,  vol.  i.  p.  439), 
he  carefully  distinguishes  between 
the  results  of  the  'Principia'  and 


5> 


» 


tion  and  repulsion  at  a  distance  rather  received  additional 
weight  and  importance  when,  following  Newton's  cosmical 
measurements.  Cavendish  and  Coulomb,  towards  the  end 


the  mere  framing  of  hypotheses 
and  conjectures,  for  which  he  pro- 
fesses to  have  little  fancy,  though 
"  the  heads  of  some  great  virtuosos 
run  much  upon  hypotheses";  and 
he  describes  his  earlier  speculations 
as  "guesses  which  I  did  not  rely 
on."  In  fact,  the  elaboration  of 
the  theorems  contained  in  the 
*  Principia '  marks  the  transition 
from  the  metaphysical  to  the  exact 
or  scientific  treatment  of  natural 
phenomena.  Before  Newton  showed 
the  far-reaching  consequences,  the 
unexpected  grasp  of  a  simple  mathe- 
matical formula  in  combining  facts 
apparently  disconnected,  no  one 
could  have  suspected  that  such 
would  be  possible,  and  it  is  not  to 
be  wondered  at  that  when  once 
philosophers  realised  the  power  of 
such  formula},  an  opposite  move- 
ment set  in  through  which  mathe- 
matical processes  were  extolled  at 
the  expense  of  experiment  and 
observation  on  the  one  side,  and 
of  philosophical  reasoning  on  the 
other.  Newton  himself  never  fell 
into  this  error.  He  knew  well  the 
importance  of  observation,  and  he 
retained  to  the  end  of  his  life  a 
gi-eat  interest  in  the  philosophical 
or  metaphysical  problems  which  lay 
beyond  or  behind  the  mathemati- 
cal statement ;  he  carefully  distin- 
guished between  the  vis  gravitatis 
and  the  causa  gravitatis.  Two  other 
great  thinkers,  second  only  to  New- 
ton himself,  took  up  a  similar  posi- 
tion to  the  law  of  gravitation. 
"Whilst  firmly  believing  in  it,  they 
considered  it  to  be  not  an  ultimate 
law  of  nature,  a  causa  occulta,  but 
believed  that  it  must  be  possible  to 
derive  it  from  some  mechanical 
properties  of  matter.  The  one  was 
older  than  Newton.     It  was  Huy- 


gens   (1629-95)   who   through   his 
analysis  of  centrifugal  forces  (1673) 
had  done  so  much  to  pave  the  way 
for  Newton's  own  work.     In  1690, 
after  having  paid  a  visit  to  England 
in  order  to  become  more  intimately 
acquainted  with  Newton's  work,  he 
published  at  Leyden  his  'Discours 
sur  la   Cause   de  la  Pesanteur,'  a 
treatise  which  was  little  noticed  at 
the  time,  and  in  which  he  is  sup- 
posed to  have  revived  the  vortices 
of  Descartes.    Those  who  have  care- 
fully examined  it  (Fritsch, '  Theorie 
der  Newton'schen  Gravitation,'  &c., 
Konigsberg,   1874  ;  and  Isenkrahe, 
'  Das  Riithsel  von  der  Schwerkraft,* 
p.  87,  &c.),  find  that  Huygens  re- 
verted to  his  conception  of  a  mate- 
rial fluid,  an  ether,  such  as  he  had 
suggested   for  the    explanation   of 
optical    phenomena,    "which   sur- 
rounds the  earth  up  to  very  great 
distances,    which    consists    of    the 
minutest  particles,  which  fly  about 
in  the  most  different  ways  in  all 
directions  with  tearing  velocity  " — 
an  anticipation  surely  of  Lesage's 
"ultramundane  corpuscles."     The 
other    great    thinker    who,    whilst 
firmly  believing  in  Newton's  law, 
sought  for  a  mechanical  explanation 
of  it,  was  Leonhard  Euler  (1707-83). 
In  his  ether  theory,  to  which  he 
reverts    frequently,    he    made    an 
attempt    to    explain     the    various 
physical     agencies,     among    them 
gravitation  (1743,    in   his  'Disser- 
tatio  de  Magnete,'  which  received 
in  1744  the   prize  offered   by  the 
Paris  Academy),  by  the  pressure  of 
the  ether.    He  admits  the  difficulty 
of  the  problem,  but  insists  upon  the 
necessity  of  finding  a  mechanical 
cause   for  gravitation.      See   Isen- 
krahe  in    'Zeitschrift  fiir  Mathe- 
matik  und  Physik,'  vol.  xxvi.  ;  but 
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24. 

Electrical 
and  mag- 
netic action 


of  the  last  century,  subjected  the  less  universal  terrestrial 
phenomena  of  magnetic  and  electric  action  to  exact  mea- 
surements, finding  that  a  formula  corresponding  to  the 
gravitation  formula  described  them  with  surprising  ac- 
curacy, with  this  remarkable  difference,  that  here  not  only 
attractive  but  also  repulsive  forces,  following  the  same 
mathematical  relations  as  to  mass  and  distance,  came  into 
play.  To  these  confirmatory  discoveries  must  be  added 
the  measurement  of  the  intensity  of  radiations  which 
proceed  from  centres,  such  as  those  of  light  and  heat, 
made  by  various  philosophers  during  the  latter  half  of 
the  last  century.  Newton,  and  his  great  successor  La- 
place more  than  a  century  after  him,  both  favoured  the 
emission  or  emanation  hypothesis  of  light,  and  it  was 
thus  natural  to  fasten  upon  the  analogy  which  existed 
between  the  intensity  in  which  radiation,  gravitation,  and 
electric  and  magnetic  action  change  with  the  distance 
from  their  respective  centres.  All  these  agencies  came 
emanations,  thus  uudcr  the  general  conception  of  forces  emanating 
from  fixed  centres,  and  spreading  through  space,  in  the 
proportion  of  the  superficial  area  of  the  spheres  described 
around  their  centres  with  increasing  radii — i.e.,  decreasing 
or  becoming  diluted  in  the  ratio  of  the  squares  of  these 
radii  or  distances.  These  analogies  were  indeed  recognised 
to  be  very  imperfect,  inasmuch  as  light  and  radiant  heat 
occupy  a  measurable  time  to  spread  from  their  centres, 
whereas  the  time  occupied  by  the  force  of  gravitation  is 


25. 
Law  of 


especially  Miething,  *L.  Euler's 
Lehre  vom  Aether,'  Berlin,  1894. 
In  the  course  of  this  century  the 
mechanical  theory  of  gravitation, 
including  the  attempts  of  Lesage, 
Euler,  Huygens,  and  Newton  him- 


self, has  again  received  attention 
through  Faraday's,  Maxwell's,  and 
Hertz's  electric  theories,  and  Wm. 
Thomson  (Lord  Kelvin)  has  especi- 
ally studied  the  ideas  of  Lesage. 
Of  this  more  later  on. 


either  exceedingly  small  or  this  force  is  propagated 
instantaneously  through  the  greatest  cosmical  distances 
which  come  under  our  notice.  Then,  again,  light  and 
radiated  heat  spend  themselves  as  they  meet  with  reflect- 
ing or  absorbing  bodies,  whereas  gravitation  does  not 
seem  to  be  affected  by  intervening  or  screening  bodies.^ 


^  It  is  now  known  that  this 
screening  effect  exists  likewise  in 
magnetic  and  electric  action.  In 
the  formula  which  expresses  the 
action  at  a  distance  of  magnetic, 
electrical,  and  ponderable  masses, 

ri2.,  /=/x  — 0-,  the  older  view — 
T 

previous  to  Faraday's  researches — 
considered   m  and   m!  the    masses 
(ponderable  or  imponderable),  and 
the  distance  r  to  be  variable,  fi  a 
constant,  corresponding  to  the  gra- 
vitation constant.    As  stated  above, 
the  gravitation  constant  is,  so  far 
as  we  know,  a  real  constant-— i.e.,  it 
is  not  affected  by  the  nature  of  the 
medium  which  fills  the  space  inter- 
vening between  m  and  m',  the  at- 
tractive masses.     Faraday  doubted 
this  ;  but  leaving  gravitation — "  as 
a  relation  by  some  higher  quality  " 
— aside,  he  directed  his  efforts  to 
the  testing  of  the  validity  of  this 
view  as  regards  electric  and  mag- 
netic action.     He  found  that  /x  is 
not  a  real  constant,  but  dependent 
on  the  nature  of  the  medium  and 
the    objects   which    intervene    be- 
tween the   magnetic    and    electric 
masses.     These  researches,    which 
are  probably  the  first  step  in  the 
direction  of  gaining  by  observation 
some    notion    of    the    mechanical 
manner  in  which  action  at  a  dis- 
tance is  brought  about,  begin  with 
the  year  1837  (see  11th  series  of 
'Experimental  Researches  in  Elec- 
tricity,' No.  1252).     The  result  was 
that  the  "specific  electric  induction 
for    different    bodies"   was   estab- 
lished,   contrary  to   the    ideas   of 


Poisson  and  others  ('Exper.  Res.,' 
No.  1167),  and  the  word  "dielec- 
tric" invented  to  denote  the  "action 
of  the  contiguous  particles  of  the 
insulating  medium"  (No.  1168). 
From  this  point  he  was  led  a 
step  farther,  to  ''expect  that  all 
polar  forces  act  in  the  same  general 
manner" — viz.,  by  contiguous  par- 
ticles. Faraday,  however,  is  care- 
ful to  remark  that  by  contiguous 
particles  he  means  those  "which 
are  next  to  each  other,  not  that 
there  is  no  space  between  them" 
(No.  1665). 

In  1838  Faraday  was  still  doubt- 
ful whether  magnetic  action  was 
similar  in  this  respect  to  statical 
electric  action  ;  but  he  thought  it 
probable  that  it  was  "communi- 
cated by  the  action  of  the  interven- 
ing particles"  (No.  1729),  and  in 
pursuing  this  line  of  thought,  in 
spite  of  many  unsuccessful  trials, 
he  at  last  saw  his  ideas  realised, 
discovered  the  magnetisation  of 
light,  and  invented  the  term  "  dia- 
magnetic"  to  describe  "a  body 
through  which  lines  of  magnetic 
force  are  passing,  and  which  does 
not  by  their  action  assume  the 
usual  magnetic  state"  (1845,  'Ex- 
per.  Res.,'  No.  2149).  At  the  end 
of  the  19  th  series  of  researches  he 
says:  "In  former  papers  (1838)  I 
proposed  a  theory  of  electrical  in- 
duction founded  on  the  action  of 
contiguous  particles,  .  .  .  and  I 
then  ventured  to  suggest  that  prob- 
ably ,  .  .  magnetic  action  was  also 
conveyed  onward  in  a  similar  man- 
ner.   At  that  time  I  could  discover 
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Nevertheless,  the  fact  that  gravity,  radiation,  and 
electric  and  magnetic  action  appear  as  central  emana- 
tions, decreasing  with  the  square  of  the  distance, — two 
properties  which  lend  themselves  to  mathematical  alid 
geometrical  representation, — seemed  to  pave  the  way  for 
further  generalisations.  All  forces  in  nature  were  put 
down  as  central  forces,  either  attractive  or  repulsive,  and 
if  not  following  the  Newtonian  formula,  still  dependent  on 
the  distance  according  to  some  mathematical  expression. 
For  nearly  a  century  theoretical  physics  were  occupied  in 
working  out  the  mathematical  formulae  expressive  of  these 
ideas,  and  Laplace  himself  promoted  these  attempts  by  the 
weight  of  his  great  authority.  We  do  not  possess  the  final 
views  on  this  point  with  which  the  great  mathematician 
intended  to  complete  the  last  edition  of  his  '  Exposition 
du  Systeme  du  Monde  ' ;  but  some  of  the  later  chapters  of 
this  work,  treating  of  gravitation  and  molecular  attraction, 
show  us  clearly  in  which  direction  he  looked  for  progress 
in  theoretical  physics.^ 


no  peculiar  condition  of  the  inter- 
vening or  diamagnetic  matter  ;  but 
now  that  we  are  able  to  distinguish 
such  an  action ;  .  .  .  now  that 
diamagnetics  are  shown  not  to  be 
indifferent  bodies,  I  feel  still  more 
confidence  in  .  .  .  asking  whether 
it  may  not  be  by  the  action  of  the 
contiguous  or  next  succeeding  par- 
ticles that  the  magnetic  force  is 
carried  onward,"  &c.  (No.  2443). 
Faraday  also  made  repeated  experi- 
ments with  the  view  of  determin- 
ing how  the  force  of  gravitation 
is  communicated,  believing  as  little 
as  Xewton  did  in  an  actio  in  distaiis, 
and  he  was  wont  to  quote  New- 
ton's words  on  this  matter,  refer- 
ring also  to  Euler's  ether  theory 
(No.  3305). 


(( 


^  In  the  fifth  edition  of  the  *  Ex- 
position du  Systeme  du  Monde '  La- 
place had  suppressed  these  chapters, 
and  had  announced   his   intention 

to  unite  the  principal  results  of 
the  application  of  analysis  to  phe- 
nomena depending  on  a  molecular 
action  differing  from  universal  at- 
traction"  into  a  special  treatise 
which  should  form  a  sequel  to  the 
'Exposition,'  &c.  This  project  was 
never  carried  out  (see  "avertisse- 
ment  au  sixieme  edition  de  '  I'Ex- 
position ' ").  The  success  which 
attended  Laplace's  attempts  to  ex- 
plain double  refraction  and  aber- 
ration of  light  (following  Newton's 
suggestions  in  the  '  Principia '  and 
'  Optics ' )  as  well  as  capillary  pheno- 
mena (following  Haukesbee)  left  no 


The  great  prominence  given  by  Laplace  to  the  gravita- 
tional explanation  of  all  natural  phenomena,  the  fact  that 
all  the  observable  movements  of  the  universe,  the  shape 
and  size  of  the  moving  masses,  and  the  orbits  they  de- 
scribe, as  well  as  many  phenomena  observable  on  the 
surface  of  our  globe,  such  as  the  aberration  and  refraction 
of  light,  the  phenomena  of  the  tides,  of  atmospheric  pres- 
sure, and  some  of  the  more  important  molecular  properties 
of  matter,  could  be  perfectly  or  approximately  described, 
calculated,  and  predicted  by  gravitation  or  analogous  at- 
tractions, gave  to  what  we  may  call — following  a  hint 
of  Clerk  Maxwell's — the  astronomical  method^  of  con- 


doubt  in  his  mind  that  such  pheno- 
mena "are  owing  to  attractive  and 
repulsive  forces  between  molecule 
and  molecule"  ('Expos.,'  6"'«  ed., 
p.  328).  He  saw  in  molecular  at- 
traction the  cause  of  the  solidity  of 
bodies,  of  chemical  affinities,  and  of 
the  properties  of  chemical  satura- 
tion, which  Berthollet  had  developed 
about  that  time  ('Expos.,'  p.  360)  ; 
he  thinks  it  likely  that  the  law  of 
molecular  attraction  is  the  same  for 
all  bodies,  and  he  finally  dwells  on 
the  question  whether  the  attraction 
of  gravity  and  molecular  attraction 
could  be  united  under  one  common 
law  or  expression  (p.  363),  and 
throws  out  the  idea  that  thus  the 
phenomena  of  physics  and  astro- 
nomy might  be  brought  under  one 
general  law,  adding,  however,  signi- 
ficantly, "Mais  I'impossibilite  de 
connaitre  les  figures  des  molecules 
et  leurs  distances  mutuelles,  rend 
ces  explications  vagues  et  inutiles  h, 
I'avancement  des  sciences." 

^  "Cavendish,  Coulomb,  and 
Poisson,  the  founders  of  the  exact 
sciences  of  electricity  and  magnet- 
ism, paid  no  regard  to  those  old 
notions  of  'magnetic  effluvia'  and 
'  electric  atmospheres '   which   had 


been    put   forth    in    the    previous 
century,  but  turned  their  undivided 
attention   to  the  determination  of 
the  law  of  force,  according  to  which 
electrified   and   magnetised    bodies 
attract  or  repel  each  other.    In  this 
way  the  true  laws  of  these  actions 
were  discovered,  and  this  was  done 
by  men  who  never   doubted    that 
the  action  took  place  at  a  distance, 
without    the    intervention   of   any 
medium,  and  who  would  have  re- 
garded   the    discovery    of    such   a 
medium    as    complicating    rather 
than  as  explaining  the  undoubted 
phenomena  of   attraction.     .     .     . 
Ampere,     by     a     combination     of 
mathematical     skill    with    experi- 
mental ingenuity,  first  proved  that 
two   electric  currents   act  on   one 
another,   and   then    analysed    this 
action     into    the    resultant    of    a 
system    of    push  -  and  -  pull    forces 
between   the   elementary   parts   of 
these  currents.    .    .    .    "Whereas  the 
general  course  of  scientific  method 
then  consisted   in   the  application 
of  the  ideas  of  mathematics   and 
astronomy  to  each  new  investiga- 
tion   in    turn,    Faraday   seems   to 
have    had   no  opportunity   of    ac- 
quiring a   technical   knowledge  of 
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27.        sidering  nature  a  great  impetus.     As  we  have  seien,  it 

The  astro- 
nomical       was  entirely  an  outcome  of  Newton's  great  discovery. 

view.  '^  ^  -^ 

Soiar^tnd  ^^  ^^  somctimcs  uscf ul  to  distinguish  between  cosmical, 
phenomena.  Dfiolar,  and  molccular  phenomena ;  it  is,  however,  well  to 
note  that  this  distinction  is  a  popular  or  practical,  not  a 
scientific  one.  The  question,  in  how  far  pure  magnitude 
affects  the  appearance  and  relations  of  the  parts  or  ele- 
ments of  which  the  universe  is  composed,  is  indeed  of 
great  scientific  interest,  but  it  has  not  yet  received  a 
definite  answer.  In  the  meantime  we  can  use  the  term 
cosmical  for  such  magnitudes  of  space,  mass,  or  time  as 
far  transcend  our  own  powers  of  direct  measurement  by 
the  foot-rule,  the  balance,  and  the  timepiece,  and  still 
more,  our  powers  of  direct  action  :  those  dimensions  com- 
pared with  which  our  own  homes  and  actions  absolutely 
disappear.  We  will  call  molar  those  masses  which  we 
can  handle  directly,  those  dimensions  in  which  we  build 
our  own  homes  and  pass  our  own  lives.  And  we  will 
call  molecular  those  sizes  and  masses  which  on  the  other 
side  are  so  small  that  the  utmost  powers  of  the  micro- 
scope and  the  dividing  machine  fail  to  make  them  directly 
visible,  still  less  tangible  or  manageable  for  our  active 
powers.  The  lines  which  limit  these  three  regions  are 
indeed  neither  fixed  nor  fixable ;  the  middle  region,  which 


mathematics,  and  his  knowledge  of 
astronomy  was  mainly  derived  from 
books.  .  .  .  Thus  Faraday  was  de- 
barred from  following  the  course 
of  thought  which  had  led  to  the 
achievements  of  the  French  philos- 
ophers, and  was  obliged  to  explain 
the  phenomena  to  himself  by  means 
of  a  symbolism  which  he  could  un- 
derstand, instead  of  adopting  what 
■had  hitherto  been  the  only  tongue 


of  the  learned"  (Clerk  Maxwell, 
"Action  at  a  Distance,"  'Proceed- 
ings of  the  Royal  Institution,'  vol. 
vii.  Reprinted  in  'Scientific  Papers,' 
Cambridge,  1890,  vol.  ii.  p.  317  sq. 
Cf.  also  vol.  i.  p.  156).  Du  Bois- 
Reymond  uses  the  term  "astro- 
nomical knowledge  "  in  a  somewhat 
wider  sense  in  his  discourse  "  Ueber 
die  Grenzen  des  Naturerkennens " 
('Reden,'  vol.  i.  p.  120). 


we  may  call  our  own  home,  seems  to  be  extending  through 
improved  means  of  seeing  and  handling ;  still  every  one 
has  a  vague  notion,  and  science  has  supported  this  notion, 
that  there  are  certain  limits,  marking  the  immeasurably 
large  and  the  immeasurably  small,  which  we  cannot  tran- 
scend. Now  it  is  a  question  of  great  scientific  interest 
to  what  extent  mere  enlargement,  such  as  the  microscope 
makes  familiar  to  us,  would  essentially  alter  the  behaviour 
and  appearance  of  things  natural.  Would  the  planetary 
or  stellar  systems,  reduced  in  size  many  million  times, 
present  an  aspect  similar  to  the  view  we  here  enjoy  of  the 
inanimate  matter  on  the  surface  of  our  earth,  and  would 
the  molecular  structure  of  microscopic  objects,  many  times 
enlarged,  differ  essentially  from  that  aspect  ?  Our  present 
knowledge  would  lead  us  to  say  they  would  essentially 
differ.  Certain  phenomena  or  modes  of  motion  seem,  so 
far  as  we  know,  essentially  characteristic  of  the  molecular, 
others  of  the  molar,  others  again  of  the  cosmical  world.^ 


^  Laplace  has  made  a  significant 
remark  on  this  point.  See  'Ex- 
position du  Systeme  du  Monde,' 
6  ed.,  p.  319  sq.  :  "La  loi  de  la 
pesanteur  reciproque  au  carrd  des 
distances  .  .  .  est  celle  de  toutes 
les  emanations  qui  partent  d'un 
centre,  telle  que  la  lumiere ;  il  pa- 
rait  meme  que  toutes  les  forces  dont 
Taction  se  fait  apercevoir  a  des 
distances  sensibles,  suivent  cette 
loi :  on  a  reconnu  depuis  peu,  que 
les  attractions  et  les  repulsions 
<51ectriques  et  magnetiques  decrois- 
sent  en  raison  du  carre  des  dis- 
tances, en  sorte  que  toutes  ces 
forces  ne  s'affaiblissent  en  se  pro- 
pageant,que  parcequ'elles  s'etendent 
comme  la  lumiere  ;  leurs  quantites 
^tant  les  memes  sur  les  diverses 
surfaces  sphdriques  que  Ton  pent 


imaginer  autour  de  leurs  foyers. 
Une  propriete  remarquable  de  cette 
loi  de  la  nature  est  que  si  les 
dimensions  de  tons  les  corps  de  cet 
univers,  leurs  distances  mutuelles 
et  leurs  vitesses,  venaient  h,  aug- 
menter  ou  a  diminuer  proportion- 
ellement ;  ils  decriraient  des  courbes 
entierement  semblables  a  eel  les, 
qu'ils  d^crivent,  et  leurs  apparences 
seraient  exactement  les  memes  ;  car 
les  forces,  qui  les  animent,  ^tant  le 
resultat  d'attractions  proportion- 
elles  aux  masses  divisees  par  le  carre 
des  distances,  elles  augmenteraient 
ou  diminueraient  proportionelle- 
ment  aux  dimensions  du  nouvel 
univers.  On  voit  en  meme  temps, 
que  cette  propriete  ne  peut  apparte- 
nir  qu'h  la  loi  de  la  nature.  Ainsi, 
les  apparences  des  mouvements  de 
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Special 

interest 
attached 
to  molar 
dimensions. 


I* 


And  we  cannot  but  be  struck  by  the  fact  that  only  those 
dimensions  which  we  call  molar  appear  to  be  the  abode 
of  living  and  conscious  beings.     The  cosmical  world  has, 
so  far  as  we  know,  no  inhabitant  which  can  behold  it  in 
the  same  way  as  man  beholds  this  planet,  and  the  same 
obtains  so  far  as  we  are  acquainted  with  the  molecular 
world.     So  far  as  our  knowledge  goes  and  is  likely  ever 
to  reach,  a  special  importance  or  dignity  will  therefore 
always  belong  to  molar  dimensions  and  masses.    The  pro- 
cess by  which  we  try  to  picture  to  ourselves  in  tracings  and 
models,  constructed  in  molar  dimensions,  the  behaviour 
and  appearance  of  cosmical  as  well  as  molecular  masses  will 
always  recommend  itself,  not  only  as  the  most  practical,  but 
likewise  as  the  most  interesting  and  plausible,  for  only  by 
this  procedure  do  these  unreachable  worlds  become  amen- 
able to  direct  observation  and  to  the  processes  of  experi- 
ment in   the  physical  laboratory.      It  seems  'prima  facie 
that  the  wealth  of  phenomena  and  the  variety  of  different 
kinds  of  motion  decrease  as  we  ascend  into  the  cosmical, 
or  as  we  descend  into  the  molecular  world,  giving  way 
in   the  former  to  essentially  uniform,  though  to  many 
times  multiplied  modes  of  motion,  and  disappearing  in 


I'univers  sont  independantes  de  ses 

dimeDsions   absolues,    comme  elle3 

le    sont,    du    mouvement    absolu, 

qu'il  peut  avoir  dans  I'espace ;  et 

nous  ne  pouvons  observer  et  con- 

naitre  que  des  rapports."     This  is 

easily  seen.     For  if  in  the  formula 

-    m.m        IT., 
/= — —^    the    dimensions    be    all 

multiplied  by  Ky  we  get  the  new 

formula  F=  K^-»  x  —  - ,    and   the 

acceleration  of  a  body  moving  round 


a  centre  like  the  sun  would  be 
T?v-7  =  ir^""x— ,    which    is    only 

K  times    the    acceleration       ,    if 

n  =  2.  In  another  passage  Laplace 
repeats  the  above  statement  in 
slightly  different  words:  "L'uni- 
vers  veduit  successivement  jusqu'au 
plus  petit  espace  imaginable,  offrir- 
ait  toujours  les  memes  apparences 
a  ses  observateurs  "  (p.  440).  That 
this  would  not  apply  to  molecular 
attractions  or  repulsions  is  evident. 
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the  latter  in  stable  and  self-repeating  averages.  Pos- 
sessed therefore,  as  we  seem  to  be,  of  the  greatest  wealth 
and  variety  of  observations  and  notions,  we  may — perhaps 
erroneously — conclude  that  we  can  grasp  the  simpler 
cosmical  and  molecular  movements  and  phenomena  by 
starting  from  molar,  physical,  or  mechanical  models.^ 


^  English  naturalists  have  always 
excelled  in  this  line  of  investigation, 
whereas  foreign  scientific  literature 
has  been  rich  in  purely  mathemati- 
cal deductions  from  formulae  which 
contained  no  construirhare  Vorstel- 
lung.     And  it  is  interesting  to  note 
that  both  lines  of  thought  go  back 
to  Newton.     Whereas  Newton  him- 
self believed  in  the  possibility  of  a 
mechanical  explanation  or  represen- 
tation of  the  gravitation  formula, 
the  second  edition   of  the   *Prin- 
cipia '  by  Cotes  can  be  looked  upon 
as  sanctioning  the  view  that  gravi- 
tation is  an  ultimate  quality  which 
must  be  accepted  as  such  ;  and  as 
it  was  the  second  edition  through 
which  Newton's  ideas  became  large- 
ly known  on  the  Continent,  it  is 
not  surprising  that  he  was  there 
accused  of  reintroducing  the  quali- 
tales  occidtcB  of  the  older  metaphys- 
ics, which  Descartes  and  others  had 
successfully  banished.     Clerk  Max- 
well says  ("Action  at  a  Distance," 
*Scieut.    Pap.,'   vol.    ii.    p.    316): 
"The  doctrine  of  direct  action  at 
a    distance    cannot    claim    for   its 
author  the  discoverer  of  universal 
gravitation.     It  was  first  asserted 
by  Roger  Cotes  in  his  preface  to 
the   'Principia,'    which    he   edited    I 
during  Newton's  life.      According   | 
to  Cotes  it  is  by  experience  that   i 
we  learn  that  all  bodies  gravitate,   i 
We  do  not  learn  in  any  other  way 
that  they  are  extended,  movable, 
or  solid.      Gravitation,   therefore,    ; 
has  as  much  right  to  be  considered 
au  essential  property  of  matter  as 
extension,  mobility,  or  impenetra- 


bility.    And  when  the  Newtonian 
philosophy  gained  ground  in  Europe, 
it  was  the  opinion  of  Cotes  rather 
than  that  of  Newton  that  became 
most  prevalent."     In  fact,  philoso- 
phers  could   be   divided   into   two 
classes — those   who  took  the  fact 
of  gravity  or  the  wider  idea  of  a 
universal  attraction  as  a  beginning, 
and  drew  from  this  beginning  all 
the  possible  mathematical  and  ex- 
perimental consequences  which  they 
could   think  of ;    and   those   who, 
whilst  admitting  this  process  as  a 
legitimate  one,   thought   it  neces- 
sary   to   go   behind    the   assumed 
beginning   and    find    a   still    more 
hidden  mechanical  reason  for  this 
admitted  property.     To  the  latter 
class     belonged    Newton    himself, 
Huygens,    Euler,    and   in    modern 
times  notably  Faraday  and  his  fol- 
lowers ;    to   the   former   class    be- 
longed Daniel  Bernoulli,  who  wrote 
to  Euler,  4th  February  1744,  refer- 
ring  to  the  ether  theory  of  the  lat- 
ter :  "  Moreover,  I  believe  both  that 
the  ether  is  gravis  versus  solem  and 
the  air  versus  terram,  and  I  cannot 
conceal   from   you    that  on    these 
points  I  am  a  perfect  Newtonian, 
and  I  am  surprised  that  you  ad- 
here so  long  to  the  principiis  Car- 
tesmnis  ;  there  is  possibly  some  feel- 
ing in  the  matter.     If  God  has  been 
able  to  create  an  aniniam  whose  na- 
ture is  unknown  to  us,  He  has  also 
been  able  to  impress  an  attractioncra 
universalem  matericv,  though  such  is 
attractio  supra  captuni,  whereas  the 
principia  Cartesiana  involve  always 
something    contra    captum"     (see 
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29. 
Geometrical 
axioms. 


« 


\  I  may,  in  passing,  mention  here  that  in  the  course  of 
our  century  certain  views  have  been  put  forward  in  pure 
mathematics,  or  rather  in  geometry,  which  make  it  con- 
ceivable, if  not  probable,  that  our  ideas  of  space  might 
not  apply  to  immeasurably  small  or  to  immeasurably 
large  dimensions.^  )vShould  the  future  progress  of  thought 


Miething,  'L.  Euler's  Lehre  vom 
Aether,'  p.  30).  In  quite  recent 
times  a  similar  position  has  again 
been  taken  up  by  Paul  du  Bois- 
Reymond  in  his  essay  "Ueber  die 
Unbegreiflichkeit  der  Fernkraft," 
in  the  *  Naturwissenschaftliche 
Rundschau'  (vol.  iii.  No.  14),  and 
in  his  posthumous  work,  'Ueber 
die  Grundlagen  der  Erkenntniss  in 
den  exacten  Wissenschaften  '  (Tii- 
bingen,  1890),  in  which  he  adds 
action  at  a  distance  as  a  third 
"  ignorabimus  "  or  unknowable  pro- 
blem to  the  two  given  in  his 
brother  Emil's  address,  "  Ueber  die 
Grenzen  des  Naturerkennens " 
(1872,  reprinted  in  'Reden,'  vol. 
i.  p.  105).  On  the  Continent, 
about  thirty  years  ago,  the  fruit- 
lessness  of  pursuing  this  problem 
seemed  generally  admitted.  Helm- 
holtz  in  1847  speaks  of  the  initial 
assumption  "  that  all  actions  in  na- 
ture are  to  be  reduced  to  attracting 
and  repelling  forces,  whose  inten- 
sity depends  merely  on  the  distance 
of  points  mutually  acting  on  each 
other"  {actio  in  distans),  and  Du 
Bois-Reymond  repeats  this  in  1871 
in  his  address.  But  it  is  significant 
that  Helmholtz,  who  (through  his 
memoir  on  vortex  motion  in  1858) 
gave  such  an  impetus  to  the  me- 
chanical explanations  of  molecular 
forces,  modified  his  views  on  this 
point  (see  his  address  on  Magnus, 
1871,  'Vortriige  und  Reden,'  vol. 
ii.);  accordingly  in  the  reprint  of 
his  memoir  of  1847  he  has  accom- 
panied it  with  some  significant  re- 
marks on  the  necessity  of  that 
initial  assumption  (1881,  'Wissen- 


t 


schaftliche  Abhandlungen,'  vol.   i. 
'.  68). 

^  Reimann  was  probably  the  first 
give  expression  to  this  line  of 
thought.  His  memoir  on  this  sub- 
ject, **  On  the  Hypotheses  which  lie 
at  the  Foundation  of  Geometry," 
bears  the  date  1854.  It  was  read 
before  the  Philosophical  Faculty  of 
Gottingen  in  the  presence  and  at  the 
request  of  Gauss,  on  whom  it  made 
a  profound  impression  (see  the  bio- 
graphical notice  on  Reimann  by 
Dedekind,  attached  to  Riemann's 
*  Gesammelte  Werke,'  Leipzig,  1 876). 
The  memoir  was  not  published  till 
after  Riemann's  death  in  1867.  In 
England  the  late  Prof.  Clifford  in- 
troduced the  subject  to  the  Cam- 
bridge Philosophical  Society  in  1870 : 
"  The  axioms  of  plane  geometry  are 
true  within  the  limits  of  experiment 
on  the  surface  of  a  sheet  of  paper, 
and  yet  we  know  that  the  sheet  is 
really  covered  with  a  number  of 
small  ridges  and  furrows,  upon 
which  these  axioms  are  not  true. 
Similarly  although  the  axioms  of 
solid  geometry  are  true  within  the 
limits  of  experiment  for  finite  por- 
tions of  our  space,  yet  we  have  no 
reason  to  conclude  that  they  are 
true  for  very  small  portions  ;  and 
if  any  help  can  be  got  thereby  for 
the  explanation  of  physical  pheno- 
mena, we  may  have  reason  to  con- 
clude that  they  are  not  true  for 
very  small  portions  of  space"  (see 
Clifford's  *  Mathematical  Papers,' 
p.  21.  Compare  also  his  lectures 
on  "The  Philosophy  of  the  Pure 
Sciences  "  in  '  Lectures  and  Essays,' ' 
vol.  i.  p.  295  sqg.) 
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or  observation  bring  forward  any  indications  that  the 
idea  is  not  only  a  theoretical  possibility,  but  an  actual 
reality,  then  the  mode  of  thought  now  so  successfully 
used — viz.,  that  of  transferring  phenomena  belonging  to 
molar  dimensions,  and  exemplified  in  the  physical  lab- 
oratory, into  cosmic  or  molecular  space  by  a  process  of 
enlarging  or  of  reducing — would  become  inapplicable. 
Mathematics  indeed  would  not  fail,  but  our  ordinary 
geometry  and  the  physical  model  and  mechanism  would 
fail:  we  should  probably  still  be  able  to  calculate, 
though  not  to  represent,  those  phenomena  of  immeasur- 
able dimensions.^ 

As  it  is,  the  first  great  example  of  calculating  and  pre- 
dicting  the   phenomena   of    an   unreachable   world   was 
Newton's  successful  attempt  to  explain  the  movements 
of   the  moon,  and  other  cosmical  bodies,  by  using  the 
phenomena  of  falling  bodies  on  the  surface  of  the  earth 
described  by  Galileo  and  Huygens ;  and  he  was  rewarded       so. 
by  the  discovery  of  a  universal  law  of  attraction,  which  meaSg''^ 
would  probably  never  have  been  discovered  by  experi-  diS'eV'''' 
ments  carried  on  within  molar  dimensions,  the  mass  of 
the  earth  being  so  immeasurably  greater  than  that  of 
any  molar  masses  under  our  control.     It  quite  escapes 
our  observation  that  in  the  action  and  reaction  of  the 
falling  stone  the  immensity  of  the  earth's  mass  is  com- 
pensated by  the  vanishing  distance  through  which  the 
earth  moves  when   attracted   by  the  stone.     Thus   the 
astronomical  view  came  to  the  rescue  of  physical  or  molar 
experiments,  helped  to  explain  them,  and  indicated  the 
manner   in   which    cosmical   forces    could    be    measured 
even  on  the  surface  of  the  earth.     The  pendulum  experi- 
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ments  of  Eicher,  Halley,  and  many  others,  the  measure- 
ments of  the  arc  of  the  meridian,  and  Cavendish's  and 
Maskelyne's  experiments,  were  some  of  the  direct  results 
of  the  discovery. 

It  was  natural  that,  having  explained  the  cosmical,  and 
subsequently  many  terrestrial  phenomena,  successfully  by 
the  formula  of  attraction,  Newton  himself,  and  still  more 
Laplace  and  his  school,  should  have  attempted  the  ex- 
planation of  molecular  phenomena  by  similar  methods. 
31.  The  astronomical  view  spread  into  molar  and  molecular 

Astronomi- 

moiSf    Physics.     Newton   himself  made  use   of   the   notion  of 
phenomena,  molccular  attraction  ^—i.e„  of  attraction  existing  only  at 


VnF 


^  In  the  fourteenth  section  of 
the  first  book  of  the  'Principia' 
Newton  is,  however,  careful  to  speak 
always  of  "attractio  vel  impulsus," 
leaving  it  open  to  the  reader  to 
form  his  own  opinion  whether  it  is 
an  action  at  a  distance  or  a  "vis  a 
tergo,"  a  push.  He  says  also  that 
the  particles  of  light  approaching 
solid  bodies  with  a  definite  velo- 
city are  bent,  "quasi  attracti  in 
eadem  (i.e.y  corpora)."  And  in  the 
twenty -third  query  to  the  first 
Latin  edition  of  the  'Opticks' 
(1706)  he  says:  "May  not  the 
small  particles  of  bodies  have  cer- 
tain virtues,  powers,  or  forces  by 
which  they  act  at  some  distance, 
not  only  on  the  rays  of  light,  re- 
flecting, refracting,  or  inflecting 
them,  but  also  on  each  other,  pro- 
ducing various  natural  phenomena  ? 
For  it  is  sufficiently  known  that 
bodies  mutually  act  on  each  other 
through  the  attraction  of  gravity 
and  through  magnetic  and  electric 
virtue.  And  these  examples  show 
what  is  the  order  and  reason  of 
nature,  so  that  it  becomes  very 
probable  that  there  may  be  other 
attractive  forces.  For  nature  is 
very  similar  and  agreeing  to  her- 


self. Through  what  efficient  cause 
these  attractions  are  brought  about 
I  do  not  inquire  here.  What  I 
here  call  attraction  may  well  be 
produced  by  an  impulse  or  in  some 
other  way  unknown  to  us.  I  take 
this  word  attraction  here  in  this 
way,  that  it  be  understood  merely 
to  mean  some  universal  force  with 
which  bodies  try  to  approach  each 
other,  whatever  cause  this  force 
I  may  have  to  be  attributed  to.  For 
from  the  phenomena  of  nature  it 
behoves  us  first  to  be  taught  which 
bodies  attract  each  other,  and  what 
are  the  laws  and  properties  of  this 
attraction,  before  we  inquire  by 
what  efficient  cause  this  attraction 
is  brought  about.  The  attraction 
of  gravity  and  of  the  magnetic  and 
electric  virtue  extend  to  sufficiently 
large  distances,  so  that  they  fall 
under  the  notice  of  the  vulgar 
senses ;  but  it  may  be  that  there 
are  others  which  are  contained  in 
such  narrow  limits  that  they  have 
so  far  escaped  all  observation." 
And  he  goes  on  to  speak  of  the  de- 
liquescence of  some  salts  and  of 
chemical  combinations  of  finely 
powdered  substances.  And  fur- 
ther on  in  the  same  query,  after 
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very  small  distances— to  explain  the  refraction  and  in- 
flection of  light  passing  from  empty  space,  or  from  the 


referring  to  attractive  forces  acting 
only  at  small   distances,    he   pro- 
ceeds :  *  *  And  as  in  algebra,  when 
the    positive    quantities    disappear 
and  cease,  negative  quantities  be- 
gin ;  so  in  mechanics,  where  attrac- 
tion stops,  there  a  repelling  force 
must  come   in.     But  that  such  a 
force  exists,  seems  to  follow  from 
the  reflection  and  inflection  of  the 
rays   of  light.      For   the   rays   are 
repelled   by  bodies  in   both   these 
cases,  without  the  immediate  con- 
tact of  the  reflecting  or  inflecting 
body.     And  if  all  this  is  so,  then 
the  whole  of  nature  will  be  very 
simple  and  similar  to  herself ;  per- 
forming all   the  great  motions  of 
the  heavenly  bodies  by  the  attrac- 
tion  of  gravity,   which   exists  be- 
tween all  those  bodies,  and  almost 
all  the  smaller    motions    of    their 
particles    through  some   other  at- 
tracting and  repelling  force,  which 
exists     mutually     between     those 
particles"    {' Optice,'    mdccvi.,    p. 
341).     The  suggestions  of  Newton 
regarding  forces   of  molecular  di- 
mensions were  taken  up  by  other 
contemporary  writers  and  experi- 
mentalists, and  the  'Philosophical 
Transactions'     during    the     early 
years  of  the  last  century  contain 
several   memoirs  touching  on  this 
subject,    notably    by    John    Keill 
(1708),    who    refers    to    Newton's 
'Opticks,'    and    enlarges,    as    does 
also    John    Freind    ( '  Prelectiones 
Chymicae'),  on  the  usefulness  of  the 
idea  of  molecular  attraction  in  ex- 
plaining chemical  and  physiological 
phenomena.     In  the  later  editions 
of  the  '  Opticks,'  evidently  in  con- 
sequence of  the  elaborate  experi- 
ments of  Hauksbee,  Newton  enters 
more  fully    into    the    question    of 
molecular,  especially  capillary,  ac- 
tion ;  and  his  last  query,  No.  31,  is 
quoted  by  Laplace  in  his  'Theorie 


de  I'Action  capillaire,'  which  forms 
the  supplement  to  the  tenth  book 
of  the  '  Mecanique  celeste.'     I  may 
here  mention  that  as  some  confu- 
sion exists  in  the  different  editions 
of  the  *  Optics '  regarding  the  num- 
bering of  the  "  Queries,"  it  is  best 
to  refer  to  Horsley's  Collected  Edi- 
tion   of    the    Works    of    Newton, 
where  the  latest  English  edition  is 
reprinted,   and   all    the  variations 
and  additions  noted  from  the  first 
(English)  edition  through  the  sub- 
sequent   ones.     The    first    edition 
breaks  off  with  query  16  ;  the  first 
Latin  one  with  query  23,  and  this 
was  in  later  editions  numbered  31, 
a  number  of  new  queries  being  in- 
serted, Nos.  18  to  24,  referring  to 
the  "  probability  of  a  medium  more 
subtle    than   air"   and    the   *' me- 
chanical efficient  of  gravity."     This 
was   added  "to  show"   (Newton's 
words  in  preface  dated  16th  July 
1717)  "that  I  do  not  take  gravity 
for  an  essential  property  of  bodies, 
.   .  .  choosing  to  propose  it  by  way 
of   a  question,    because  I  am   not 
yet  satisfied   about  it   by  way   of 
experiments."    We  may  note  that 
this  was  written  a  few  years  after 
the  second  edition  of  the  'Principia ' 
was    published    by    Cotes,    whose 
preface  did  a  good  deal  to  occasion 
the     misunderstanding     regarding 
Newton's  views  on  gravitation  as  a 
primary  quality  of  matter.     From 
his    correspondence     with     Cotes, 
edited    by    Eddleston    (1850),    we 
know  that   Newton   is   composing 
the  *'  Scholium  generale,"  which  is 
added  to  the  second  and  later  edi- 
tions  of   the    'Principia,'   had   in- 
tended to  say  "much  more  about 
the  attraction   of    the  small  par- 
ticles of  bodies,"  but  that  on  second 
thoughts  he  abandoned  this  inten- 
tion (p.  147). 
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32. 
Capillary 
action. 


atmosphere,  into  or  in  the  neighbourhood  of  solid  bodies. 
He  conceived  light  to  be  a  material  substance,  consisting 
of  minute  particles,  propelled  in  straight  lines  from  the 
luminous  centres.  These  small  particles,  when  arriving 
at  or  near  the  surface  of  transparent  bodies,  came  under 
the  influence  of  an  attraction  from  the  substance  of  such 
bodies,  and  Newton  succeeded  in  showing  that  for  rays 
of  light  which  fall  on  transparent  surfaces  at  an  angle, 
the  path  of  the  ray  in  the  body  would  be  deflected  accord- 
ing to  the  rule  experimentally  determined  by  Snell,  and 
published  by  Descartes.  This  application  of  the  idea  of 
attraction,  or  action  at  a  distance,  to  very  small  or  mole- 
cular dimensions,  required  a  modification  of  the  gravita- 
tion formula.  The  first  who  took  an  important  step  farther 
in  this  direction  was  Francis  Hauksbee.  Between  the 
year  1709  and  1713  he  made  a  series  of  experiments  on 
what  is  called  capillary  action.  His  experiments  were 
discussed  by  Newton  in  the  later  editions  of  the  '  Opticks,*" 
and  followed  by  thdse  of  Dr  Jurin  in  1718.  Hauksbee,. 
Newton,  Jurin,  and  subsequent  writers,  like  Clairaut,  all 
attributed  these  and  similar  phenomena  to  molecular 
attractions,  and  Laplace  showed  that  for  the  mathematical 
treatment  of  the  subject  a  knowledge  of  the  exact  law 
(corresponding  to  the  Newtonian  law  of  molar  attraction) 
was  unnecessary,  but  that  it  was  necessary  and  sufficient  to 
assume  the  existence  of  an  attraction  of  the  molecules  of 
bodies,  which  decreases  very  rapidly  as  their  distances  in- 
crease, "  so  as  to  become  insensible  at  the  smallest  distances 
perceptible  by  our  senses."  ^     The  phenomena  of  atmos- 

^  See  *  M^canique  celeste,'  vol.  temps,  U  determiner  les  lois  d'at- 
iv.  (1805),  Supplement,  p.  67.  See  traction  qui  representent  ces  ph^- 
also  p.  2  :  "  J'ai  cherche,  il  y  a  long-      nomenes  :  de  nouvelles  recherches- 
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pheric  refraction  as  well  as  those  of  cohesion  and  adhesion 

of  bodies — ^.e.,  the  attraction  of  particles  of  the  same  or  of 

different  matter  under  what  is  commonly  called  contact  or 

at  distances  which  we  call  in  science  molecular — were  thus 

submitted  to  calculation,  and  the  results  brought  largely 

into  harmony  with  experience.^     The  problem  presented 

itself  and  occupied  natural  philosophers  all  through  the 

last  century,  whether  a  more  general  law  of  action  at  a 

distance  could  be  found  which  comprised  the  phenomena 

of  molecular  as  well  as  of  molar  attraction. 

The  most  celebrated  attempt  in  this  direction  is  that       33. 

of  the  Jesuit  Eoger  Boscovich,  who  in  1758  published  an  extension ot 

the  Newton- 
elaborate  treatise  on  this  subject.  lan  formula. 


m'ont  enfin    conduit   h   faire  voir 
qu'ils  8ont  tons  repr^sentes  par  les 
memes  lois  qui  satisfont  aux  phe- 
nomenes  de  la  refraction,  c'est-Ji-dire 
par  les  lois  dans  lesquelles  I'attrac- 
tion  n'est  sensible  qu'a  des  distances 
inseusibles  ;  et  il  en  resulte  une  the- 
orie  complete  de  Taction  capillaire." 
^  The  terms  insensible  and  im- 
perceptible,   which   are   commonly 
used  in  these  discussions,  must  be 
taken    with    caution.       It    is    now 
known   that,   though   not   directly 
perceptible  or  sensible,  the  distance 
through    which    molecular    action 
takes  |)lace  is  measurable.     Plateau 
in    Belgium   (1843    and    following 
years)   and    Quincke    in   Germany 
(1868)  made  experiments  on  inde- 
pendent lines,  and    came   to   very 
similar  results.      The   distance   of 
molecular  action  appears  to  be  about 
the  twenty  thousandth  part  of  a 
millimetre.      See  Clerk  Maxwell's 
article  on  Capillary  Action  in  the 
9th  edition  of  the   'Ency.   Brit.,' 
reprinted    in    'Scientific    Papers,' 
vol.    ii.  ;    also   VioUe's    '  Cours   de 
Physique,'  German  edition,  vol.  i.  p. 
591,  &c.,  and  p.  639. 


^  Roger  Joseph  Boscovich,  of  the 
Society  of  Jesus  (1711-87),  took  up 
the  ideas  thrown  out  by  Newton  in 
the  last  query  to  the  '  Opticks,'  and 
published   in    1758    at    Vienna  an 
elaborate  treatise    with    the    title 
*  Theoria  Philosophise  Naturalis  re- 
dacta  ad.unicam  legem  virium  in 
Natura    existentium. '      A    second 
edition  was  published  at  Venice  in 
1763.     His  speculations  begin  with 
the  year  1745,  when  he  hit  upon 
his  general  view  that  all  forces  in 
nature  can  be  reduced  to  the  action 
of  indivisible  and  inextended  atoms, 
endowed  with  inertia  and  with  a 
mutual    force   which   at  vanishing 
distances  is  repulsive,  which  at  in- 
sensible distances  alternates  accord- 
ing to  some  mathematical  formula 
between   repulsion  and  attraction, 
and,   finally,  at  sensible  distances 
becomes    identical   with    Newton's 
force  of  gravitation.     The  general 
form  of  the  curve  which  exhibits 
this  action  at  a  distance  is  given, 
and    the    algebraical  formula  dis- 
cussed, in   the   Supplement.     But 
it   was,    of   course,    impossible    to 
define  the  law  any  further.      The 
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Though  many  of  the  views  contained  in  this  treatise 
were  really  the  same  as  those  embraced  by  a  large  school 
of  Continental  mathematicians  till  far  into  this  century, 
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the  book  was  almost  completely  forgotten  on  the  Con- 
tinent.^ No  real  progress  has  indeed  been  made  in  the 
explanation  of  physical  phenomena  by  the  application  of 


whole  treatise  is  really  more  of  a 
philosophical  than  a  mathematical 
or  experimental  investigation.  A 
large  portion  is  taken  up  in  de- 
fending his  view  against  possible 
objections,  and  in  showing  how  it 
agrees  vnth  or  differs  from  the 
philosophies  of  Leibniz  and  New- 
ton. Whilst  this  treatise  represents 
in  general  a  view  largely  held  by 
Continental  philosophers  of  nature, 
it  does  not  contain  any  new  mathe- 
matical methods  such  as  the  '  Prin- 
cipia'  contained  before  and  La- 
place's 'Mecanique  celeste'  later,  nor 
does  it  contribute  any  experiments 
such  as  those  works  likewise  con- 
tained and  suggested  to  others. 
In  fact,  it  is  more  a  metaphysical 
than  an  exact  treatise,  and  as  such 
has  exerted  no  lasting  beneficial 
influence  on  the  progress  of  science. 
"  The  eighteenth  century  made  a 
school  of  science  for  itself,  in  which 
for  the  not  unnatural  dogma  of  the 
earlier  schoolmen,  'matter  cannot 
act  where  it  is  not,'  was  substituted 
the  most  fantastic  of  paradoxes, 
contact  does  not  exist.  Boscovich's 
theory  was  the  consummation  of 
the  eighteenth  -  century  school  of 
physical  science.  This  strange  idea 
took  deep  root,  and  from  it  grew 
up  a  barren  tree,  exhausting  the 
soil  and  overshadowing  the  whole 
field  of  molecular  investigation, 
on  which  so  much  unavailing 
labour  was  spent  by  the  great 
mathematicians  of  the  early  part 
of  our  nineteenth  century.  If 
Boscovich's  theory  no  longer  cum- 
bers the  ground,  it  is  because  one 
true  philosopher  required  more  light 
for  trax;ing  lines  of  electric  force" 
(Sir  William  Thomson's  Lecture 
before  the  Royal  Institution,  May 
1860.       Reprinted  in   *  Papers  on 


Electrostatics  and  Magnetism,'  2nd 
ed.,  1884,  p.  224).     Nevertheless  it 
is  extraordinary  to  note  that  Bos- 
covich's theory  was  more  popular 
among   British   than   among   Con- 
tinental physicists.     In  France  the 
book  seems  to  have  been  little  ap- 
preciated, although  Boscovich  was 
well  known  through  his  optical  and 
astronomical  researches  (see  Montu- 
cla's  '  Histoire  des  Mathematiques,* 
vol.  iii.  p.  490,  vol.  iv.  p.  188) ;  and 
his  differences  with  d'Alembert  were 
notorious.     But  French  science  was 
then  occupied  less  with  metaphysi- 
cal theories  than  with  mathematical 
analysis  and  experimental  research. 
In    Germany    the    book    remained 
unknown,  probably  because  Euler's 
authority     favoured     an     opposite 
theory.     In  this  country,  however, 
the  theory  is  often  referred  to  from 
the  time  of  Priestley  ('History  of 
Optics ')  to  Faraday  ("  On  the  Na- 
ture of  Matter,"  ' Phil.  Mag.,'  1844, 
vol.  24),  and  more  recently  Thom- 
son (Lord  Kelvin).     The  last  has 
probably  more  than  any  other  living 
writer  of  similar  eminence  referred 
to  Boscovich,  whose  theory  he  con- 
siders  suggestive,  and  we   are  in- 
debted to  him  for  the  first  serious 
attempt  to  establish  by  actual  cal- 
culation the  real  capabilities  of  the 
Boscovich  atoms  in  explaining  the 
properties   of  chemical    molecules, 
their  stability  and  degree  of  satur- 
ation    (see     the    Report     of    the 
British    Association    at    Liverpool, 
1896).       In    Scotland    Boscovich's 
theory   was   fully    discussed    in    a 
posthumous  article  on  "Corpuscular 
Forces  "  by  John  Robison,  Professor 
of  Natural  Philosophy  at  Edinburgh, 
and  published  by  Brewster  in  the 
1st  volume  of  Robison's  '  System  of 
Mechanical  Philosophy '  (Edinburgh, 


1822).  His  '  Elements  of  Mechani- 
cal Philosophy'  (Edinb.,  1804)  be- 
tray, according  to  Dugald  Stewart, 
"a  strong  and  avowed  leaning  to 
the  theory  of  Boscovich"  (Works 
by  Hamilton,  vol.  v.  p.  107).  The 
theory  probably  found  favour, 
among  other  reasons,  because  it 
seemed  to  give  support  to  the  pre- 
valent corpuscular  theory  of  light, 
which  Euler  opposed,  as  he  did 
simple  action  at  a  distance.  In 
the  Scotch  school  of  philosophy, 
of  which  Dugald  Stewart  was  the 
most  popular  exponent,  Boscovich 
was  well  known.  Stewart  refers  to 
him  frequently  (Works by  Hamilton, 
vol.  ii.  pp.  50,  107,  110,  343  ;  vol. 
iii.  p.  233  ;  vol.  v.  p.  93  sqq.  ;  vol. 
vii.  p.  173  sqq.)  He  quotes  Priest- 
ley, Robison,  and  James  Button  as 
followers  of  Boscovich,  whilst  his 
own  adherence  is  certainly  very 
qualified,  and  he  makes  a  very 
pertinent  remark  in  his  Introduc- 
tion to  the  '  Elements  of  the  Philo- 
sophy of  the  Human  Mind'  (1792) : 
' '  I  cannot  help  taking  this  oppor- 
tunity of  remarking  that  if  physical 
inquirers  should  think  of  again  em- 
ploying themselves  in  speculations 
about  the  nature  of  matter,  instead 
of  attempting  to  ascertain  its  sen- 
sible properties  and  laws  (and  of 
late  there  seems  to  be  such  a  ten- 
dency among  some  of  the  followers 
of  Boscovich),  they  will  soon  involve 
themselves  in  an  inextricable  laby- 
rinth, and  the  first  principles  of 
physics  will  be  rendered  as  mys- 
terious and  chimerical  as  the  pneu- 
matology  of  the  schoolmen"  (vol. 
ii.  p.  50).  Boscovich  seems  to  have 
been  fond  of  tracing  mathematical 
curves  to  represent  all  kinds  of  pro- 
cesses, such  as  the  intellectual  ad- 
vancement of  the  age,  and  he  shows 


graphically  that  this  was  declining 
(Dugald  Stewart's  quotation  in  his 
'Dissertation,' Works,  vol.  i.  p.  499). 
^  When  Fechner  published  the 
first  edition  of  his  *  Atomenlehre ' 
( Isted.,  Leipzig,  1855 ;  2nded.,  1 864), 
he  does  not  seem  to  have  known  of 
Boscovich's  treatise  (see  p.  229  of 
the  2nd  edition),  and  it  was  simi- 
larly unknown  to  the  Dutch  meteor- 
ologist Buys  Ballot,  whose  curves 
of  the  attracting  and  repelling 
forces  of  matter  agree  almost  ex- 
actly with  those  of  Boscovich  (see 
'  Fortschritte  der  Physik,'  1849.  p. 
1  sqq. ;  also  Rosenberger's  *  Ge- 
schichte  der  Physik,'  vol.  iii.  p.  536 
sqq. )  In  French  scientific  literature 
the  treatise  of  Boscovich  is  mostly  ig- 
nored— the  *  Grande  Encyclopedie  ' 
does  not  even  give  its  title.  In 
fact,  French  science  does  not  con- 
sider itself  beholden  to  the  cele- 
brated Jesuit  for  what  I  call  the 
astronomical  view  of  matter.  See 
St  Venant  in  '  Comptes  Rendus, ' 
vol.  82,  p.  1223:  "  Plusieurs  auteurs, 
soit  anglais,  soit  allemands,  dans 
ses  oeuvres  qui  sont  du  reste  d'une 
haute  portee,  .  .  .  se  sont  pris  a 
condamner  vivement,  sous  le  nom  de 
theoine  de  Boscovich,  non  pas  son 
ideecapitale  de  reduction  des  atomes 
h,  des  centres  d'action  de  forces, 
mais  la  loi  m^me,  la  loi  physique 
generale  des  actions  fonctioiis  des 
distances  mutuelles  des  particules 
qui  les  exercent  r^ciproquement  les 
unes  sur  les  autres.  Et  ils  attri- 
buent  ainsi  au  cdl^bre  religieux 
Verreur  grave  oi  sont  tombes,  sui- 
vant  eux,  Navier,  Poisson  et  nos 
autres  savants,  createurs,  il  y  a  un 
demi-siecle,  de  la  mecanique  mole- 
culaire  ou  interne.  Or  cette  loi 
bldmee,  cette  loi  qui  a  et^,  mise  en 
(Buvre  aussi  par  Laplace,   &c.,  et 
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Boscovich's  or  similar  formulae,  though  the  idea  of  action 
at  a  distance  between  the  minute  particles  of  matter  un- 
derlies the  theories  by  which  Poisson,  Navier,  Cauchy, 
Lam^,  and  others  calculated  the  effect  of  elastic  forces  in 
solid  bodies,  or  the  phenomena  of  light  passing  through 
transparent  and  crystalline  substances.    A  different  school 
of  physicists,  starting  from  ideas  of  a  different  kind,  with 
which  we  shall  become  acquainted  hereafter,  have  shown 
that  specific  notions  as  to  the  molecular  structure  of  bodies 
are  not  required  in  order  to  deal  with  the  phenomena 
referred  to.     Nevertheless,  the  idea  of  action  at  a  distance 
governing  the  movements  of  immeasurably  small,  as  it 
seemingly  does  those  of  immeasurably  large  masses  in 
aature,  received  a  great  support  by  the  development  of 
two  other  branches  of  science,  which  belong  essentially  to 
the  history  of  the  present  century. 

The  sciences  of  electricity  and  magnetism  can  be  said 
to  have  originated  with  Coulomb's  accurate  measure- 
ments with  the  torsion -balance.  With  this  instrument 
he  measured  the  attracting  and  repelling  forces  of 
bodies,  electrified  or  magnetised,  by  comparing  them 
with  the  mechanical  forces  required  to  twist  a  metallic 
wire.  In  this  way  he  fixed  what  have  ever  since  his 
time  been  termed  the  units  of  electricity  or  magnetism, 
reducing  these  quantities  to  the  same  system  of  measure- 
ment with  which  we  measure  the  masses  or  inertia  of 

Extended  by  moviug  bodics.     His  methods  were  adopted  and  modi- 
Gauss  and      n   J  ^  1  i> 

Weber.        tied   and  greatly  perfected  by  Gauss   and   Weber the 


34. 

Coulomb's 
measure- 
ments. 


prise  par  Coriolis  et  Poncelet  pour 
base  de  la  mecanique  physique, 
n'est  autre  que  celle  de  Newton  lui- 
meme,  comme  on  le  voit  dod  seule- 


ment  dans  son  grand  et  principal 
ouvrage,  mais  dans  le  scholie  gen- 
eral de  sa  non  moins  immortelle 
'Optique. 
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former  applying  them  to  the  measurement  of  the  mag- 
netic forces  of  the  earth,  the  latter  to  that  of  the  forces 
exerted  by  currents  of  electricity — i.e.,  by  electricity 
which  is  not  at  rest  but  in  motion.  As  I  have  already 
stated,  the  measurements  of  Coulomb  confirmed  the 
prevalent  notion  that  action  at  a  distance,  varying 
inversely  as  the  square  of  the  distance,  and  directly  in 
the  proportion  of  the  quantities  of  the  acting  substance, 
was  a  universal  formula  or  law  of  nature.^     The  idea 


5  J> 


^  Coulomb's  exact  measurements 
of  the  attraction  and  repulsion  at  a 
distance  of  electrified  bodies  and  of 
magnets  were  published  during  the 
years  1784  to  1789  in  seven  memoirs 
presented  to  the  Paris  Academy  of 
Sciences.     They    are    conveniently 
collected,  together  with  some  other 
memoirs  of  Coulomb,  Poisson,  and 
others  on  kindred  subjects,  in  the 
.  first  volume  of  the  'Collection  de 
Memoires   relatifs   a   la   Physique,' 
published  in  1884  by  the  Soci^te 
fran9aise    de    Physique.     Coulomb 
made    use   of    the    torsion-balance 
and  the  proof-plane,  the  actions  of 
which  he  carefully  examined.     He 
confirmed  the  law,  which  had  been 
vaguely  or  approximately  expressed 
by  various  writers  before  him,  that 
electrified  bodies  act  on  each  other 
with  a  force  which  is  proportional 
to  the  inverse  square  of  their  dis- 
tances.     This    he    did    by    direct 
measurements  of  the  repulsion  of 
small  electrified  bodies  in  the  tor- 
sion-balance  (1785,    1st   Memoire). 
He   then    extended    his    measure- 
ments  by  an   indirect   method   to 
the  action  of  electrified  bodies  of 
larger  size   and  to    magnets   (2nd 
Memou-e).     He   also   defined   what 
is  meant  by  quantity  and  density 
of  electricity  and   magnetism,  and 
showed  how  these  could  be  meas- 
ured and  how  the  action  of  elec- 
trified bodies  and  magnets  depended 


on  the  more  or  less  of  these  quan- 
tities. Coulomb's  researches  con- 
tain experiments  of  great  delicacy. 
Although  the  laws  which  bear  his 
name  appear  so  simple  when  written 
down,  the  phenomena  they  repre- 
sent are  most  complicated,  as  in 
the  case  of  electricity  the  effect  of 
electrical  influence,  called  by  Fara- 
day induction,  and  in  the  case  of 
magnetism  the  presence  of  the 
earth's  magnetism,  and  the  fact 
that  we  have  never  to  do  with  one 
kind  of  magnetism  but  always  with 
two  states,  destroys  all  chance  of  ex- 
hibiting experimentally  the  simple 
case  represented  by  the  mathemati- 
cal formula.  It  was  therefore  ne- 
cessary to  consider  this  formula  as 
being  merely  a  convenient  descrip- 
tion of  the  elementary  action  of 
supposed  isolated  quantities  of 
electricity  and  magnetism,  and  by 
a  process  of  summation  to  deduce 
mathematically  the  actual  effects 
for  such  cases  of  interaction  as 
are  actually  observable  in  the  la- 
boratory. It  was  especially  the 
phenomena  of  the  distribution  of 
electricity  on  the  surface  of  elec- 
trified bodies  of  simple  shape  and 
the  distribution  of  magnetic  forces 
in  the  neighbourhood  of  magnets 
which  had  to  be  calculated  and 
measured.  In  physical  astronomy 
a  similar  course  of  reasoning  and 
observation  combined  had  verified 
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of  mass,  which  in  the  Newtonian  formula'  meant  merely 
the  quantity  of  matter,  had  indeed  to  be  enlarged,  and 
to  the  attracting  forces  had  to  be  added  those  of  re- 
pulsion; still,  though  physically  the  phenomena  were 
entirely  different,  the  mathematical  expression  which 
ruled  the  two  electric  and  the  two  magnetic  quantities, 
usually  termed  fluids,  looked  very  much  like  the  New- 
tonian gravitation  formula :  it  betrayed  philosophers  into 
thinking  they  possessed  an  explanation  where  really  they 
had  only  a  measurement  and  a  description.^ 


Newton's  elementary  law  of  gravita- 
tion, Laplace  as  it  were  summing 
up  the  evidence  in  his  great  work. 
What  Laplace  did  for  Newton  was 
done  by  Poisson  for  Coulomb's  ele- 
mentary law  of  electric  and  mag- 
netic  action,  and  on  a  still  larger 
scale   by  Gauss,   who   worked   out 
the   mathematical  theory  and  ap- 
plied it  to  the  case  of  the  magnetic 
distribution    on    the    earth's    sur- 
face.    In  England,  already  before 
Coulomb's     researches    were    pub- 
lished, Cavendish  had,  likewise  by 
a   combination  of  experiment  and 
calculation,  established  the  elemen- 
tary   formulae    and    properties    of 
electrical  phenomena.     See  note  to 
the  following  page. 

'  The  exact  measurements  of 
Coulomb  and  the  mathematical 
analysis  of  Poisson  and  Gauss 
superseded  the  vaguer  discussions 
on  the  nature  of  electricity  and 
magnetism  which  were  very  fre- 
quent before  that  period,  just  as 
the  mathematical  principles  of 
Newton  and  Laplace  drove  into 
the  background  the  discussion  on 
the  nature  and  cause  of  gravity. 
Coulomb  himself  does  not  profess 
to  settle  the  controversy  caiTied  on 
between  the  two  schools  of  which 
Dufay  and  Franklin  can  be  con- 
sidered as  the  principal  representa- 


tives—W-.,   whether  there  existed 
two    electric    fluids    or   only    one. 
Coulomb   judged   the   rival    views, 
simply   as    to   their   usefulness   in 
describing  and  measuring  phenom- 
ena :  "  Comme  ces  deux  explications 
n'ont  qu'un   degr^   de  probabilite 
plus  ou  moins  grand  je  previens, 
pour   mettre  la   the'orie    ...    a 
I'abri  de  toute  dispute  systdmatique, 
que  dans  la  supposition  des  deux 
fluides  ^lectriques  je  n'ai   d'autre 
intention  que  de  presenter  avec  le 
moins  d 'elements  possibles,  les  r^- 
sultats  du  calcul  et  de  I'exp^rience, 
et    non    d'indiquer    les    veritable* 
causes  de  I'electricit^ "  ('Collection 
de  Me'moires,'  vol.  i.  p.   252).     He 
had  previously,  in    1777,  rejected 
the  theory  of  vortices  to  explain 
magnetic  phenomena  :    "  II  semble 
qu'il  resulte  de  I'experience  que  ce- 
ne  sont  point  des  tourbillons  qui 
produiseut   les  diff^rents   phdnom- 
enes  aimantains,  et  que,   pour  les 
expliquer,    il    faut    udcessairement 
recourir  a  des  forces  attractives  et 
r^pulsives  de  la  nature  de  celles, 
dont  on  est  oblige  de  se  servir  pour 
expliquer  la  pesanteur  des  corps  et 
la  physique  celeste"  (vol.  i.  p.  8). 
And    in    1789    he    is    still    more 
cautious  ;    "  Pour  ^viter  toute  dis- 
cussion, j'avertis   ...   que  toute 
hypothese  d'attraction  et  de  rdpul- 
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The  extension  and  confirmation  which  the  Newtonian 
attraction  formula  had  thus  gained  in  the  minds  of 
many  seemed  to  be  entirely  upset  by  a  series  of  dis- 
coveries in  which  electrical,  and  subsequently  magnetic,  - 
phenomena  played  an  important  part.  These  were,  the 
discovery  of  galvanic  electricity  by  Galvani  in  1791  and 
by  Yolta  in  1800;  of  the  physiological  and  chemical 
effects  of  this  form  of  electricity,  especially  by  Davy 
(1806);  of  the  magnetic  effect  of  moving  electricity  by 
Oersted  in  1820;  of  the  connection  of  heat  and  elec- 
tricity by  Seebeck  in  1822;  of  induction  by  Faraday  in 
1831 — i.e.,  of  the  action  of  electric  currents  and  magnets 
in  generating  other  electric  currents  or  magnetic  effects 
in  bodies  which  are  moving  in  their  neighbourhood ;  and, 
finally,  of  diamagnetism  by  Faraday  in  1845. 

Many  of  the  celebrated  men  with  whose  names  the  mod-       se. 
ern  discoveries  in  electricity  are  identified,  and  amongst  Faraday, 
them  notably  Davy  and  Faraday,  were  not  brought  up 
in  the  mathematical  school  of  the  Continent,^  in  which 


sion  suivant  une  loi  quelconque  ne 
doit  etre  regardee  que  comme  une 
formule  qui  exprime  un  resultat 
d'experience  "  (vol.  i.  p.  297). 

^  To  these  must  be  added  the 
name  of  Cavendish  (1731-1810), 
whose  electrical  researches,  in 
which  he  anticipated  many  of  Cou- 
lomb's results,  proceeded  on  en- 
tirely different  lines  from  those  of 
the  Continental  school.  He  proved 
—in  or  before  1773— from  the  fact 
that  a  small  globe  situated  in  the 
hollow  of  a  large  electrified  globe 
and  communicating  with  it  showed 
no  signs  of  electricity,  that  electric 
attraction  and  repulsion  must  be 
inversely  as  the  square  of  the  dis- 
tance.    In  his  published  and  post- 


humous papers  (edited  by  Max- 
well in  1879  under  the  title  of 
'  The  Electrical  Researches  of  the 
Hon.  Henry  Cavendish')  he  anti- 
cipated, as  Maxwell  has  shown, 
many  later  investigations  of  British 
and  Continental  writers.  He  had 
a  clear  notion  of  electrical  capacity, 
of  potential  and  of  electrical  resist- 
ance, he  anticipated  Ohm's  law — 
i.e.,  the  proportionality  between 
the  electro-motive  force  and  the 
current  in  the  same  conductor. 
He  studied  the  properties  of  diel- 
ectrics, and  "not  only  anticipated 
Faraday's  discovery  of  the  specific 
inductive  capacity  of  different  sub- 
stances, but  measured  its  numer- 
ical  value   in   several   substances " 
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the  astronomical  view  of  phenomena  had  been  established 
and  strengthened  mainly  by  a  development  of  the  New- 
tonian philosophy.  They  belonged  to  another  school, 
which  approached  that  great  field  of  research  from  the 
purely  experimental  side, — mainly,  so  far  as  Davy  was 
concerned,  from  the  side  of  chemistry,  which,  dealing 
with  the  qualitative,  not  merely  the  quantitative,  proper- 
ties of  matter,  was  at  that  period  almost  entirely  thrown 


upon  experimental  research.^  Chemistry  had  only  just 
entered  the  list  of  the  exact  sciences,  by  the  use  of  the 
balance,   largely  owing  to   Lavoisier  and  his  followers. 


(Maxwell's     Introduction     to     the 
'Researches,'  p.  xlix  sqq.)     Caven- 
dish's electrical  work  seems  to  have 
remained   unnoticed  abroad.      Cu- 
vier,  who  fully  appreciates  him  as 
a   pioneer    in    modern    chemistry, 
does    not    refer    to    his    electrical 
researches,     and     in     Continental 
works    his    name    is    hardly   men- 
tioned   in    connection    with    elec- 
trical science.     He,  however,  clearly 
belongs    to    the    same    lineage    as 
Davy  and  Faraday,  whose  breadth 
of  experimental  observation  some- 
what prevented   them   from  fully 
assimilating  the  results  of  Coulomb 
and    his    school,    which   moved    in 
narrower   but    more   precise  lines. 
If  Cavendish  was  unknown  abroad 
as    an    electrician,    Coulomb    was 
little  known  in  England.    Whewell, 
who  did  more  than   any  other  to 
make  known  the  researches  of  the 
mathematical  school  (see  his  article 
in   the   *  Encyclopaedia    Metropoli- 
tana,'  1826,  and  his  British  Associ- 
ation Report,  1835),  could  state  in 
the  first  edition  of  his  *  History  of 
the  Inductive  Sciences'  (1837)  that 
"  the  reception  of  the  Coulombian 
theory   has   hitherto   not    been   so 
general  as  might  have  been  reason- 
ably expected  from  its  very  beauti- 
ful accordance  with  the  facts  which 
it  contemplates"  (3rd  ed.,  vol.  iii. 
p.  28).     He  then  refers  to  the  ex- 
periments of  Snow  Harris.     These 
experiments,    as  well  as  those  of 


Faraday,  carried  on  about  the  same 
time,  dealt  largely  with  the  proper- 
ties of  dielectrics  and  of  what  we 
now  call  the  electric  field,  a  subject 
almost  entirely   neglected    by   the 
mathematical  school  of  that  period. 
It  was  not  till  1845  that  William 
Thomson  (Lord  Kelvin)  cleared  up 
the   whole    subject   in   a    memoir, 
**  On  the   Mathematical  theory  of 
Electricity    in    Equilibrium "    (see 
'Reprint   of   Papers.'  &c.,  p.   i5). 
He   there  refers   to   the  fact  that 
"many   have    believed    Coulomb's 
theory  to  be  overturned  by  the  in- 
vestigations "  of  Snow  Harris  and 
Faraday,    and    he    therefore    pro- 
poses to  show  that  "all  the  experi- 
ments which  they  have  made  hav- 
ing direct  reference  to  the  distri- 
bution of  electricity  in  equilibrium 
are    in    full    accordance    with    the 
laws  of  Coulomb,  and  must  there- 
fore  be   considered    as    confirming 
the    theory"    (p.    18).      He    thus 
brought    together    the    two    inde- 
pendent    lines     of     research     and 
thought,  the  mathematical  and  the 
experimental,   represented    by   the 
school  of  Gauss  and  Weber  abroad, 
and   by  Faraday  in  England,  and 
suggested  those  further  researches 
of   which    Maxwell's   'Treatise    on 
Electricity  and  Magnetism'  is  the 
great  exponent.      See  the  preface 
to  this  work,  p.  xi,  &c.,  1873  ;  also 
Maxwell's   '  Scientific  Papers,'   vol. 
ii.  pp.  258,  302,  304. 


^  Although  Faraday's  '  Experi- 
mental Researches  in  Electricity' 
(1831-52)  contain  mostly  what 
chemists  would  call  ''qualitative" 
investigations  and  only  few  exact 
"quantitative"  measurements  — 
forming  in  this  respect  a  very 
remarkable  contrast  to  Weber's 
*  Electrodynamische  Maasbestim- 
mungen '  (1846-78) — it  is  important 
to  remark  that  one  of  the  methods 
for  exact  measurement  of  the 
electric  current — viz.,  by  the  chem- 
ical decomposition  of  compounds 
— was  established  by  Faraday  in 
1833  and  1834.  He  showed  that 
whenever  decomposition  took  place 
the  quantities  decomposed  were  in 
proportion  to  the  amount  of  elec- 
tricity flowing  through  the  circuit 
and  in  proportion  to  the  chemical 
equivalents.  Owing  to  the  want  of 
a  clear  definition  of  quantity  and 
intensity  of  current,  Berzelius  op- 
posed this  view  of  Faraday's  as 
illogical,  confounding  the  quan- 
tity of  substance  decomposed  with 
the  force  required  to  set  it  free. 
Clearer  definitions  and  accumu- 
lated experience  have  confirmed 
Faraday's  law,  which  is  now 
looked  upon  as  one  of  the  best  es- 
tablished general  facts  of  chemical 
and  electrical  science.  Somewhat 
earlier  than  Faradav,  Georg  Simon 
Ohm  established  (l'827,  'Die  gal- 
vanische  Kette,  mathematisch 
bearbeitet')  the  proportionality  of 
the  quantity  of  electricity  passing 
through  a  circuit  with  the  electro- 
motive force  in  the  same  conductor, 
introduced  the  notion  of  electrical 
resistance,  and  showed  how  this 
varies  as  the  length  and  inversely  as 
the  thickness  of  the  same  conductor, 
and  is  different  in  different  con- 
ductors.    The  accuracy  of  Ohm's 


law,  though  elaborately  tested  by 
Fechner  and  confirmed  by  Pouillet, 
was  frequently  doubted  ;  in  France 
it  met  with  tardy  recognition,  and 
in  England  some  of  the  most  im- 
portant researches — such  as  those  of 
Faraday — were  carried  on  without 
reference  to  it.  In  the  first  edition 
of  Whe well's  History  it  is  not  men- 
tioned. When  the  second  edition 
was  published  (1847),  Ohm  had 
received  the  Copley  Medal  of 
the  Royal  Society  (1841),  and 
Wheatstone  had  besides  in  the  year 
1843  drawn  attention  to  the  clear 
definitions  which  Ohm  had  intro- 
duced. The  opinion  has  been  ex- 
pressed that  Ohm  found  his  law  by 
theoretical  considerations  based  on 
analogy  with  the  flow  of  heat  in 
conductors,  and  that  he  subse- 
quently proved  it  experimentally. 
The  pubhcation  of  Ohm's  collected 
papers  by  Lommel  ('Gesammelte 
Abhandlungen,'  Leipzig,  1892),  how- 
ever, disproves  this  opinion  ;  as  his 
experimental  measurements  had 
during  1825  and  1826 — not  without 
some  initial  mistakes — led  him  to 
the  well-known  expression  of  the 
relations  of  the  different  quantities 
(see  Lommel's  Introduction,  p.  vii). 
Whereas  in  Germany  it  was  a  pure- 
ly scientific  interest — that,  namely, 
of  subjecting  physical  phenomena 
to  mathematical  calculation — which 
induced  Ohm,  Gauss,  and  Weber 
to  devise  instruments  and  methods 
for  exact  measurement,  it  was  in 
England  mainly  the  practical  re- 
quirements of  telegraphy  which 
created  the  desire  for  clear  defini- 
tions and  exact  methods.  With 
these  requirements  in  view  Wheat- 
stone  invented  his  instruments  and 
drew  attention  to  the  definitions  of 
Ohm.    See  his  Bakerian  Lecture  for 


Bi 


366 


SCIENTIFIC   THOUGHT. 


THE   ASTRONOMICAL    VIEW   OF   NATURE.        367 


Yet  the  great  variety,  more  than  the  exact  measurement 
of  phenomena,  attracted  the  attention  of  natural  philoso- 
phers in  this  new  field.   And  when  through  Davy,Berzelius, 
and  Faraday  in  different  ways  the  importance  of  electric 
action  in  chemical  processes  became  established,  it  was 
natural  that  from  this  school  an  entirely  different  view  of 
electrical  and  magnetic  phenomena  should  emanate :   we 
may  term  it — in  opposition  to  the  astronomical — the  phys- 
ical view  of  phenomena.     This  view,  which,  as  the  astron- 
omical view  had  done,  found  later  on  its  expression  in  a 
mathematical  formula,  will  occupy  our  attention  in  a  sub- 
sequent chapter.     It  has  in  the  course  of  the  second  half 
of  the  century  very  largely  expelled  the  other  and  rival 
view  from  the  domain  of  molar  and  molecular  physics. 
But  the  astronomical  view,  with   its  largely  developed 
mathematical  apparatus,  was  not  easily  defeated :   it  was 
AmplJ;  and  ^^^^^  ^^^^  ^^  grapple  with  even  such  complicated  processes 
7^^\it     ^^  ^^®  discoveries  of  Oersted  and  Faraday  had  revealed, 
astronomi.  [  j^  ^hc  opiuiou  of  many  Continental  thinkers  it  won  its 
greatest  laurels  when,  under  the  treatment  of  Ampere  in 
France  and  of  Neumann  and  Weber  in  Germany,  the 
perplexing    interactions    of    magnets,    diamagnets,    and 


1843  ('Philos.  Transactions,'  1843, 
p.  303,  &c.)  :  "An  energetic  source 
of  light,  of  heat,  of  chemical  action, 
and  of  mechanical  power,  we  only 
require  to  know  the  conditions  un- 
der which  its  various  effects  may- 
be most  economically  and  ener- 
getically manifested  to  enable  us 
to  determine  whether  the  high  ex- 
pectations formed  in  many  quarters 
of  some  of  these  applications  are 
founded  on  reasonable  hope  or  on 
fallacious  conjecture. "  Forty  years 
later  Lord  Kelvin,  in  his  address 


"On  the  Electrical  Units  of  Meas- 
urement" (1883;  see  'Popular 
Lectures  and  Addresses,'  vol.  i.  p. 
76),  could  still  speak  of  the  com- 
paratively recent  date  at  which 
"anything  that  could  be  called 
electric  measurement  had  come  to 
be  regularly  practised  in  most  of  the 
scientific  laboratories  of  the  world," 
whereas  such  measurements  had 
then  been  for  many  years  "familiar 
to  the  electricians  of  the  submarine 
cable  factories  and  testing  sta- 
tions." 


electric  circuits — the  phenomena  of  electro-magnetism, 
diamagnetism,  and  induction — were  all  resolved  into 
elementary  processes  of  attraction  and  repulsion,  and 
summed  up  in  a  formula  which  looked  like  an  extension 
of  the  Kewtonian  gravitation  formula,  revealing  the 
mysterious  influence  of  molecular  forces.) 

"  Oersted  had  found  that  an  electric  current  acts  on  a 
magnetic  pole,  but  that  it  neither  attracts  it  nor  repels  it, 
but  causes  it  to  move  round  the  current.  He  expressed 
this  by  saying  that  the  electric  conflict  acts  in  a  revolving 
manner.  The  most  obvious  deduction  from  this  new  fact 
was,  that  the  action  of  the  current  on  the  magnet  is  not 
a  push-and-pull  force,  but  a  rotary  force,  and  accordingly 
many  minds  began  to  speculate  on  vortices  and  streams 
of  ether,  whirling  round  the  current.  But  Ampere,  by  a 
combination  of  mathematical  skill  and  experimental  in- 
genuity, first  proved  that  two  electric  currents  act  on  one 
another,  and  then  analysed  this  action  into  the  resultant 
of  a  system  of  push-and-pull  forces  between  the  elemen- 
tary parts  of  these  currents."  ^ 

Weber  in  Germany  took  up  the  work  where  Ampere 
had  left  it.^      One  of  his  objects  was  to  combine  the 


^  Clerk  Maxwell  "On  Action  at 
a  Distance"  ('Scientific  Papers,' 
vol.  ii.  p.  317). 

^  Weber's  interest  was  twofold. 
The  primary  object  was  to  put 
accurate  quantitative  data  in  the 
place  of  merely  qualitative  descrip- 
tions or  mere  estimates  of  pheno- 
inena.  He  had  then  already  pub- 
lished, together  with  his  brothers 
(see  supra,  p.  196,  note  3),  two 
works  in  which  in  a  similar  way 
exact  research  has  taken  the  place 
of  inexact  description.     The  first 


was  his  experimental  investigation 
of  wave-motion  ('Die  Wellenlehre 
auf  Experimente  gegriindet,'  1825), 
the  other  the  still  more  delicate  at- 
tempt to  treat  a  physiological  pheno- 
menon, the  mechanism  of  the  organs 
of  locomotion,  on  exact  mechanical 
principles  (1836).  This  rare  gift  of 
exactness,  invaluable  at  all  times, 
but  almost  unique  at  that  time  in 
Germany,  where  philosophical  vague- 
ness was  only  too  common,  attract- 
ed the  notice  of  Gauss,  who  brought 
Weber  to  Gottingen  in  1830  after 
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different  electric  phenomena— those  of  electricity  in  the 
state   of  rest,  called  statical  effects;    those  of   electric 
currents  on  each  other,  the  dynamical  results ;   and  those 
of  electric  conductors  in  a  state  of  motion,  the  pheno- 
mena  of  induction— in   one    general   and   fundamental 
formula  or  law.     He  had  before  him  Coulomb's  electro- 
static formula,  Ampere's  electro-dynamic  formula,  and  a 
more  general  one  established  by  Franz  Neumann,  which 
described  and   embraced  not  only   the  phenomena  dis- 
covered by  Oersted,  but  also  those  of  moving  conductors 
discovered  by  Faraday.     It  is  not  necessary  here  to  enter 
into  the  details  of  the  investigations,  experimental  and 
mathematical,  by  the  aid  of  which  Weber  succeeded  in 
establishing    his    very    remarkable    and    seemingly    all- 
embracing    formula.       Two    remarks,    however,    present 
themselves,  bearing  upon  the  history  of  thought  and  the 
value  of  precise  mathematical  expressions.      The  first  is, 
that  as  the  gravitation  formula  necessitated  a  series  of 
the  most  careful  definitions  and  measurements  of  physical 
quantities,  and  the  invention  of  accurate  instruments  and 
methods  of  measurement,  so  the  first  and  probably  the 
most  valuable  performances  of  Weber  were  his  ingenious 
apparatus,  and  the  careful  measurements  by  which  he 


the  death  of  Tobias  Mayer.  Gauss 
introduced  Weber  to  his  own  exact 
measurements  of  terrestrial  magnet- 
ism, and  from  hence  Weber's  own 
line  of  thought  led  through  the 
phenomena  of  magneto  -  induction 
(discovered  by  Faraday  in  1831) 
and  terrestrial  magneto  -  induction 
(1832)  to  electro  -  dynamics,  the 
science  which  Ampere  had  created 
in  the  years  1820  to  1823.  In  1846 
Weber  speaks  in  the  introduction 
to  the  *  Electro-dynamische  Maas- 


bestimmungen '  of  the  endeavour  to 
determine  natural  phenomena  ac- 
cording to  number  and  measure, 
expressing  surprise  that  this  has 
not  yet  been  done  in  electro- 
dynamics, and  then  proceeds  to  de- 
scribe his  "electro-dynamometer," 
an  instrument  used  by  him  for 
many  years.  With  this  instrument 
he  then,  further,  proceeds  to  con- 
firm Ampere's  formula  for  the  action 
at  a  distance  of  the  elements  of 
electric  currents. 
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fixed  the  elementary  conceptions  and  quantities  with 
which  he  operated.  All  his  researches  were  comprised 
under  the  very  significant  title  "  electro-dynamical  mea- 
surements." As  such  they  remain  a  great  monument 
of  ingenuity  and    unparalleled   accuracy.^     The  second 


^  Gauss  had,  some  years  before 
Weber  commenced  his  electrical  re- 
searches, introduced  the  idea  of  an 
absolute    measure    of    other   than 
mechanical   forces — i.e.,    following 
up  the  definition  of  force   in  the 
Newtonian  laws  of  motion,  that  it 
is  the  cause  which  brings  about  a 
change  of  motion,  he  suggested  that 
every  physical  force  can  be  measured 
by  the  velocity  it  imparts  to  a  mov- 
able body  of  measurable  mass,  the 
quantity  of  mass  being  in  the  same 
locality   measured   by   its  weight ; 
and  he  applied  this  to  the  measure- 
ment of  magnetic  forces.     In   ap- 
plying the  same  idea  to  the  measure- 
ment of  electric  currents,   Weber 
came  at  once  upon  the  circumstance 
that  the  forces  exerted  by  an  elec- 
tric current  can   be   measured   in 
two  ways— viz.,  by  the  action  they 
have    upon    magnets    or    by   that 
which  they  have  on  other  electric 
currents.     Now  by  a  familiar  con- 
ception,  electricians    look   upon   a 
current  of  electricity   as   measur- 
able by  the  quantity   of  electric- 
ity which  flows  through  a  section 
of  the  circuit  in  a  given  unit  of 
time,   this   quantity   of  electricity 
being  measurable  in  the  same  way 
as  Coulomb  measured  the  action 
at  a   distance  of    charged   bodies. 
Should    it    then     be    possible    to 
carry  out  this  latter  measurement 
of  an  electric  current,  a  comparison 
between  the  electro- magnetic  and 
the  known  electro-static   units   of 
electricity  would  become  possible. 
Faraday  had  already,  in  1833  and 
1834,  made  estimates  of  the  numer- 
ical   relation    of   the   quantity   of 
electricity  in  a  current,  measured 

VOL.  I. 


by  its  chemical  or  electro-magnetic 
efiects,  and  of  the  same  quantity  if 
produced  by  an  electrical  machine. 
These  estimates   were    more   than 
twenty  years  later,  in  1856,  reduced 
to  accurate  measurements  by  Weber 
and    Kohlrausch.     Through    these 
measurements,  which  confirmed  the 
enormous  numbers  which  are  re- 
vealed when  we  compare  electricity 
at  rest  and  electricity  in  motion, 
Weber  finished   the  series   of    ac- 
curate measurements,   reduced   to 
an  absolute  or  mechanical  standard, 
which  had  been  begun  by  Gauss  in 
1833.     It  was  soon   recognised  of 
what    practical    importance    these 
data  must  be  to  electricians.    Ac- 
cordingly the  British  Association  at 
their  meeting  at  Manchester  in  1861 
appointed  a  committee,  on  the  sug- 
gestion and  under  the  presidency 
of  Sir  William  Thomson,  called  the 
"British  Association  Committee  of 
Electrical  Standards."     "  This  com- 
mittee worked  for  nearly  ten  years 
through  the  whole  field  of  electro- 
magnetic and  electro-static  measure- 
ment, until  in  its  final  report,  pre- 
sented to  the   Exeter  meeting  in 
August  1869,  it  fairly  launched  the 
absolute  system  for  general   use" 
(Thomson,   *  Popular  Lectures  and 
Addresses,'  vol.  i.  p.  84).     In  recog- 
nition  of  Weber's  great  merit  in 
first  introducing  this  system  into 
electrical  science  and  practice,  the 
name  "Weber"  had  been  selected 
by  Latimer  Clark  for  the  unit  of 
current.     In  the  final  fixing  of  the 
units  in  Paris  in  1881  other  units 
than  those  previously  in  use  were 
adopted,  and  to  avoid  confusion  the 
names  were  somewhat  differently 
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point  I  wish  to  urge  is,  how  in  those  days  the  Newtonian 
formula  was  taken  as  the  great  model  of  a  law  of  nature, 
and  how  the  researches  of  Coulomb,  Poisson,  Ampere,  and 
Weber  stand  in  logical  connection  with  the  theory  of 
gravitation.  Let  us  see  what  Weber  himself  says  on  this 
subject:^   "After  the  general  laws  of  motion  had  fur- 


nished  a  foundation,  there  remained  in  physics  mainly  the 
investigation  of  the  laws  of  interaction  of  bodies;  for 
without  interaction  bodies  would  for  ever  remain  in  that 
state  of  rest  or  motion  in  which  they  happened  to  be. 


chosen.     This    explains    the    fact, 
deplored  by   Weber's  friends   and 
admirers,  that  his  name  has  dropt 
out  of  the  list  of  terms  now  adopted 
throughoutthe  civilised  world.  (See 
Wiedemann,      'Die      Electricitat,' 
Braunschweig,    1885,    vol.    iv.     p.* 
906,   &c.)     Recently    'Proi.    Lodge 
has  suggested  the  introduction  of 
the  names  of  Weber  and  Gauss  to 
denote  some  of  the  derived  units  in 
the  electrical  measurements.     See 
Brit.  Assoc.  Report,  1895,  p.  197  n. 
1  Weber's  theoretical  conception 
of  the  nature  of  electric  action  at  a 
distance  is  mixed  up  with  his  exact 
measurements  of  electrical  quanti- 
ties, though  these  can   be  stated 
without  making  use  of  his  theoreti- 
cal conceptions.     It  is  the  nature 
of  the  absolute  system  of  measure- 
ment  that   it   establishes    numeri- 
cal  relations   based   upon   a   small 
number   of    original   units   (space, 
time,  and  mass,  or  space  and  time 
alone,  see   note   to   p.   323   above) 
which   are   universally   intelligible. 
Whatever,  therefore,  the  theoretical 
views  may  be  which  led  the  investi- 
gation, in  the  end  these  are  elim- 
inated  in   the   system   of    original 
(primary)  and  derived  (secondary) 
units.     But  Weber's  theory  com- 
mands attention  for  its  own  sake 
as    the   furthest    stage    to    which 
the  gravitational  view  of  phenom- 
ena,   provisionally    introduced    by 
Newton,  has  been  pushed.     It  has 
been  extolled  and  condemned,  ac- 
cording to  the  favour  with  which 
the  purely  mathematical  treatment 
of  phenomena  has  been  received. 


In  the  school  of  Laplace  this  purely 
mathematical   treatment  quite  ob- 
scured all   other  views  which  did 
not  minister  to  it.     Thus  Laplace 
remained  to  the  end  an  adherent  of 
the  emission  or  corpuscular  theory 
of  light,  and  opposed  the  ideas  of 
Young  and  Fresnel,  who  developed 
the  dynamical  view.     In  order  to 
make  the  cosmical  view  of  nature 
useful  for  the  explanation  of  mole- 
cular phenomena,  two  distinct  and 
definite  conceptions,   contained   in 
the  gravitation  formula,  had  to  be 
modified  and  enlarged.     The  con- 
ception of  matter,  which  in  physical 
astronomy  is  limited  to  gravitational 
matter,  had  to  be  extended  so  as  to 
bring  into  calculation  what  was  then 
called  imponderable  matter,  such  as 
light,  heat,   and  electricity.     And  | 
the  law  of  gravitation,  which  defines 
the   purely  attractive  property  of 
ponderable  matter,  had  to  be  modi- 
fied so  as  to  embrace  also  the  repul- 
sive action  observable  in  a  certain 
class  of  phenomena.     Coulomb  had 
shown     that     ponderable     matter 
charged   with    electricity   followed 
the    same   formula    for    attraction 
and  repulsion  as  gravitating  bodies 
did  :   he  simply  adopted  the  two- 
fluid    theory    of    electric    matter. 
Poisson  developed  the  mathematics 
of  fluids,  actuated  by  repelling  forces 
depending  on  the  inverse  square  of 
the  distance.     Oersted  showed  the 
action  of  electric  currents  on  mag- 
nets ;     and    Ampere    showed    that 
magnets  can  in  their  action  be  sup- 
planted by  electric  currents.     La- 
place very  early  satisfied  himself  that 


these  actions  of  ponderable  matter, 
in  which  electricity  was  flowing, 
could  be  reduced  to  an  action  at  a 
distance  proportional  to  the  inverse 
square  of  the  elements  of  the  electric 
circuits.  When  Faraday  showed 
that  a  current  of  electricity  under 
certain  conditions  induced  in  con- 
ductors in  its  neighbourhood  other 
currents,  this  was  explained  by 
saying  that  the  electric  fluid  exerted 
not  only  pondero- motoric  but  also 
electro- motoric  action  at  a  distance. 
Not  only  did  electrified  matter  act 
on  other  electrified  matter,  but 
electricity  as  a  fluid  acted  on  elec- 
tricity itself.  Weber  adopted,  for 
the  purpose  of  putting  these  ap- 
parent actions  into  mathematical 
language,  and  for  finding  an  ele- 
mentary law  of  the  ultimate  par- 
ticles of  electric  matter  out  of 
which  by  summation  the  observ- 
able data  might  be  calculated,  the 
hypothesis  of  Fechner,  according  to 
which  in  an  electric  current  the 
two  electric  fluids  were  moving 
with  equal  velocity  in  opposite 
directions.  It  then  became  evident 
— looking  at  the  phenomena  dis- 
covered by  Oersted,  Ampere,  and 
Faraday — that  the  electro  -  static 
formula  of  Coulomb  required  to 
be  supplemented  by  an  additional 
term,  if  the  mutual  action  was  to 
be  determined  not  only  for  the  case 
of  equilibrium  and  rest,  but  also  for 
that  of  relative  motion.  The  ad- 
ditional term,  depending  on  this 
relative  motion,  had  to  be  found. 
(See  '  Electrodynamische  Maasbes- 
timmungen,'  vol.  i.  p.  102).  From 
this  starting-point,  and  with  this 
definite  problem  in  view,  Weber  un- 
dertook a  series  of  most  valuable 
measurements.    No  doubt  can  exist 


as  to  the  lasting  importance  of  these 
measuremen  ts.  Any  theoretical  con  - 
ception  which  produces  in  its  appli- 
cation  such  results   must    hold  a 
prominent  place  in  the  history  of 
scientific  thought.     And  the  very 
fact    that,    unlike    Boscovich    and 
other  purely  metaphysical  theorists, 
Weber  undertook  to  fix  by  experi- 
ment the  actual  constants  or  nu- 
merical  quantities   which    his    ab- 
stract   formula   contained,    led    to 
much  enlargement  of  actual  know- 
ledge.     I   will   mention    only   one 
of   the  most  interesting  points  in 
his  elaborate  researches.     I  stated 
above  that  it  took  a  whole  century 
after  the  discovery  of  the  law  of 
gravitation   before  the  gravitation 
constant  was  approximately  fixed, 
but  that  for  the  progress  of  phy- 
sical astronomy  this  was  of  little 
importance,    gravity   being  a  uni- 
versal   property    of    matter.     Still 
such  a  constant  exists,  because  we 
possess  another  definition  of  matter 
— viz.,  inertia  or  mass.     The  con- 
stant in  Coulomb's  law  cannot  be 
determined  in  a  similar  manner,  as 
the  property  of  attraction  or  repul- 
sion defines  for  us  ultimately  the 
numerical  quantity  of  electricity. 
We  have — so  far — no  other  ultimate 
absolute  measure  of  electricity.    But 
in  Weber's  law  it  was  the  quantities 
of  electrical  matter  which  acted  on 
each  other  not  only  according  to 
their  distances,  but  also  according 
to  their  relative   motion   or   their 
velocities.     A  second  constant  thus 
entered  into  his  formula,  and  this 
constant  established  a  relation  be- 
tween electricity  at  rest  and  elec- 
tricity  in   motion.     This   constant 
was  a  velocity,  and,  if  determinable, 
it  revealed  a  constant  of  nature  in 
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All  changes  of  these  states,  and  all  phenomena  depen- 
dent thereon,  are  therefore  consequences  of  these  inter- 
actions. But  bodies  exert  such  mutual  actions  when  in 
contact  as  well  as  from  a  distance,  and  it  was  evident 
that  a  beginning  had  to  be  made  with  the  latter  in 
order  to  gain  a  clue  for  the  investigation  of  the  former ; 
this  being  especially  needful  whenever  the  spatial  rela- 
tions of  bodies  escape  observation,  as  is  the  case  with 
bodies  which  are  in  contact.  And  so  it  has  really 
happened,  inasmuch  as  a  beginning  was  made  by  ex- 
amining the  mutual  action  of  cosmic  bodies — i.e.,  with 
the  phenomena  of  gravitation.  To  this  first  field  of 
research — viz.,  the  phenomena  of  gravitation — there  was 
then  added  the  investigation  of  electric  and  magnetic 
interactions,  as  next  to  gravitation  these  are  the  only 
actions  which  take  place  from  one  body  to  another  at 
measurable  distances, — these  actions  being  themselves 
measurable.  Now  for  a  long  time  Newton's  doctrine 
of  gravitation  furnished  the  leading  idea  for  nearly  all 
theories  of  electricity  and  magnetism,  till  a  new  clue 
was  gained  through  Oersted's  and  Ampere's  discoveries 


the  form  of  a  velocity.  It  had 
for  Weber  a  theoretical  as  well 
as  a  practical  meaning,  for  it  en- 
abled him  to  effect  a  connection 
between  the  electro-magnetic  and 
the  electro-static  or  absolute  system 
of  measurements.  When  he  suc- 
ceeded in  measuring  this  quantity, 
it  was  found  that  the  figure  for  the 
constant,  which  meant  a  velocity, 
was  practically  the  same  as  that  for 
the  velocity  of  the  propagation  of 
light.  Weber  himself  does  not  seem 
to  have  attached  any  physical  mean- 
ing to  this  coincidence  :  later  he  and 
Kirchhoff  remarked  that  under  cer- 


tain conditions  an  electrical  wave- 
motion  might  take  place  in  an 
electrical  conductor,  and  that  the 
velocity  of  the  propagation  of  this 
would  coincide  with  that  of  light 
(see  Kirchhoff  in  '  Annaleu  der  Phy- 
sik  uud  Chemie,'  1857;  and  Weber, 
'Electrodyn.  Maasbest.,'  1864).  It 
was  reserved  for  Clerk  Maxwell  to 
point  to  the  real  physical  interpre- 
tation of  Weber's  constant.  Of 
this  I  shall  speak  in  a  later  chapter 
(see  Maxwell's  memoir  '  On  Physical 
Lines  of  Force,'  1862,  reprinted  in 
*  Scientific  Papers,*  vol.  i. ) 


regarding  the  equivalence  of  closed  electrical  currents 
with  magnets.  This  led,  first,  to  the  reduction  of  all 
magnetic  effects  to  the  action  of  electrical  currents ;  and, 
secondly,  to  the  enunciation  of  a  fundamental  law  of  the 
interaction  of  two  elements  of  electricity  in  motion.  A 
third  leading  idea  was  that  of  reducing  the  interaction 
of  all  bodies  to  that  of  the  mutual  action  of  pairs  of 
bodies.  This  idea  could  in  general  be  considered  as 
well  established  and  confirmed  by  experience  on  a  large 
scale."  ^ 

This  leads  me  to  another  and  a  final  remark  on  the 
view  of  natural  phenomena,  first  introduced  by  New- 
ton's gravitation  formula,  which  has  been  so  success- 
ful in  the  calculation  of  all  the  movements  of  cosmic 
bodies,  and  which  in  the  eyes  of  such  a  great  authority 
as  Laplace  contained  the  clue  to  an  explanation  also  of 
molar  and  molecular  phenomena.^     This  view  calculates 


39. 
Necessity  of 
developing 
the  infini- 
tesimal 
methods. 


^  *  Electrodynamische     Maasbes- 
timmungen,'  1878,  p.  645. 

2  Although  Weber  followed  the 
lines  so  deeply  impressed  upon  the 
whole  of  Continental  thought  by 
the  labours  of  Laplace  and  his 
school,  it  does  not  seem  that  he 
held  the  same  exalted  opinion  of 
the  value  of  any  mathematical  for- 
mula as  ^  did  Laplace.  Though  he 
looked  upon  his  electro  -  dynamic 
law  as  well  established  by  experi- 
ment and  valuable  in  guiding 
further  research,  he  was  fully  im- 
pressed with  the  fact  that  all  such 
formulae  are  merely  provisional. 
Thus  he  says  in  the  first  part  of 
his  researches,  written  in  the  year 
1846:  "It  seems  to  follow  that 
the  immediate  interaction  of  two 
electrical  particles  does  not  depend 
upon  these  alone,  but  also  upon  the 
presence  of  third  bodies.  ...  It  is 


conceivable  that  the  forces  com- 
prised in  the  discovered  funda- 
mental law  may  be  partly  the 
forces  which  two  electrical  particles 
exert  indirectly  on  each  other,  and 
which  therefore  depend  on  the  in- 
tervening medium.  .  .  .  The  general 
law  for  the  determination  of  the 
acting  forces  might  perhaps  be  yet 
more  simply  expressed  by  taking 
the  intervening  medium  into  ac- 
count, than  has  been  possible 
without  it  in  the  fundamental 
law  now  established.  The  explora- 
tion of  the  intervening  medium, 
which  might  afford  an  insight  into 
many  other  matters,  can  alone  give 
an  answer  to  this  question.  ...  A 
hope  now  exists  that  it  will  be 
possible,  in  several  new  ways,  to 
gain  some  information  as  to  the 
neutral  electric  fluid  which  per- 
vades    everything.      Perhaps     in 
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the  actions  of  large  masses  and  complicated  systems  of 
bodies  by  a  process  of  summation  from  the  interaction  of 
units  placed  in  the  simplest  relation — that  of  two  and 
two,  pushing  or  pulling  each  other  in  a  straight  line. 
Now,  in  consequence  of  the  great  distances  at  which  we 
are  placed  from  the  heavenly  bodies,  these  appear  to  us 
as  mere  points,  and  the  observation  of  their  movements, 
their  orbits,  and  their  periods  enabled  astronomers  like 
Kepler,  and  mathematicians  like  Xewton,  to  gain  by  mere 
observation  and  subsequent  calculation  an  idea  of  the 
elementary  rule  which  masses,  considered  to  be  concen- 
trated in  points,  follow  in  their  motion  in  a  connected 
system.  The  next  step  was  to  see  how  these  elementary 
actions  would  add  up  in  cases  where  the  dimensions  of 
the  moving  bodies  were  not  vanishingly  small  in  com- 
parison with  their  distances.  The  infinitesimal  methods, 
invented  in  the  age  of  Newton,  and  developed  by  him 
and  others  into  a  special  calculus,  came  to  the  aid  of 
mathematicians,  and  enabled  them  to  calculate  from 
elementary  data  the  motions  and  phenomena  of  extended 
bodies  and  systems  of  bodies.  These  could  afterwards 
be  actually  measured,  thereby  confirming  the  elementary 
formulae  and  assumptions  which  had  formed  the  basis  of 
those   calculations.     As   already  remarked,  this   process 


other  bodies,  which  are  not  con- 
ductors, there  exist,  not  currents, 
but  only  vibrations,  which  may  in 
future  be  observed  by  the  methods 
indicated  above.  Further,  I  need 
only  point  to  Faraday's  recent  dis- 
covery of  the  influence  of  electric 
currents  on  the  vibrations  of  light, 
which  makes  it  probable  that  the 
all-prevadiug  neutral  electric  medi- 
um itself  constitutes  the  all-prevad- 


ing  ether  which  contains  and  pro- 
pagates luminous  vibrations,  or  at 
least  that  the  two  are  so  intimately 
connected  that  the  observation  of 
luminous  vibrations  may  aflford  some 
information  regarding  the  proper- 
ties of  the  neutral  electric  medium." 
He  then  refers  to  Ampere's  own 
suggestion  in  this  direction.  ('Elec- 
trodynamischeMaasbestimmungen,'^ 
Parti.,  p.  169.) 


40. 

TheNew'ton- 


of  confiriliation  occupied  a  long  period,  during  which  it 
became  more  and  more  satisfactory  and  complete.  In 
fact,  so  great  has  the  coincidence  of  calculation  with 
observation  turned  out  to  be,  in  all  problems  of  physical 
astronomy,  that  no  astronomer  at  the  end  of  this  century 
doubts  that  the  gravitation  formula  alone  will  suffice  to  ian  formula 

o  the  basis  of 

explain  all  anomalies  which  still  exist  in  great  number  ^^tronomy. 
in  the  movements  of  cosmic  bodies — such,  for  instance, 
as  the  moon./ 

Moreover,  in  the  whole  wide  range  of  physical  and 
chemical,  not  to  speak  of  other  natural  phenomena,  there 
is  probably  no  instance  of  a  simple  mathematical  rela- 
tion having  been  applied  to  so  large  a  field  of  facts, 
found  so  trustworthy  a  guide,  and  been  so  unfailingly 
verified. 

And  yet  the  very  extent  of  this  field  must  not  blind 
us  to  the  fact  that  for  the  explanation  of  molecular^ 


^  This  is  indeed  not  to  be  won- 
dered at  when  we  consider  that  in 
all  molecular  and  molar  phenomena 
such  a  variety  of  elements  and  forces 
come  into  play  that  it  is  impossible 
to  isolate  any  special  quantities  as 
we  do  when  from  the  cosmic  point 
of  view  we  lose  sight  of  everything 
except  mass,  time,  and  distance — 
i.e.,  the  elementary  factors  of  our 
system  of  measurement.  In  the 
phenomena  of  electricity,  for  in- 
stance, it  is  merely  bj'  a  process  of 
mental  abstraction,  which  has  no 
counterpart  in  the  observable  phe- 
nomena, that  we  speak  of  electrical 
masses,  be  they  one  or  two ;  of 
fluids ;  of  elements  of  currents, 
which  in  nature  cannot  exist  alone  ; 
of  velocities  of  a  something  which 
as  yet  cannot  be  clearly  defined. 
Any  mathematical  formula  can 
under  such   conditions   be   merely 


/ 
tentative,  and  the  preciseness  of  it 
must  not  hide  from  us  the  fact  that 
it  is  based  upon  hypothetical  rela- 
tions and  artificial  definitions.  This 
was,  for  the  gain  of  scientific 
thought,  very  clearly  brought  out 
in  the  theoretical  discussions  which 
followed  upon  Helmholtz's  critical 
examination  of  Weber's  and  kindred 
formulae,  and  is  well  expressed  by 
Carl  Neumann:  "Electrical  mat- 
ters"— if  such  there  be — "never 
exists  alone,  but  only  in  combina- 
tion with  ponderable  matter."  Any 
law  like  that  of  Weber  can  there- 
fore be  merely  a  "  particular,"  not 
a  "fundamental"  or  "universal" 
law,  for  it  refers  merely  to  a  small 
portion  of  the  properties,  forces, 
and  relations  of  electric  and  pon- 
derable matter,  leaving  others — as,, 
for  instance,  those  between  electric- 
ity and  heat,  electricity  and  light. 
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phenomena,  or  even  for  such  processes  as  happen  con- 
tinually under  our  eyes  and  our  hands,  this  universal 
law  of  gravitation  has  practically  done  nothing.  The 
action  of  gravitation  alone  between  masses  which  we 
can  manipulate  directly  is  so  weak  that  it  takes  the  very 
finest  instruments  to  detect  it  at  all,  and  ac  molecular 
distances  it  is  so  immeasurably  small  that  it  is  hardly 
conceivable  how  it  can  explain  the  existence  of  those 
enormous  forces  with  which  we  here  have  to  deal.^     If 


&c. — more  or  less  in  the  dark  (see 
•  Mathematische  Annalen,'  vol.  xi. 
p.  323).    From  a  philosophical  point 
of  view  these  discussions,  in  which 
many    other    eminent    leaders    of 
scientific    thought    took    part,   are 
of  great  interest  and  importance, 
as   they   bear   upon    the   value   of 
mathematical  formulae  in  physical 
research,    upon    the    definition    of 
laws  of  nature,  the  extent  of  their 
applicability,  the  correct  lines  of  fut- 
ure research,  the  use  of  analogies  in 
the  formation  of  physical  theories, 
&c.     I  therefore  refer  here  to  the 
literature    of    the    subject:    Tait, 
'  Sketch  of  Thermodynamics '  (1868, 
pp.    57,    76);   Thomson   and   Tait, 
'Natural  Philosophy'  (1st  ed.,  p. 
311);    Carl  Neumann,    'Die  Prin- 
cipien  der  Electrodynamik '  (Tiib- 
ingen,  1868) ;  Helmholtz  in  various 
memoirs   from    1872    onwards,   all 
collected  in  *  Wissenschaftliche  Ab- 
handlungen'  (vol.  i.  pp.  545,  636, 
774,    &c.)   and  in   *  Vortriige    und 
Reden  '  (vol.  ii.  Faraday  Lecture) ; 
Carl     Neumann,     '  Mathematische 
Annalen'   (vol.    xi.    p.    318).     See 
also  Riecke  on   *  Wilhelm  Weber' 
(Gcittingen,  1892),  and  Clerk  Max- 
well,  'Electricity  and  Magnetism,' 
(vol.  ii.  last  chapter) ;  ♦  Elementary 
Treatise  on  Electricity  '  (p.  51). 

^  An  interesting  speculation  as  to 
whether  the  Newtonian  formula  of 
gravitation  is  capable  of  explaining 


cohesion    and    capillary   attraction 
will  be  found  in  Thomson's  (Lord 
Kelvin's)  paper  to  the  Royal  Society 
of  Edinburgh  (1862),  and  in  his  lec- 
ture before  the  Royal   Institution 
(1866),  on  Capillary  Attraction,  both 
reprinted   in    the   first   volume    of 
'  Popular  Lectures  and  Addresses.' 
He  there  shows  that  if  we  combine 
Newton's  law  with  the  assumption 
of  an  ultimate  heterogeneousness  of 
matter, — as  is  demanded  in  the  so- 
called  atomic  theory  used  in  chem- 
istry,—the  mass  of  ultimate  por- 
tions of  matter  at  vanishing  dis- 
tances, or  what  is  called  in  contact, 
may  give  rise  to  molecular  forces  of 
attraction  of  any  magnitude ;  since 
the  Newtonian  attraction  depends 
on  two  data — the  distance  and  the 
density  (or  mass)  of  attracting  par- 
ticles.   He  concludes  by  saying  that 
"it  is  satisfactory  to  find  that,  so 
far  as   cohesion   is   concerned,    no 
other  force  than  that  of  gravitation 
need  be  assumed"  (p.  63).     It  does 
not  seem  that  this  view,  which  was 
also  held  by  Sir  John  Herschel,  is 
generally  adopted  by  physicists  (see 
Todhunter  and  Pearson,  'History 
of  the  Theory  of  Elasticity,'  vol.  i. 
p.  418,  &c. ;  vol.  ii.  art.  1650).    An- 
other interesting  speculation  arose 
out  of  the  discussion  over  Weber's 
law.     One  of  the  objections  started 
by  Helmholtz  against  Weber's  law 
was  that,  under  certain  conditions, 
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for  the  purpose  of  discovering  the  forces  which  exist  in 
the  universe  between  cosmic  bodies  we  had  been  con- 
fined to  experiments  in  the  laboratory,  as  we  are  in  all 
other  departments  of  physics  and  chemistry,  it  is  very       4i. 
doubtful  whether  this  universal  law  of  gravitation  would  Jan  formuiJ* 

,  .  ^  unique  as  to 

ever  have   been  discovered.     And  yet  it  stands  there  as  universality 

•z  ana  accur- 

almost   the   only  formula  universally   applicable   to  all  ^''^* 
matter  throughout  the  visible  and  tangible  imiverse. 

In  the  foregoing  pages  I  have  sometimes  spoken  of  this 
great  discovery  of  Newton,  on  which  is  based  the  astron- 
omical view  of  nature,  as  a  formula,  sometimes  as  a  law. 
A  formula  is  merely  the  expression  in  definite  terms  of 
certain  relations  of  measurable  quantities.  By  a  law 
we  are  apt  to  understand  something  more — viz.,  the 
statement  of  some  fundamental,  all-pervading  property 
of  the  things  of  nature,  which,  so  far  as  we  are  con- 
cerned, is  final.^     Whether  the  human  mind  is  at  all 


this  expression  would  give  an  in- 
finite value  for  the  force  between 
electrical  particles  in  motion. 
Weber  replied  that  the  same  argu- 
ment could  be  used  against  the 
gravitation  formula,  and  hinted  at 
the  possibility  that  a  correction 
might  have  to  be  added  to  the  New- 
tonian formula  to  make  it  appli- 
cable to  molecular  distances  ( '  Elec- 
trodyn.  Maasb.,'  1871,  p.  60).  This 
idea  was  taken  up  by  several  Con- 
tinental mathematicians  (see  Isen- 
krahe, '  Das  Riithsel  von  der  Schwer- 
kraft,'  p.  33,  &c.  ;  Paul  du  Bois- 
Reymond,  'Ueber  die  Grundlagen 
der  Erkenntniss,'  p.  50  ;  Tisserand, 
'Comptes  Rendus,' September  1872). 
^  Helmholtz  says,  referring  to 
Weber's  so-called  law:  "If  we 
are  to  consider  Weber's  law  as  an 
elementary  law,  as  an  expression 
of  the  ultimate  cause  of  the  phe- 


nomena to  which  it  refers,  and  not 
merely  as  an  approximately  correct 
expression  of  facts  within  narrow 
limits,  then  we  must  demand  that, 
if  applied  to  objects  of  the  largest 
imaginable  dimensions,  it  should 
give  results  which  are  physically 
possible"  (1873,  'Wissenschaftliche 
Abhandlungen,'  vol.  i.  p.  658).  This 
sentence  raises  a  philosophical  ques- 
tion as  to  the  demands  which  we 
can  legitimately  expect  to  be  satis- 
fied by  any  so-called  law  of  nature 
expressible  in  the  symbols  of  hu- 
man thought,  be  these  words  or 
algebraic  signs.  I  venture  to  think 
that  nowadays,  and  largely  in  con- 
sequence of  discussions  similar  to 
those  carried  on  over  Weber's  law, 
physicists  do  not  any  longer  expect 
to  find  laws  of  that  general  and 
fundamental  character  which  the 
words  given  above  describe. 
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42. 

Is  the  New- 
tonian for- 
mula an 
ultimate 
law? 


43. 
Laplace's 
opinion. 


capable  of  finding  out  the  ultimate  properties  of  things, 
is  a  question  which  has  been  answered  in  opposite 
ways.  But  whatever  the  answer  may  be  to  this  philo- 
sophical question,  the  further  and  more  modest  ques- 
tion can  be  raised,  Does  the  gravitation  formula  express 
one  of  those  universal  facts  which  we  have  to  accept 
as  final,  beyond  or  behind  which  we  cannot  penetrate  ? 
Opposite  answers  have  been  given  to  this  question.  But 
it  stands  very  much  in  the  same  position  in  which 
Laplace  left  it  when  he  said :  ^  "  The  extreme  difficulty 
of  the  problem  referring  to  the  system  of  the  universe 
obliges  us  to  have  recourse  to  approximations,  which 
leave  room  for  the  fear  that  the  neglected  quantities 
may  have  a  sensible  influence  on  the  results.  As  soon 
as  mathematicians  by  observation  became  aware  of  this 
influence  they  returned  to  their  analysis :  by  rectifying 
the  same  they  have  always  found  the  cause  of  the  ob- 
served anomalies ;  they  have  determined  the  laws  of 
these,  and  frequently  they  have  outrun  observation  by 
discovering  irregularities  which  had  not  yet  been  ob- 
served. The  lunar  theory,  the  theory  of  Saturn,  of 
Jupiter  and  his  satellites,  offer  many  examples  of  this 
kind.^  Thus  we  may  say  that  nature  herself  has  helped 
in  perfecting  the  astronomical  theories  founded  upon  the 


^  Exposition  du  Systeme  du 
Monde,'  6th  ed.,  p.  318. 

'^  Tisserand,  in  discussing  the  diffi- 
culties which  still  beset  the  lunar 
theory,  and  after  referring  to  the 
"prix  Damoiseau "  offered  by  the 
Academy  of  Sciences  for  an  essay 
on  this  subject,  says  ( '  Bulletin 
astronomique,'  1891,  vol.  viii.  p. 
501):   "La   th^orie  de  la  lune  se 


trouve  arret^e  par  la  difficult^  que 
nous  venons  de  d^velopper ;  dejh, 
k  r^poque  de  Clairaut  la  gravita- 
tion universelle  paraissait  impuis- 
saute  a  expliquer  le  mouvement 
du  perigee;  elle  triomphera  encore 
du  nouvel  obstacle  qui  se  presente 
aujourd'hui,  mais  il  reste  k  faire  una 
belle  d^couverte." 


principle  of  universal  gravitation.  This  is,  in  my  opinion, 
one  of  the  greatest  proofs  of  the  truth  of  this  admirable 
principle.  As  to  this  principle,  is  it  a  primordial  law 
of  nature  ?  Is  it  only  a  general  effect  of  an  unknown 
cause  ?  Here  the  ignorance  in  which  we  are  as  to  the 
ultimate  properties  of  matter  stops  us,  and  removes  all 
hope  that  we  shall  ever  be  able  to  answer  these  questions 
in  a  satisfactory  manner." 

In  the  meantime,  as  I  have  tried  to  show,  the  clue 
afforded  by  this  principle  has  led  physicists  by  strict 
analysis,  by  observation,  by  cleverly  arranged  experi- 
ments as  well  as  by  guesses  drawn  from  analogy,  to  the 
discovery  of  many  unknown  phenomena,  to  the  fixing  in 
mathematical  language  of  interesting  relations,  and  in 
general  to  a  large  extension  of  the  field  of  natural  know- 
ledge. No  wonder  that  a  principle  which  has  done,  and 
is  still  doing,  such  valuable  service  in  physical  astronomy 
should  have  done  much  to  establish  the  astronomical 
view  of  nature.^  As  one  of  the  latest  representatives  of 
physical  science  abroad  has  said,  "  The  present  generation 


^  This  view  was  concisely  put  by 
J  Poisson  at  a  time  when  the  corpus- 
,^  cular  theory  of  the  imponderables 
(  —light,  heat,  and  electricity — still 
reigned  supreme  in  the  Continental 
school:  "Toutes  les  parties  de  la 
matiere  sont  soumises  a  deux  sortes 
d'actions  mutuelles.  L'une  est  at- 
tractive, independante  de  la  nature 
des  corps,  proportionnelledu  produit 
des  masses,  et  en  raison  inverse  du 
carre  des  distances:  elle  s'etend 
indefiniment  dans  I'espace,  et  pro- 
duit la  pesauteur  universelle  et 
tous  les  phenomenes  d'equilibre  et 
du  mouvement  qui  sont  du  ressort 
de  la  m^anique  cdleste.     L'autre 


est  attractive  et  repulsive ;  elle 
depend  de  la  nature  des  particules 
et  de  leur  quantite  de  chaleur ; 
son  intensite  decroit  tres  rapide- 
ment  quand  la  distance  augmente, 
et  devient  insensible,  dds  que  la 
distance  a  acquis  une,  grandeur 
sensible  "  ('  Journal  de  I'Ecole  poly- 
technique,'  cahier  xx,  p.  4,  1831). 
See  also  Clerk  Maxwell,  '  On  the 
Equilibrium  of  Elastic  Solids '  (1850, 
reprinted  in  *  Scientific  Papers,'  vol. 
i.  p.  30),  where  a  similar  assumption 
is  stated  as  the  basis  of  the  mathe- 
matical theories  of  Navier,  Poisson, 
Lame,  and  Clapeyron. 
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is  still  more  or  less  accustomed  to  think  in  the  manner  of 
Newton's  view  of  nature,  in  which  the  supposition  of 
forces  acting  at  a  distance  appears  as  the  most  simple 
view:  we  feel  it  difficult  to  step  out  of  this  circle  of 
ideas."  ^     Nevertheless,  the  country  itself  which  produced 


1  Kundt,  *  Die  neuere  Entwick- 
lung  der  Electric! tiitslehre '  (Berlin, 
1891,  p.  35).     This  habit  is  prob- 
ably more  marked  on  the  Continent 
than  in  England.     In  this  country 
the  later  developments  of  Laplace's 
astronomical  view  of  nature  have 
remained  unknown  except  to  a  few 
scientific  specialists.   Through  Fara- 
day's influence,  and  in  consequence 
of    the    backwardness    which    the 
English  school  of  science  exhibited 
early  in  the  century  in  a.ssimilating 
Continental  ideas  (see  p.  232,  note), 
theoretical  views  on  electricity  as 
well  as  on  other  forms  of  energy 
were  formed  and  taught  more  in 
conformity  with  experimental  ob- 
servation.    I   am    not   aware   that 
Weber's  theory  was  expounded  in 
any  English  text-book  or  handbook 
before  Maxwell  referred  to  it  as  the 
view  to  which  Faraday  and  he  him- 
self  were    opposed.     In    fact,    the 
astronomical     view     of     molecular 
physics  is  almost  entirely  of  foreign 
growth.     In  England  "  action  at  a 
distance"  is  now  stigmatised  as  a 
pernicious  heresy  (Tait,  *  Properties 
of  Matter,'  2nd  ed.,  1890,  Introduc- 
tion) or  as  unthinkable  (0.  Lodge, 
'Modem     Views    of     Electricity,' 
1892,  p.  386,  &c.)     Abroad  weighty 
authoiities  have  pronounced  against 
the  astronomical  view  of  nature  as 
final  or  even  helpful  in  the  present 
stage    of    physical    and    chemical 
science.       Helmholtz,      who     was 
trained    in    it,    gradually   emanci- 
pated himself,  probably  under  the 
influence  of  physiological  studies  ; 
so  did  Kirchhoff,  who  in  his  lectures 
on   Electricity  (edited  by  Planck, 
1891)  hardly  mentions  Weber's  law. 


though  he  had  previously,  in  1857, 
based    an    elaborate   and   valuable 
investigation  upon  it  (*  Ueber  die 
Bewegung  der  Electricitat  in  Drah- 
ten,'  '  Gesammelte  Abhandlungen,' 
p.  131,  &c.)     Still  more  marked  is 
the  aversion    to    the   attitude    or 
habit  of  thought  which  belongs  to 
the  astronomical  view  of  nature  on 
the  part  oi  those  who  approached 
physical  problems  from  the  side  of 
chemistry.       Hittorf     (quoted     by 
Lehmann, '  Molecularphysik,'  vol.  ii. 
p.  456)  explains  the  opposition  of 
Berzelius  to  Faraday's  electrolytic 
law  and  to  his  other  results  from 
the  fact  that  they  stood  in  direct 
opposition  to  that  view  "  which  at 
the  end  of   the   last  century  had 
been    introduced    into     chemistry 
through  the   success  of  Newton's 
law  in  astronomy,  and  under  the 
influence   of  Laplace  on  I^avoisier 
and  Berthollet,"  and  sees  the  im- 
portance    of     his     own     laborious 
researches    in    the    demonstration 
"that    the     mysterious     potential 
energy  cannot  in  the  case  of  un- 
combined   chemical   substances   be 
explained  by  the  work  of  attractive 
forces,"  and  "that  a  confession  of 
ignorance  in  such  matters  is  more 
conducive  to  progress  than  the  as- 
sertion that  every  process  in  nature 
is  essentially  a  phenomenon  of  at- 
traction in  the  Newtonian  sense." 
Of  Ostwald's  endeavours  to  liberate 
theoretical  views  in  chemistry  from 
the  tyranny  of  the  older  hypotheses 
I  shall  have  frequent  occasion  to 
speak.     His  discourse  '  Die  Energie 
und    ihre    Wandlungen '    (Leipzig, 
1888)    contains    an    expression    of 
opinion  similar  to  those  quoted  here. 
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the  author  of  this  the  astronomical  view  of  nature  has       a. 

Opposition 

also  been  the  birthplace  of  a  different  manner  of  regard-  to  the  astro- 


nomical 


ing  physical  phenomena.  It  will  be  the  object  of  a  future  J^atur? 
chapter  to  trace  the  origin  and  growth  of  what  I  propose 
to  call  the  physical  view  of  nature.  We  shall  then  learn 
how  the  germs  of  this  different  view  can  be  traced  even 
in  the  writings  of  Newton.  But  before  I  take  up  this 
subject  I  must  deal  with  another  and  independent  way 
of  regarding  nature  which  very  largely  supplemented  the 
astronomical  view.  If  the  Newtonian  gravitation  formula 
is  the  basis  and  principle  of  physical  astronomy — of  our 
knowledge  of  cosmic  phenomena — the  view  I  am  now 
going  to  explain  has  been  equally  useful  in  building  up 
another  most  important  science  of  modem  times — the 
science  of  chemistry. 
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1.  / 

Recapitula- 
tion. 


CHAPTER  V. 

THE  ATOMIC  VIEW  OF  NATURE. 

In  the  last  chapter  I  have  shown  how,  under  the  influence 
of  the  Newtonian  philosophy,  the  ancient  but  indefinite 
ideas  of  Attraction  and  Eepulsion  acquired  a  definite 
meaning,  and  how— at  least  so  far  as  cosmical  phenom- 
ena are  concerned— the  Newtonian  Gravitation  formula 
was  made  the  foundation  of  very  successful  explanations  ^ 


I  use  the  word  explanation  in 
conformity  with  the  popularly  ac- 
cepted meaning  of  the  term.     It  is, 
however,  well  to  remark  here  that,  in 
the  course  of  our  century  and  greatly 
owing  to  the  influence  of  the  exact 
scientific  spirit,  a  change  is  being 
gradually  introduced  into  language, 
which  will  assist  in  conveying  more 
correct  views  as  to  the  objects  of 
science.     In    England    the    meta- 
physical interest  has  been  so  long 
banished  from  scientific  literature, 
the  part  also  which  experiment  and 
observation  have  played  has  been 
80  great,  that  misunderstandings  as 
to  the  real  objects  of  science  have 
been    less    frequent    than    abroad, 
especially  in   Germany,  where  the 
metaphysical    or    philosophical   in- 
terest still  largely  pervades  scien- 
tific literature,  though  metaphysics 
themselves  may  be  on  the  decline. 
There  the  definition  of  the  science 


of    mechanics   (now    more   usually 
termed  dynamics  in  this  country), 
given  by  KirchhoflFin  his  '  Vorlesun-"7 
gen   uber   mathematische   Physik '    i 
(vol.  i.  p.  1),  has  marked  quite  an    h 
epoch  in  the  philosophy  of  the  ex- 
act sciences.     This  definition  is  as 
follows  :  '  ♦  Mechanics  is  the  science 
of  motion  ;    we  can   assign   as  its 
object :  to  describe  completely  and 
in  the  simplest  manner  the  motions 
which    occur    in    nature."      Inas- 
much as  a  large  school  of  natural 
philosophers  consider  that  it  is  the 
object  of  all  exact  sciences  to  give 
a  mechanical  explanation  of  natural 
phenomena,   it   would   follow   that 
the  object  of  all  science  is  to  re- 
duce the  phenomena  of  nature  to 
forms  of  motion,   and  to  describe 
these  completely  and  in  the  simplest 
manner.     We   may   feel   some   re- 
luctance  in   assenting  at   once   to 
this  definition.     Still  an  analysis  of 


of  nature.  Towards  the  end  of  the  last  century,  and  all 
through  the  present  one,  this  view  of  things  natural,  which 
I  have  called  the  Astronomical  view,  has  exerted  a  great 
fascination  over  scientific  minds :  especially  in  the  mathe- 
matical schools  of  France  and  the  Continent  it  has  been 
a  leading  idea  in  scientific  thought.  It  has  been  ex- 
tended into  molar  and  molecular  physics,  and  has  in 
these  led  to  some  very  extraordinary  and  ingenious 
theories.  In  England,  this  astronomical  view  of  Nature 
has,  in  the  course  of  the  present  century,  been  received 


what  has  been  done  since  Newton 
in  real  science  will  probably  con- 
vince us  that  the  definition  is  safe 
and  sufficient.     It  means  the  an- 
alysis   of   phenomena    as  to   their 
appearance  in  space  and   their  se- 
quence in  time.     Both  can,  in  con- 
sequence of  the  small  number  of 
elementary     relations     on     which 
arithmetic,  geometry,  and  dynam- 
ics  are   built   up,   be   reduced    to 
— or   described   in — a  small   num- 
ber of  elementary  terms  or  concep- 
tions, the  alphabet  of  all  science. 
To  show  how  in  every  instance  the 
terms  of  this  alphabet  are  to  be  put 
together,  in  order  to  correspond  to 
any  phenomenon,  is  all  the  explana- 
tion we  can  give.     Objections  have 
been  raised  to  Kirchhoff's  definition 
by  Du  Bois-Reymond  ("  Gothe  und 
kein    Ende,"   in    'Reden,'    vol.    i. 
p.   434),  inasmuch   as   it   does  not 
define  the  difference  between   the 
descriptive  (historical)  and  the  ex- 
act (mathematical)  sciences  of  na- 
ture ;   but  the  difference  is  really 
maintained  if  we  demand  a  com- 
plete description.     Natural  history 
only  affords  an  incomplete  descrip- 
tion.    The  only  complete  descrip- 
tion is  that  afforded  by  a  mathe- 
matical formula  in  which  the  con- 
stants are  supplied  by  observation. 
This  permits  us  to  calculate  those 


features   or  phases   of  phenomena 
which  are  hidden  from  our  obser- 
vation  in   space   or  in   time.     An 
objection  to  the  view  which  identi- 
fies physics  with  mechanics,  seems 
implied    in    Mach's    remarks    con- 
tained in  the   last  chapter  of   his 
very    thoughtful    book    'Die    Me- 
chanik     in     ihrer     Entwickelung ' 
(Leipzig,  1889).     According  to  his 
view,   the  aim  of  exact  science  is 
not  necessarily  to  give  mechanical 
explanations  or  descriptions  of  phe- 
nomena, inasmuch  as  temperature, 
electric  potential,  &c.,  are  just  as 
simple  elements  of  natural  phenom- 
ena as  mass  and  motion.     It  seems, 
nevertheless,    that   exact   measure- 
ments   are    only    possible    in    the 
data  of   time  and  space.     Assum- 
ing   that   a   complete    and   simple 
description — admitting   of  calcula- 
tion— is  the  aim  of  all  exact  science, 
it  is  evident  how  much  and  how 
little  we  may  expect  from  science. 
We  shall  not  expect   to  find   the 
ultimate     and    final     causes,    and 
science  will  not  teach  us  to  under- 
stand nature  and  life.     The  search 
after  ultimate  causes  may  perhaps 
be    given    up    as    hopeless ;    that 
after  the  meaning  and  significance 
of  the  things  of  life  will  never  be 
abandoned  :  it  is  the  philosophical 
or  religious  problem. 
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with    less    favour,    although   it   was    entirely   owing    to 
Newton's  gravitation  formula  that  it  ever  obtained  its 
gi^eat  influence,  the  labour  of  Continental  men  of  science 
being  very  largely  spent  in  two  directions :  first,  in  draw- 
mg  the  purely  mathematical  consequences  of  Newton's 
formula— in  this  they  have  met  with  increasing  success, 
unparalleled  by  that  in  any  other  domain   of  science;' 
and  secondly,  in  extending  the  principle  of  Newton,  by 
experiment  and  analogy,  into  other  departments.     In  some 
of  these,  very  remarkable  results  have  been  achieved  ;  but 
nevertheless  at  the  end  of  the  century  no  extension  or 
analogue  of  the  Newtonian  gravitation  formula  has  been 
generally  accepted,  and  it  still  stands   there  as  almost 
the   only  firmly  established  mathematical   relation,  ex- 
pressive of  a  property  of  all  matter,  to  which  the' pro- 
gress of  more  than  two   centuries   has   added   nothing, 
from   which   it   has    taken    nothing    away.     The   value,' 
however,  of  all  those  partial  attempts  in  another  direc- 
tion has  been  enormous ;  for  with  the  aim  of  applying, 
extending,   or  modifying   a   rigorous    mathematical   for-' 
mula,  those  philosophers  have  carried  out  a   series  of 
the  most  exact  observations  and  measurements  of  physi- 
cal quantities,  very  greatly  extended  our  knowledge  of 
natural    phenomena    and    their    mutual    relations,    and 
founded   that  general   system   of  physical  measurement 
which  IS  now  universally  adopted.     The  names  of  Gauss 
and  Weber   stand   out  prominently  as   leaders   in   this 
work.     I  shaU   have  to  come  back  to  this  point  later 
on,  after   I   have    shown    that    other    views    of   nature 
besides   the  astronomical  have  also   led   up   to  it,  and 
placed  it  in  similar  prominence. 
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Atomic 


About  a  century  after  the  publication  of  the  '  Principia/ 
which,  by  propounding  the  gravitation  formula,  raised  the 
ancient  and  indefinite  notion  of  Attraction  to  the  rank  of 
a  useful  and  rigorously  defined  expression,  another  favour- 
ite theory  of  the  ancient  philosophers  ^  was  similarly  ele- 
vated to  the  rank  of  a  leading  and  useful  scientific  idea. 

Although  no  mathematical  relation  equal  in  value  and 
definiteness  to  the  gravitation  formula  marks  the  intro-  tS^! 
duction  of  the  Atomic  theory  in  Chemistry,  it  never- 
theless owes  its  success  to  similar  qualities — m.,  to  the 
fact  that  it  led  natural  philosophers  to  make  definite 
measurements,  and  put  exact  research  in  the  place  of 
vague  reasoning. 

The  atomic  theory,  usually  associated  with  the  name 
of  Dalton,  is,  however,  not  nearly  as  much  the  historic 
property  of  that  great  man  as  gravitation  is  that  of 
Newton,  for  whereas  the  latter  gave  the  fullest  gen- 
eralisation that  can  so  far  be  safely  made,  the  atomic 


^  Ancient  philosophers  have  fur- 
nished us  with  three  distinct  ab- 
stractions which  have  survived,  and 
which,  put  into  definite  mathemati- 
cal language,  have  led  exact  research 
in  physics  and  chemistry  in  modern 
times  —  the  theory  of  Attraction 
and  Repulsion,  the  Atomic  Theory, 
and  the  Kinetic  Theory,  or  the 
notion  that  everything  is  motion. 
Of  these  three  theories  the  second 
was  most  developed  in  antiquity  ; 
Lucretius's  great  poem  on  the  na- 
ture of  things  being  really  a  treatise 
on  the  subject,  in  which  the  atomic 
view  is  placed  in  the  centre,  the  two 
other  ideas  being  likewise  largely 
utilised.  The  historians  of  ancient 
philosophy  trace  these  abstract  or 
leading  ideas  back  to  the  earlier 
Oreek  thinkers.     Thus  Heraclitus 

VOL.  I. 


of  Ephesus  is  credited  with  having 
first  taught  that  everything  is  in 
motion.  Empedoclesof  Agrigentum 
made  use  of  the  notions  of  Attrac- 
tion and  Repulsion,  poetically  re- 
presented as  Love  and  Hatred,  to 
explain  the  action  of  his  elements  ; 
and  Democritus  of  Abdera  is  uni- 
versally considered  to  be  the  true 
founder  of  the  atomistic  theory, 
which  was  adopted  and  developed 
in  the  School  of  Epicurus,  and  very 
fully  explained  by  the  Roman  poet. 
A  very  good  analysis  will  be  found 
in  Lange's  '  History  of  Materialism ' 
(English  translation  by  Thomas,  3 
vols.),  in  which  also  the  historical 
connection  with  modem  thought, 
especially  through  Bacon,  Gassendi, 
and  Hobbes,  is  clearly  brought 
out. 

26 
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theory  has  been  gradually  defined  and  variously  modi- 
fied in  the  course  of  this  century,  and  is  still  in  a  sonie- 
what  unstable  condition.  We  are  also  bound  to  attach 
the  greatest  importance  to  the  preliminary  step  taken 
by  Lavoisier,  who  is  even  more  justly  called  the  father 
of  modern  chemistry  than  Kepler  is  called  the  father 
of  modern  astronomy. 

The  exact  claims  of  Lavoisier  to  this  important  place  in 
the  history  of  chemistry  have   been  variously  stated:^ 


^  Continental  writers  are  pretty 
unanimous  in  dating  modern  chem- 
istry from   the   time  of   Lavoisier 
(1743-1794).     In  this  country  there 
has  been  less  unanimity,  the  names 
of  Black,  of  Cavendish,  of  Priestley, 
even  of  Robert  Boyle,  having  occa- 
sionally  been    put*  forward.      The 
fact  that  Lavoisier   did   not   suffi- 
ciently acknowledge  ^  his  indebted- 
ness to  some  of   his  English  con- 
temporaries has  given   occasion  in 
some  quarters  to  depreciation  of  his 
merits.     It  cannot  be  upheld  that 
he  was  the  first  formally  to  express 
the  doctrine  of  the  indestructibility 
or  conservation  of  matter,  as  this 
idea   underlay   many  experimental 
researches    before    his    time ;    nor 
that  he  was  the  first  to  refer  to 
the   balance  as   the   ultimate   test 
of  chemical   facts.     The   assertion 
that  he  first  introduced   the   idea 
of  two  difierent   kinds  of  matter, 
ponderable    and    imponderable,    is 
also    questionable,   and   still    more 
so  his  claim  to  having  discovered 
oxygen,  the  composition  of  water 
and  of  atmospheric  air,  the  combus- 
tibility of  the  diamond,  and  other 
special  facts.     His  fame  rests  upon 
a    much    broader    basis,    and    has 
been  most  clearly  investigated  and 
settled  by  Hermann   Kopp  in  his 
'  Entwickelung  der  Chemie  in  der 
neueren    Zeit'    (Miinchen,     1873). 


In  this  excellent  work  the  author 
somewhat    modifies    the    view    he 
took  in  his  earlier  *  Geschichte  der 
Chemie '  (Braunschweig,  1843,  espe- 
cially vol.  i.  p.  274,  &c.),  and  sums 
up  Lavoisier's  merit  in  the  follow- 
ing words  (p.  145):  "His  contem- 
poraries could  dispose  of  the  same 
inherited  and  much  new  material, 
but   not   one  of  them  understood 
how  to  build  up  out  of  this  material 
and  his  own  independent  researches 
a  chemical  system,  the  reception  of 
which    should   form    the    starting- 
point  for   all  future   improvement 
of  this  science.     Lavoisier  has  the- 
whole    merit    of    having    achieved 
this.     He  added  to  his  own  recog- 
nition of  the  correct  views  the  work 
of  procuring  recognition  for  them 
from  others.     He  imparted  his  own 
matured  views  to  those  who  repre- 
sented chemistry  at  the  end  of  the 
last  century.  .  .  .  We  must  measure 
his    greatness    not    merely   by   his 
own   insight   but   also   by   the   re- 
sistance which  he  had  to  overcome 
in    other    chemists   who    clung   to- 
the  older   theory.     These  achieve- 
ments are  great  enough  not  to  re- 
quire the  exaggeration  with  which 
they    have    occasionally    been    an- 
nounced, and  not  to  be  touched  by 
attempts  on  the  other  side  to  mini- 
mise them." 


there  is  however  no  difference  of  opinion  on  this  point, 
that  since  his  time,  and  greatly  through  his  labours,  the' 
quantitative  method  has  been  established  as  the  ultimate 
test  of  chemical  facts ;  the  principle  of  this  method  being 
the  rule  that  in  all  changes  of  combination  and  reaction, 
the  total  weight  of  the  various  ingredients— be  they  ele-' 
mentary  bodies  or  compounds— remains  unchanged.)     The 
science  of  chemistry  was  thus  established  upon  an  exact, 
a  mathematical  basis.    By  means  of  this  method  Lavoisier,' 
utilising  and  analysing  the  results  gained  by  himself  and 
others  before  him,  notably  those  of  Priestley,  Cavendish, 
and  Black,  succeeded  in  destroying  the  older  theory  of 
combustion,   the   so-called  phlogistic   theory.i     From   a 


J_  This  result  was  announced  in 
1777    to   the    Paris   Academy,  and 
the  demonstration  completed  in  a 
memoir  of  1783.     "He  closes  this 
latter  memoir  with  the  expression, 
that  his  object  had  been  to  bring 
forward  new  proofs  of  his  theory 
of    combustion    of    1777,    and    to 
prove   that  Stahl's  phlogiston   was 
something  purely  imaginary,— that 
without    it    facts   could    be    more 
easily  and  more   simply  explained 
than   with   it;    he  did  not  expect 
that   his  views  would  be   at  once 
accepted,    .    .    ,    time  would  have 
to  confirm  or  to  reject  the  opinions 
he  had  developed,  but  already  he 
recognised  with  satisfaction  that  un- 
prejudiced students  of  the  science, 
unbiassed  mathematicians  and  phy- 
sicists, believed  no  longer  in  phlo- 
giston as  Stahl  viewed  it,  and  that 
they  considered  the  whole  doctrine 
more  as  a  hindrance  than  as  a  help- 
ful scaffolding  in  erecting  the  edifice 
of  science"  (Kopp,  'Entwickelung,' 
p.  202).     This  and  the  further  re- 
mark   of    Kopp    that   it   was   the 
mathematicians   who   took  up  La- 
voisier's views  (see  supra,  p.   115, 


note  2)  are  significant  signs  of  the 
mtroduction  of  the  mathematical, 
the  measuring,  spirit  into  chemistry! 
Few  ideas  which   once  exerted  so 
great  and  lasting  an  influence  on 
science  as  that  of  phlogiston,  have 
so   entirely   disappeared   from   our 
text-books,  and  it  is  interesting  to 
note   that   those  whose  researches 
were  guided  by  it  were  not  so  far 
from    grasping    a    valuable    truth 
as  has  been  supposed.     This  theory, 
elaborated    by    Stahl,    a    contem- 
porary   of    Newton    and    Leibniz 
(1660-1734),  was  the  first  attempt 
to  co-ordinate  a  great  mass  of  ob- 
servations, to  bring  the  phenomena 
of  chemical  change  under  one  com- 
mon    principle.      Phlogiston     was 
the  thing  the  migration  of  which 
gave  rise  to  chemical  change,  and 
as  the  most  obvious  changes  were 
exhibited  in  the  processes  of  com- 
bustion, "  Phlogiston  "  or  "  Brenn- 
stoff""   was   the   name   which   sug- 
gested  itself  as  most  suitable  for 
this  principle.      Chemical   changes 
were  not  to  be  measured  so  much 
by  the  resulting  change  of  weight 
as   by    the   readiness   with  which 
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4. 

Phlogistic 
theory. 


scientific  point  of  view,  the  principal  defect  in  this  theory 
was,  that  its  explanations  could  not  be  subjected  to  any 
strict  and  exact  numerical  verification.  Whenever  an 
element  enters  into  our  operations  which  has  either  no 
weight  or  a  negative  weight,  and  thus  evades  exact  de- 
termination and  control,  explanations  and  observations 
become  vague  and  uncertain. 

In  the  time  of  Lavoisier,  and  pre-eminently  through  his 

exertions,  this  vague  and  unmeasurable  principle  phlo- 

criston  was  eliminated  from  the  laboratory  and  the  text- 

books :  quantities  took  the  place  of  indefinable  qualities, 

and  numerical  determinations  increased  in  frequency  and 

accuracy.     The  vague  phlogistic  theory,  which  contained 

a  germ  of  truth,  but  one  which  at  that  time  could  not  be 

put  into  definite  terms,  had  helped  to  gather  up  many 

valuable  facts  and  observations :  these  were  collected  and 

restated  in  a  new  and  precise  language.     It  has  been  said 

that  every  science  must  pass  through  three  periods  of 

development.     The  first  is  that  of  presentiment,  or  of 

faith ;  the  second  is  that  of  sophistry ;  and  the  third  is 

that  of  sober  research.     Liebig  states  the  case  somewhat 


substances  enter  into  chemical  re- 
action ;  and  the  mobility  or  inert- 
ness of  chemical  substances  was  to 
be  measured  by  the  presence  or  ab- 
sence of  a  definite  something.  A 
hundred  and  fifty  years  after  Stahl, 
science  had  so  far  advanced,  that 
besides  the  change  of  weight  or 
mass,  the  change  of  the  power 
of  entering  into  chemical  com- 
bination could  also  be  measured, 
and  the  term  "  potential  energy  " 
was  introduced  to  describe  many  of 
those  properties  and  processes  which 
Stahl  had  fastened  upon,  when  he, 
as  the   pioneer,   undertook   to  co- 


ordinate chemical  phenomena.  If 
Stahl  considered  phlogiston  to  be 
a  substance,  though  he  did  not  in- 
quire into  its  mass  or  ponderable 
property,  the  question  might  be 
put  again,  whether  "  energy  "  is  not 
to  be  considered  after  all  as  a  sub- 
stance. Cf.  Tait,  'Properties  of 
Matter'  (2ud  ed.,  introduction,  es- 
pecially p.  5  sqq.);  'Recent  Ad- 
vances of  Science,'  introduction; 
also  Clerk  Maxwell,  '  Electricity  and 
Magnetism '  (last  chapter)  ;  Ost- 
wald,  'Chemische  Energie'  (Leip- 
zig, 1893,  p.  41). 


more  correctly  when  he  says :  "  To  investigate  the  essence 
of  a  natural  phenomenon,  three  conditions  are  necessary: 
We  must  first  study  and  know  the  phenomenon  itself, 
from  all  sides ;  we  must  then  determine  in  what  relation 
it  stands  to  other  natural  phenomena ;  and  lastly,  when 
we  have  ascertained  all  these  relations,  we  have  to  solve 
the  problem  of  measuring  these  relations  and  the  laws  of 
mutual  dependence — that  is,  of  expressing  them  in  num- 
bers. In  the  first  period  of  chemistry,  all  the  powers 
of  men's  minds  were  devoted  to  acquiring  a  knowledge  of 
the  properties  of  bodies;  it  was  necessary  to  discover, 
observe,  and  ascertain  their  peculiarities.  This  is  the 
alchemistical  period.  The  second  period  embraces  the 
determination  of  the  mutual  relations  or  connections  of 
these  properties ;  this  is  the  period  of  phlogistic  chemistry. 
In  the  third  period,  in  which  we  now  are,  we  ascertain  by 
weight  and  measure  and  express  in  numbers  the  degree 
in  which  the  properties  of  bodies  are  mutually  dependent. 
The  inductive  sciences  begin  with  the  substance  itself, 
then  come  just  ideas,  and  lastly,  mathematics  are  called 
in,  and,  with  the  aid  of  numbers,  complete  the  work."  ^ 

As  Galileo,  Huygens,  and  JSTewton,  by  a  series  of  bril- 
liant investigations  and  theories,  such  as  those  of  the  pen- 
dulum, the  fall  of  bodies,  finally  of  universal  gravitation, 
established  the  usefulness  of  the  mathematical  treatment 
of  physical  phenomena,  so  Lavoisier  and  his  school  proved 
the  correctness  and  usefulness  of  their  views  by  the  new        5. 

Tlieory  of 

theory  of  combustion,  as  consisting  in  the  combination  of  combustion 
a  special  body  or  element  called  oxygen  with  other  bodies 

^  *  Familiar  Letters  on  Chemistry,'  translated  by  Blyth,  4th  ed.,  London, 
1859,  p.  60. 
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or  elements.  A  very  large  field  of  research — all  on  the 
lines  pointed  out  by  the  new  school — was  opened  out.  But 
the  age  for  a  further  application  of  mathematical  reason- 
ing came  much  more  slowly  in  chemistry  than  in  physical 
science. 

The  latter  had  at  least  one  great  department,  in  which 
a  small  number  of  factors,  all  admitting  of  mathematical 
accuracy — those  of  distance,  mass,  and  motion — sufficed 
to  explain  the  phenomena,  at  least  if  viewed  from  a  great 
distance.  This  science  is  the  physics  of  the  heavens,  the 
science  of  cosmic  phenomena.  On  this  earth — in  physical 
and  still  more  in  chemical  phenomena — the  matter  stood 
very  differently.  Here  we  have  not  to  deal  with  a  few- 
measurable  quantities  only.  A  large  number  of  elements 
or  factors,  of  which  only  very  few  can  be  accurately 
measured,  combine  to  make  up  what  we  called  in  the  last 
chapter  molar  and  molecular  phenomena.  In  the  study 
of  inanimate  nature,  astronomy — the  mechanics  of  the 
heavens — deals  with  the  ^simplest  relations ;  chemistry — 
the  science  of  the  changes  which  bodies  undergo  when 
being  combined  or  separated — deals  with  the  most  com- 
plicated side  of  reality.  Physics  occupy  an  intermediate 
position,  and  thus  we  can  also  trace  in  the  history  of 
physical  research  the  twofold  influence  of  the  astronomical 
method  of  inquiry  on  one  side,  and  the  chemical  on  the 
other. 

But  the  general  rule,  that  in  chemical  changes  the 
weight  of  all  the  constituents  put  together  never  changes, 
was  not  the  only  numerical  relation  which  came  to  the 
aid  of  students  of  nature,  when  they,  at  the  end  of  the  last 
century,  betook  themselves  to  exact  measurements  and 
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determinations.  That  rule  is  indeed  the  foundation  of  all 
work  in  the  laboratory,  the  principle  which  decides  the 
degree  of  accuracy  attained  in  every  analysis,  and  which 
not  infrequently  is  the  only  method  of  determining  the 
presence  of  some  undiscovered  constituent.^      Not  long 


^  The  revolution  in  chemistry  at 
the  end  of  the  last  century  manifests 
itself  in  nothing  more  than  in  the 
various  distinct  problems,  corre- 
sponding to  different  courses  of 
scientific  thought  and  different  in- 
terests, which  have  guided  chemical 
research  since  that  time.  The  first 
definite  object  was  the  search  after 
the  real  elements,  the  attempt  to 
decompose  the  existing  substances 
of  nature  into  their  ultimate  con- 
stituents. This  interesting  occu- 
pation somewhat  pushed  into  the 
background  the  theoretical  investi- 
gations regarding  the  forms  of  the 
combinations  of  the  various  ele- 
ments into  compounds,  still  more 
the  study  of  chemical  affinity.  A 
second  definite  object  was  the  de- 
velopment of  the  theory  of  combus- 
tion which  Lavoisier  propounded, 
and  the  confirmation  or  refutation 
of  the  idea  according  to  which 
oxygen  occupied  almost  as  import- 
ant a  position  in  chemical  reactions 
as  phlogiston  had  done  before.  A 
third  definiteobject  was  the  develop- 
ment of  analytical  chemistry,  the 
systematic  and  methodical  use  of 
the  balance.  So  far  as  the  first 
branch  of  this  pursuit  was  con- 
cerned, Lavoisier's  catalogue  of  the 
elements  was  still  very  incomplete  ; 
it  contained  thirty-three  members, 
including  light  and  heat,  and 
twenty-three  of  the  substances 
which  now  figure  in  the  list  of  the 
seventy  elements  enumerated  in  the 
text- books  ;  the  alkalies  and  earths 
were  still  considered  to  be  simple 
bodies.  A  great  addition  to  our 
knowledge  in  this  department  came 


through  Davy's  decomposition  of 
soda  and  potash.  And  after  his 
proof  of  the  elementary  nature  of 
chlorine  the  oxygen  theory  of  La- 
voisier had  also  to  be  greatly  modi- 
fied. '*  Through  a  series  of  most 
important  investigations,  he  rose  in 
the  beginning  of  this  century  to 
such  eminence,  that  he  was  then 
considered  to  be  the  first  represen- 
tative of  chemical  science.  With 
great  experimental  ability  he  com- 
bined a  singular  freedom  from  all 
the  theoretical  doctrines  which  were 
recognised  in  his  age  "  (Kopp,  *  Ent- 
wickelung  der  Chemie,'  p.  451).  In 
this  he  resembled  Dalton  and  Fara- 
day and  other  natural  philosophers 
in  this  country,  on  whom  theoretical 
notions  formed  in  the  Continental 
schools  had  little  or  no  influence. 
Qualitative  analysis  was  less  indebt- 
ed to  Lavoisier  than  other  branches 
of  the  science  were.  In  fact,  it  was 
more  at  home  in  Sweden  and  Ger- 
many, where  the  interests  of  miner- 
alogy and  metallurgy  promoted  it. 
Bergmann  and  Scheele  in  Sweden, 
Klaproth  in  Berlin,  were  the  fore- 
runners of  Berzelius  and  of  the 
Berlin  school  of  analysts.  In  this 
country  Black  and  especially  Caven- 
dish had  carried  out  some  important 
quantitative  determinations,  the  ac- 
curacy of  which  seems  very  far  be- 
hind modern  standards  (see  Kopp, 
'Geschichte  der  Chemie,'  vol.  ii.  p. 
70,  &c.,  1844).  It  was  the  introduc- 
tion of  the  notion  of  chemical  equi- 
valence, a  term  used  already  by 
Cavendish,  which  furnished  the 
ultimate  test  for  accuracy  and  re- 
volutionised quantitative   analysis. 
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6.  before  the  age  of  Lavoisier,  another  general  conception 
proportions,  had  been  introduced  into  chemical  research ;  this  was  the 
rule  of  definite  proportions — i.e.,  the  fact  that  substances, 
whether  simple  or  compound,  combine  only  in  definite 
proportions  of  their  weight,  and  that  the  numbers  marking 
these  proportions  are  characteristic  of  every  definite 
chemical  substance.  It  took  some  time,  nearly  a  century, 
before  this  idea,  which  arose  through  the  examination  of 
neutral  salts  and  the  determination  of  the  quantities  of 
acids  and  alkalies  which  were  wanted  to  effect  mutual 
saturation,  became  clear ;  before  the  rule  of  definite  pro- 
portions was  generally  established,  becoming  a  guide  for 
chemical  analysis.  It  is  interesting  to  note  how  the 
vaguer  terms  of  chemical  affinity  and  elective  attraction, 
of  chemical  action,  of  adhesion  and  elasticity — mostly 
borrowed  from  other  departments  of  science  where  they 
had  definite  meanings — gradually  disappeared,  when  by 
the  aid  of  the  chemical  balance  each  simple  substance 
and  each  definite  compound  began  to  be  characterised, 
and  labelled  with  a  fixed  number.  Nevertheless,  even  at 
the  beginning  of  this  century,  eminent  chemists  were  still 
so  much  engaged  in  discussing  the  rival  claims  of  the  old 
phlogistic,  and  the  modern  theory  of  combustion,  of  Ber- 
thollet's  cljemical  equilibrium,  of  the  so-called  dynamical 
and  the  electro-chemical  views  of  phenomena,  that  the  first 
methodical  attempt  actually  to  fix  these  numbers — i.e.,  to 
give  a  table  of  chemical  equivalents — remained  unnoticed.^ 

^  The  history  of  chemistry  early  j   doctrine  of  chemical  affinities,  was 

in  this  century  furnishes  a  good  ex-  evidently  much  influenced  by  the 

ample  of  the  sway  which  theoretical  i   mathematical  theory  of  attraction, 

views  exercised  over  the  minds  of  in-  and  by  the  mechanical  laws  of  equi- 

vestigators.     Berthollet,  who  began  librium,  which  formed  so  prominent 

by  critically  examining  Bergmann's  a  subject   of  investigation  in   the 


The  merit  of  having  made  this  attempt  belongs  to  one 
who  approached  chemistry  entirely  from  the  mathematical 
side,  who  wrote  the  first  chemical  book  with  a  title  point- 
ing directly  to  measurements,  but  who  perhaps  spoilt  his 
work  by  giving  way  to  the  fascination  which  regular 
numerical  and  geometrical  arrangements  have  again  and 
again  exercised  over  philosophical  inquirers.  Jeremias  7. 
Benjamin  Eichter — a  name  possessed  of  no  popular  cele-  Richter. 
brity — published  in  1792  to  1794,  in  three  parts,  his 
"  Stoechiometry,  or  the  art  of  measuring  chemical  ele- 
ments." ^     From  his  data,  Fischer  calculated  in  1802  the 


writings  of  Laplace  and  his  school. 
Chemical  affinity  was  to  be  co- 
ordinated with  what  he  called  astro- 
nomical attraction  ;  both  were  to 
be  ultimately  the  same  physical 
property;  they  acted  difierently, 
because  in  the  case  of  gravitation 
the  dimensions  were  so  large,  that 
the  form,  distances,  and  peculiar 
properties  of  the  molecules  had  no 
influence.  It  was  an  attempt  to 
introduce  the  astronomical  vi.^w  of 
matter  into  molecular  physics,  and 
to  base  chemistry  upon  this  view. 
Berthollet  adhered  to  the  corpus- 
cular theory  of  heat  against  Rum- 
ford,  who  had  just  propounded  his 
opinion  that  heat  is  not  a  consti- 
tuent part  of  bodies  ;  and  he  main- 
tained that  chemical  affinity  was  a 
function  of  the  mass  of  bodies  as 
was  astronomical  attraction.  The 
germ  of  truth  in  Berthollet's  views, 
which  were  approved  by  Laplace, 
but  cast  into  oblivion  under  the 
influence  of  Proust  and  Richter's 
theory  of  fixed  proportions,  has 
in  recent  times  been  shown  by 
Lothar  Meyer  (*  Modem  Theories  of 
Chemistry,'  Introduction),  and  by 
Ostwald  ('Allgemeine  Chemie,'  vol. 
ii.  p.  557,  1st  ed.,  also  '  Die  Energie 
und    ihre    Wandlungen,'    Leipzig, 


1888,  p.  20).  If  the  astronomical 
view  of  molecular  phenomena  pre- 
vented Berthollet  from  accepting 
Proust'sdoctrine  of  fixed  proportions 
and  definite  combinations,  Richter 
injured  his  own  reputation  by  ad- 
hering to  the  nomenclature  of  the 
phlogiston  theory  after  it  had  been 
discarded  by  French  chemists,  and 
in  Germany  after  Klaproth's  deter- 
minations in  1792.  The  oxygen 
theory  of  combustion  of  Lavoisier 
got  such  a  firm  hold  on  the  minds 
of  Continental  chemists  that  the 
labours  of  those  who,  like  Cavendish 
in  England  and  Richter  in  Germany, 
put  forward  important  discoveries 
in  the  language  and  on  the  principles 
of  the  older  theory,  were  temporarily 
forgotten.  See  Kopp,  *  Entwickel- 
ung  der  Chemie,'  p.  271,  &c. 

^  Stoechiometry  comes  from  the 
Greek  to.  a-Toixe^a,  the  constituent 
parts,  and  fxtrpuv,  to  measure. 
All  Richter's  works  are  connected 
with  the  application  of  mathematics 
to  chemistry  ;  his  inaugural  disser- 
tation, which  appeared  in  1789, 
bearing  the  title  '  de  usu  matheseos 
in  chymia'  (Kopp,  'Geschichte  der 
Chemie,'  vol.  ii.  p.  350).  "  Richter 
etait  pr^occup^  de  I'idee  d'applitjuer 
les  math^matiques  a  la  chimie,  et  en 
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& 
Dalton. 


first  table  of  chemical  equivalents,  taking  sulphuric  acid 
as  the  standard  with  the  figure  1000. 

The  conviction  that  chemical  substances  combine  ac- 
cording to  fixed  and  simple  proportions  gained  ground 
on  the  Continent,  chiefly  during  the  discussion  in  which 
Proust  finally  disproved  and  defeated  Berthollet's  theory 
of  chemical  affinity ;  but  it  is  to  Dalton  that  the  doctrine 
of  fixed  and  multiple  proportions  is  indebted  for  a  con- 
sistent exposition.  Dalton  based  it  upon  a  mental  re- 
presentation which  ever  since  has  been  the  soul  of  all 
chemical  reasoning. 

When  I^ewton,  from  the  measurable  data  of  the  move- 
ments of  cosmic  bodies,  deduced  the  celebrated  gravita- 
tion formula,  he  had  to  descend  to  molar — nay,  even  to 
molecular — dimensions,  and  to  express  it  as  a  relation 
referring  to  the  very  elements  of  matter,  before  he  could 
apply  it  in  a  useful  manner :  he  had  to  express  it  as  a 
formula  which  had  reference  to  the  smallest  portions  of 
matter.     In  the  same  way,  the  measurements  made  by 


particulier  de  decouvrir  des  relations 
numeriques  entre  lea  quantitds  des 
corps  qui  se  combinent.  Ses  efforts, 
dans  cette  direction,  n'ont  pas  et^ 
egalement  heureux  ;  car,  s'il  a  re- 
connu  et  dnonc^  le  premier  la  loi  de 
proportionnalit^  entre  les  quantitea 
de  bases  qui  s'unissent  au  meme 
poids  d'acide  et  entre  les  quantites 
d'acides  qui  s'unissent  au  meme 
poids  de  base,  fait  important  et  ex- 
act, il  a  cherche  k  d^montrer,  d'un 
autre  cot^,  que  ces  quantites  fermai- 
ent  des  series  numeriques  dout  les 
termes  augmentent  suivant  des  re- 
lations simples,  ce  qui  est  errone. 
.  .  .  Ces  erreurs  n'ont  pas  echappd, 
sans  doute,  h.  I'attention  des  con- 
temporains  de  Richter  et  ont  con- 
tribue   h,   discrediter   ses    travaux. 


.  .  .  Mais  nous  n'avons  pas  a  insister 
sur  ce  dernier  point.  Relevons, 
dans  Toeuvre  de  Richter,  les  idees 
justes  et  les  decouvertes  fondamen- 
tales  qui  recommandent  d'autant 
plus  son  nom  a  I'attention  recon- 
naissante  de  la  posterite  qu'il  est 
demeur^  meconnu  et  presque  ignor^ 
de  son  temps  "  (Wurtz,  *  La  Thdorie 
atomique,"  /'"^  ed.,  1893,  p.  9,  &c.) 
"  L'opposition  meme,  qu'il  profes- 
sait  pour  les  doctrines  du  reforma- 
teur  [Lavoisier]  semble  avoir  con- 
tribue  b,  discrediter  les  travaux  de 
Richter :  son  heure  n'etait  pas 
venue  ;  I'int^ret  ^tait  ailleurs,  et 
en  AUemagne,  comme  en  France  et 
en  Angleterre,  les  esprits  ^taient 
entraines  par  le  courant  des  idees 
nouvelles"  (ibid.,  p.  13). 


many  chemists  previous  to  Dalton  had  to  be  interpreted 
as  referring  not  only  to  such  quantities  as  the  balance 
could  determine,  but  to  the  very  smallest  immeasurable 
particles    of    which    chemical    substances    consist.     For 
this  purpose   Dalton  adopted  what  was  known   as  the 
atomic  view  of   matter.     The  conception   of   matter  as 
made  up  of  independent  particles,  which  for  our  means 
and  methods  prove  not  only  indestructible  but  likewise 
indivisible,  was  revived  as  the  ancient  theory  of  attraction 
had   been.     Combined   with   the   Newtonian   view   that 
weight  is  a  universal  property  of  all  matter,  it  made  the 
two   fundamental   rules  of  chemical  action  intelligible: 
the  two  facts — first,  that  the  total  weight  of  substances 
remains  always  the  same,  be  they  combined  in  ever  so 
many  different  ways;   and  secoyidly,  that  all  substances, 
be  they  in  large  or  in  small  quantities,  combine  with  each 
other,  or  separate  from  each  other,  in  definite  and  fixed 
proportions.     This  view  could  not  be  consistently  main- 
tained, except  it  was  referred  to  the  smallest  particles 
into  which  matter   is   practically  divisible:    the  figures 
expressing  the  combining  numbers  were  viewed  by  Dalton 
as  representing  the  relative  weights  of  the  actual  atoms 
or  elements  of  matter.     That  the  ultimate  particles  of 
matter  have  definite  weights  is  the  reason  why  substances 
combine   in    fixed  proportions,  and  why  the   combining 
weight  of  the  compound  is  the  sum  of  the  combining 
weights  of  the  constituents. 

As  the  gravitation  formula  had  given  rise  to  a  sur- 
prising activity  in  physical  astronomy,  to  a  long  series 
of  exact  measurements,  and  to  theoretical  deductions  of  a 
purely  mathematical  kind,  so  the  atomic  theory  of  Dalton 
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in  the  early  years  of  the  century  fixed  the  task  of  chemists 
for  a  long  time  ahead. 

To  begin  with,  an  enormous  amount  of  work  had  to 
be  done  in  determining  the  actual  proportions  in  which 
elementary  substances  combine.  A  very  large  share  of 
BerzeUus.  ^^^^  work  bclongs  to  BerzcHus,  who  by  a  great  number 
of  very  accurate  determinations  confirmed  inductively 
the  correctness  of  Dalton's  theory.  And  even  more  im- 
portant than  the  conformation  of  the  theory  was  the  great 
harvest  of  actual  knowledge  of  the  things  and  processes 
of  nature  which  was  collaterally  gathered,  whilst  chemists 
were  trying  to  prove  or  to  refute  existing  opinions. 

Indeed,  whilst  the  atomic  theory  of  Dal  ton  was  the 
first  step  towards  a  systematic  and  comprehensive  study 
of  chemical  phenomena — i.e.,  of  the  qualitative  varieties 
under  which  matter  presents  itself  to  us  on  the  surface 
of  this  globe — ^he  extension  which  was  gained  in  the 
domain  of  actual  facts  was  much  greater  than  the  simpli- 
fication which  the  theory  had  attempted  to  give.  The 
number  of  elements  or  simple  bodies,  which  in  Lavoisier's 
time  hardly  exceeded  thirty,  increased  before  the  year 
1830  to  more  than  double :  the  number  of  new  compounds, 
unknown  before,  has  probably  never  been  counted.  Com- 
pared with  this  growth  of  actual  knowledge  of  facts,  the 
development  of  the  theory  was  slow  and  uncertain.  The 
view  of  nature  from  the  atomic  point  of  view  marks 
indeed  a  great  contrast  to  that  from  the  astronomical 
10.        point  of   view.     We  now  live  about  as  long  after  the 

Atomic  r.  /•       1 

theory  and    rcform   of  chcmistry  through  Lavoisier   and  Dalton   as 

gravitation  *^  *-" 

compared.     Laplacc  livcd   after   the   reform   of  physical   astronomy 


through  Newton.  But  who  could  compare  the  state  of 
chemistry  at  the  present  day  with  that  of  astronomy  in 
the  age  of  Laplace  ?  There,  every  step  had  tended  to 
show  that  the  one  Newtonian  formula  sufficed  to  com- 
prehend all  cosmic  phenomena;  here,  the  simplification 
introduced  by  Dalton  has  had  to  give  way  to  a  series 
of  modifications  which  have  rendered  the  atomic  theory 
one  of  the  most  complicated  machineries  ever  introduced 
into  science.  Let  us  review  in  brief  the  fate  of  Dalton's 
hypothesis  during  the  century  which  followed.  Quite  in 
the  early  years  of  the  atomic  theory,  Wollaston  propheti-  n. 
cally  foretold  that  if  once  an  accurate  knowledge  were  prophecy?  ^ 
gained  of  the  relative  weights  of  elementary  atoms,  philo- 
sophers would  not  rest  satisfied  with  the  determination 
of  mere  numbers,  but  would  have  to  gain  a  geometrical 
conception  of  how  the  elementary  particles  were  placed 
in  space.  Van't  Hoff  s  '  La  Chimie  dans  I'Espace ' — pub- 
lished at  Eotterdam  in  1875 — was  the  first  practical  reali- 
sation of  this  prophecy.  Many  stages  had  to  be  gone 
through  before  this  latest  phase  of  the  atomic  view  was 
attained.  Had  it  been  the  case  that  every  elementary  sub- 
stance combines  with  any  other  substance  only  in  one 
fixed  numerical  proportion,  no  necessity  would  have  ex- 
isted to  look  upon  the  atomic  numbers  as  anything  else 
than  equivalents.  But  it  was  found  that  though  the 
combining  numbers  were  fixed  they  were  not  always  the 
same ;  it  was  found  that  if  a  substance  combined  in  two 
or  more  proportions  with  any  other,  the  larger  proportions 
were  always  exact  multiples  of  the  smallest  proportion. 
And  this — the  rule  or  law  of  multiple  proportions — was 
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Ruie^oi        ^^^^^y  what  gave  to  Dalton's  view  its  great  plausibility/ 

propirt^oas.  ^^^  ^^  ^^^  elementary  atom  of  each  substance  had  a  definite 

weight,  it  might  be  that  not  one  atom  only  combined  with 

one  other,  but  that  one  combined  with  two,  or  two  with 

three,  and  so  on.     Indeed  it  was  soon  found  that  this  was 


^  The  different  factors  of  thought 
which  combined  to  give  the  atomic 
theory  that  definiteness  and  useful- 
ness which  it  attained  through  and 
since  Dalton  lay  ready-made  before 
him  ;  but  no  one  had  seen  so  clearly 
as  he  did  how  to  combine  them. 
Proust  had  taught  how  to  distin- 
guish between  chemical  compounds 
and  mixtures.     When  he  prepared 
carbonate  of  copper  artificially,  he 
found  that  it  had  the  same  com- 
position as  the  mineral  which  he 
found    in     nature.       Richter    had 
shown  that  definite  proportions  de- 
scribe the  quantities  in  which  acids 
and   bases   exist   in   neutral    salts. 
Fischer  had  attached  to  his  transla- 
tion of  Berthollet's  work  the  first 
table   of    equivalent   quantities   of 
bases  and  acids  which  combine  to 
neutralise  each  other.    Richter,  and 
after    him    Gay-Lussac,    had    also 
found  that  the  quantities   of   dif- 
ferent metals  which  dissolve  in  the 
same    quantity   of    acid    to    form 
saturated    solutions    combine    also 
with  the  same  weights  of  oxygen 
to  form  oxides.     Richter,  and  after 
him  Proust,  had  found  that  certain 
metals,  like  iron  and  mercury,  form 
more  than  one  fixed  compound  with 
oxygen,  but  without  perceiving  that 
the  different  quantities  of  oxygen 
in  these  fixed  compounds  stand  in 
simple  proportions  to  each   other. 
So  far  as   the   theoretical   side   is 
concerned,    the    idea    that    bodies 
are  formed  of  distinct  particles — 
the  notion  of  the  ultimate  hetero- 
geneousness  or  discontinuity  of  mat- 
ter-—was  not  only  familiar  to  the 
ancients,  but  was  adopted  by  many 
physicists  before  Dalton ;  though  the 


chemical   specialists  who  prepared 
the  way  for  Dalton  do  not  seem  to 
have  made  use  of  this  idea.     Boer- 
haave,  and  before  him  Boyle,   had 
spoken  of  atoms  and  of  the  massvlce 
or    particles.     Theories   were    not 
wanting   that  these  ultimate  par- 
ticles differed  in  size  and  form,  nor 
the   opposite   view,    that   the   par- 
ticles which  combined  had  the  same 
weight.     The  latter  was  the  view 
of    Higgins,    in    the    exposition    of 
which  (1790)  he  entangled  himself 
in  contradictions,  losing  his  chance 
of  being  one  of  the  founders  of  the 
atomic  theory.    As  Wurtz  and  Kopp 
and  others  who  have  carefully  in- 
vestigated   the    rival    claims    have 
said  :  This  honour  of  founding  the 
atomic  theory  belongs  undividedly 
to  Dalton.     It  seems  important  to 
notice    that  his   experiments  with 
mixtures  of  gases,  which  must  have 
begun  about  1790,  impressed  upon 
him  the  idea  that  different  gases 
could  exist  independently  of  each 
other  in  the  same  space,  suggesting 
the  conception  that  neither  of  them 
filled    the   whole    space,    but    that 
they  consisted  of  discontinuous  par- 
ticles.    He  himself  refers  to  these 
first    investigations    as    containing 
the  germ  of  his  later  opinions.     It 
must,  however,  be  borne  in  mind 
that  Dalton  was  only  imperfectly 
acquainted   with    the   writings    of 
contemporary  —  especially     Conti- 
nental—writers,  and  that   he  had 
a    wholesome    distrust    for    state- 
ments of  facts  which  he  had  not 
verified  or  observed   himself.     All 
this  is  very  clearly  stated  in  Kopp's 
'  Entwickelung  der  Chemie,'  p.  285, 
&c. 


actually  the  case.  The  lowest  number  according  to  which 
any  substance  entered  into  combination  with  any  other 
was  called  the  atomic  weight  or  equivalent. 

There  was,  so  far,  no  necessity  to  look  upon  atomic 
weights  as  anything  else  than  numbers  fixing  a  propor- 
tion. The  unit  could  be  selected  arbitrarily.  It  was  not 
long  before  that  element,  hydrogen,  which  entered  into 
compounds  in  the  relatively  smallest  weight  was  taken  as 
an  arbitrary  unit,  and  all  other  elements  and  compounds 
were  tabulated  according  to  the  relative  amount  of  their 
weights  required  to  form  compounds  with  hydrogen  or 
with  any  other  element — e.g.,  oxygen — the  equivalent  of 
which  with  hydrogen  was  known.-^ 


13. 

Equivalents. 


^  For  many  years  after  the  enun- 
ciation of  the  atomic  theory  great 
uncertainty   and    much    difference 
of    opinion    existed    on    this    and 
other   points.      The  man  who  did 
most    to    elaborate    the    edifice   of 
which  Dalton  had  laid  the  founda- 
tions, who  filled  in  the  outlines  and 
invented  the  language  of  chemistry, 
was  Berzelius.      He  proceeded  in- 
ductively  and    gathered    materials 
from   all   sides ;    to    him   are   also 
owing  the  greatest  number  of  ac- 
curate analyses,  especially  of  inor- 
ganic substances.     When  he  began 
his  labours  he  was  favourably  dis- 
posed towards  Dalton's  hypothesis ; 
he  clearly  saw  its  capabilities,  but  also 
that  it  was  based  only  upon  a  happy 
suggestion,  that  it  was  introduced 
more  by  deductive  than  by  induc- 
tive reasoning,  and  that  it  needed 
to  be  exhaustively  tested  and  veri- 
fied.   After  ten  years,  during  which 
he  published  in  Gilbert's  '  Annalen  ' 
and  in  Thomson's  '  Annals  of  Philo- 
sophy '  many  series  of  investigations, 
he  was  able  in  1818  to  publish,  in 
his  '  Essay  on  Chemical  Proportions 
and   on   the   Chemical   Effects   of 


Electricity '     (French     translation, 
1819;   German  translation,   1820), 
the  first  systematic  and  complete 
exposition   of   the   atomic   theory. 
The   beginning    of   a   really   exact 
treatment   of   chemistry   has   been 
dated  by  H.  Rose,  the  greatest  an- 
alytical chemist  of  the  century,  from 
this  year  1818 — the  year  in  which 
Dalton's    hypothesis    was    proved 
and    generally    accepted.      Others 
have    dated    the    beginning    from 
1808,  when    Dalton   published   his 
theory ;    others   again   from   1776, 
when  Lavoisier  destroyed  the  older 
phlogiston  theory  and  appealed  to 
the    balance ;    others    again    from 
Black's  discovery  of  latent  heat  in 
1760.     In  an  international  history 
of  thought  it  is  not  of  much  in- 
terest to  decide  whose  claims  to  be 
the  founder  of  modern  chemistry 
as  a  science  are   best  established. 
Every  one  of  these  dates  marks  an 
epoch   in   the  advance  of   an   im- 
portant and  independent  branch  of 
research.     Black  took  an  important 
step  in  the  foundation  of  physical 
chemistry  through  his  introduction 
of  the  conception  of  the  quantity 
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A  great  door  was  now  opened,  not  only  for  actual 
observation  and  research,  but  also  for  speculation — i.e.y 
for  abstract  thought.  Some  substances,  if  they  entered 
into  combination  with  hydrogen,  required  more  than  one 
unit  of  hydrogen,  and  it  might  therefore  be  that  the  pro- 
portion of  the  combining  weight  of  hydrogen  with  any 
substance  did  not  correctly  give  the  atomic  weight  of  the 
latter,  but  merely  a  multiple  or  sub-multiple  of  it.  Thus, 
assuming  oxygen  combined  with  hydrogen  in  the  propor- 
tion of  8  parts  of  the  former  to  1  part  of  the  latter,  a 
possibility  was  that  the  proportion  might  more  correctly 
be  written  16  to  2  than  8  to  1.  Then,  again,  were  the 
equivalent  or  atomic  weights  necessarily  whole  numbers  ? 
Were  combinations  all  binary,  such  as  acids  and  alkalies 
forming  salts  ?  and  were  more  complex  compounds  resolv- 
able into  binary  compounds  of  simpler  binary  compounds  ? 
Further,  assuming  the  proportions  fixing  the  combining 
weights  to  be  known,  how  did  the  volumes  of  bodies  com- 
\)inel — was  there  a  rule  of  volumes  as  there  was  of  weights? 
and  lastly,  what  was  the  reason  or  cause  which  made  sub- 
stances change  their  combinations,  forming  new  ones,  what 
did  chemical  affinity  consist  in,  what  did  it  depend  on, 
how  could  it  be  defined  and  measured  ? 

Considering  that  we  have  to  do  with  a  large  number  of 
independent,  apparently  unchangeable,  elements,  entering 
into  many  thousands  of  differing  compounds,  the  task  of 


of  heat.  Lavoisier  led  the  way  in 
the  development  of  the  purely  arith- 
metical department  of  chemistry, 
in  the  exclusive  study  of  which 
physical  chemistry  was  greatly 
neglected.  Dal  ton  suggested  a 
formula  which  lent  itself  admir- 
ably to  the  representation  of  these 


purely  arithmetical  relations,  and 
Berzelius  elaborated  this  and  in- 
vented a  practical  nomenclature. 
Black  and  Dalton  threw  out  novel 
ideas  ;  Lavoisier  and  Berzelius  ela- 
borated great  systems  and  created 
great  schools  which  numbered  many 
converts  and  industrious  workers. 


\ 


the  chemist  was  enormous,  offering  a  large,  almost  limit- 
less, field  of  research  and  speculation.  Let  us  see  under 
what  leading  ideas  this  knowledge  has  been  arranged. 

In  the  gradual  development  and  clearer  definition  of 
these   conceptions  a  general  rule   of  thought  seems  to 
have   unconsciously  guided  philosophers  probably  more 
than  in  any  other  department  of  knowledge.     It  is  the 
rule  of  simpHcity.i     How  the  human  mind  should  have       u. 
arrived  at  the  old  formula  of  "  simplex  sigillum  veri "  is  sl^S^ 
difficult  to  understand  on  any  other  ground  than  that  of  ''^"' 
convenience  and  expediency,    ^he  prevailing  impression, 
indeed,  which  the  world  of  phenomena  makes  on  the  mind 
of  an  unbiassed  observer  must  be  the  very  reverse  of  sim- 
phcity  or  unity  of  law  and  purpose^     That,  nevertheless, 
the  knowledge  of  some  simple  relations  in  time,  number, 
and  space  would  enable  the  human  intellect  to  acquire  a 
considerable  insight  into  the  course  of  events  and  the 
order  of  Nature's  processes  must  have  come  to  philosophers 


^  The  progress  of  chemical  theory 
is   the   history  of  the  attempt  to 
find  simple  relations  of  number  and 
form,    representing    the    countless 
combinations    of    elementary    sub- 
stances ;  and  of  the  growing  con- 
viction  that   nearly  every   simpli- 
fication  must,   in  course   of  time, 
be  abandoned.    No  formula  remains 
unchallenged  except  the  doctrine  of 
fixed  and  fixed  multiple  proportions, 
and  that  only  if  we  confine   our- 
selves to  solid  compounds ;  but  the 
proportions  themselves  are  not  ac- 
curately known,  though  no  pheno- 
menon exists  which  disproves  the 
assumption  that  they  are  invariable. 
The  original  conception  of  the  atom 
as  a  round  hard  body  had  to  be 
abandoned  for  the  more  complicated 

VOL.  L 


notion  of  a  molecule,  an  assemblage 
of  atoms  ;  the  conception  of  elemen- 
tary bodies  had  to  be  amplified  by 
that    of    compound    elements    or 
radicles  ;  the  idea  that  the  atomic 
weights  were  multiples  of  a  lowest 
number  had  to  be  abandoned ;  the 
binary  theory  of  the  combination 
of  bodies  was  replaced  by  tne  theory 
of  radicles,  of  nuclei,  of  types  ;  the 
simple  nature   of    the   elementary 
particles    had    to   give    way    to   a 
complicated  atomicity,  from  which 
there  had  to  be  again  distinguished 
the  valency  or  capacity  of  satura- 
tion  of    the   elementary   constitu- 
ents.    It  is  a  progress  from  simpler 
to  more  and  more  complex  methods 
of  representation. 

2c 
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as  a  kind  of  revelation,  and  it  is  not  surprising  that  it 
came  late  in  the  course  of  civilisation.^ 

Nothing  can  have  tended  more  in  this  direction  than 
the  success  of  the  Newtonian  gravitation  formula,  and  of 
the  simple  laws  of  motion,  which,  at  the  time  of  the  birth 
of  modern  chemistry,  stood  firmly  established  as  the  key 
to  all  problems  of  physical  astronomy.     No  wonder  that 
men  were  on  the  look-out  for  correspondingly  simple — 
perhaps  analogous — relations  in  the  world  of  molecular 
phenomena.     One  of  the  earliest  suggestions,  which  came 
forward  soon  after  Dalton's  atomic  view  had  helped  to 
establish  the  prevailing  rule  of  fixed  and  of  multiple  pro- 
portions in  the  chemical  combinations  and  reactions  of 
matter,  was  the  idea  that,  as  to  each  element  belonged  a 
definite  combining  number,  all  these  numbers  must  be  the 
multiple  of  the  lowest  among  them,  the  equivalent  or 
atomic  weight  of  hydrogen.     This  is  Prout's  celebrated 
hypothesis,   hypothcsis,  which  had  some  ardent  admirers,  and  which 
has  been  repeatedly  abandoned  and  revived  in  the  course 
of  this  century.^     It  is  hardly  possible  to  maintain  it  any 
longer,  since  the  accurate  and  elaborate  measurements  of 


15. 
Prout's 


^  Except  indeed  the  Pythagorean 
notions  are  regarded  as  an  anticipa- 
tion of  it. 

^  The  hypothesis  of  Prout,  pub- 
lished anonymously  in  1815,  and 
warmly  defended  by  Thomson,  has 
been  again  and  again  revived.  From 
the  beginning  it  was  put  forward 
together  with  the  suggestion  that 
the  diflferent  elementary  substances 
might  after  all  turn  out  to  be  all 
derived  from  one  and  the  same 
primary  form  of  matter,  and  that 
the  atoms  of  this  might  in  the 
atoms  of  our  present  elements 
merely  be  aggregated  in  different 
numbers  and  figures,  held  together 
by  forces,  which  by  the  means  and 


processes  at  our  command  could 
not  be  broken  up.  This  primary 
substance  might  then  be  either 
hydrogen,  the  lightest  in  weight  of 
known  substances,  or  some  other 
substance  of  which  hydrogen  itself 
was  an  atomic  multiple.  Abroad, 
Prout's  hypothesis  was  disproved 
by  Berzelius's  accurate  determina- 
tions, in  England  by  Turner's,  and 
about  1830  it  fell  into  oblivion.  It 
was  again  revived  in  1840  by  Dumas, 
who,  as  well  as  his  followers,  Lau- 
rent and  Gerhardt,  favoured  the 
idea  that  the  explanation  of  the 
different  properties  of  chemical  com- 
pounds, notably  organic  compounds, 
was  to  be  found  in  the  arrangement 
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Stas  who  began  with  a  belief  in  the  hypothesis,  led  to  the 
result  that  the  simplicity  supposed  by  Prout's  hypothesis 
to  exist  in  the  ratios  of  weights  which  come  into  play  in 
chemical  processes  has  experimentally  not  been  found  •  it 
does  not  exist  in  reality."  ^  ' 


of   the  elementary  atoms,    in   the 
structure  ratherthan  in  the  material 
difference   of   the   elements   them- 
selves.     The  development  of  this 
view  in  the  modern  chemistry  of 
types"    and    "structures"   will 
always  go  hand  in  hand  with  an 
avowed  or  tacit  belief  in  the  exist- 
ence of  an  ultimate  uniformity  of 
substance,  out  of  which  by  a  diver- 
sity of  configuration  of  atoms  the 
mfanite   variety    of   compounds    is 
produced.     The  accurate  measure- 
ments of  Stas  had  again  about  the 
year  1860  disproved  the  hypothesis 
of  Prout.     It  has,  however,  again 
turned  up  in  recent  scientific  litera- 
ture.     The   theories   of  evolution, 
physical  and  philosophical,  the  dis- 
coveries of  the  spectroscope  regard- 
ing the  small  number  of  elements 
contained  in  the  photosphere  of  the 
sun,   the  periodic  laws   of   Lothar 
Meyer    and    Mendel^eff    and    the 
stereometric  theory  of  the  carbon- 
compounds,  of  which  I  shall  speak 
later    on     all    point    to    the    con- 
clusion that  our  so-called  elements 
are  composite  bodies,  and  favour  a 
view  similar  to  that  of  Prout,  that 
possibly  a   single   kind   of   matter 
may  form   the   only   substance   of 
Which  atoms,  molecules,  elements, 
and  compounds  are  made  up.     Pro- 
fessor Crookes  in  his  address  to  the 
chemical    section    of    the    British 
Association  in  1886  revived  inter- 
est  m   the  subject.      After   quot- 
mg   a   variety    of   authorities,    he 
sums  up:  "From  these  passages, 
which  might  easily  be  multiplied 
It  plamly  appears  that  the  notion— 
not  necessarily  of  the  decomposi- 
bility  but  at  any  rate  of  the  com- 
plexibihty  of  our  supposed  elements 
IS,  so   to   speak,   in   the  air   of 


science,  waiting  to  take  a  further 
and  more  definite  development.     It 
IS  important  to  keep  before  men's 
mmds  the  idea  of  the  genesis  of  the 
elements ;  this  gives  some  form  to 
our  conceptions,  and  accustoms  the 
mind  to  look  for  some  physical  pro- 
duction of  atoms."     Further  on  he 
coins   the    word    "protyle"   (from 
^pccTvand  f^A77)  to  denote  the  original 
kind  of  matter,  and  thus  reminds  us 
that,   though  speculations   of  this 
nature  are  not  infrequent  in  English 
philosophy  since  Roger  Bacon,  the 
i^nghsh  language  has  no  word  to 

?A?*t  ^'^I'^V  *^'^    Germans    call 
Urstoff,"    the    Romans    "prima 
materia,"  the  Greeks  rb  aroiy^hp  or 
simply  0A77.     The  line  of  thought 
which  again  and  again  leads  philo- 
sophers to  speculate  on  this  "prima 
materia  '  and   upon  a  hypothesis 
similar  to  that  of  Prout  is  interest- 
ing and  noteworthy,  though  it  must 
be  acknowledged  that,  so  far,  no 
real  scientific  benefit  has  been  de- 
rived from  it,  and  that  it  rather 
tends  to  upset  the  only  firm  founda- 
tion of  modern  chemistiy,  the  fixity 
ot  the  equivalent  proportions  as  we 
now  use  and  know  them.     Mende- 
J^eff  himself,  in  his  excellent  Fara- 
day lecture   on    the   periodic  law 
(Journal  of  the  Chemical  Society.' 
1889,  p.  634,  &c.)  distinctly  refuses 
to  recognise  any  connection  between 
the  periodic  law  and  the  idea  of  an 
unique  matter. 

<t\^^^V  quoted  by  Ostwald, 
i^ehrbuch  der  Allgemeinen  Chemie  ' 
vol.  1.  2nd  ed.,  Leipzig,  1891,  p.  129. 
Ihe  revival  of  the  hypothesis  of 
Prout  about  the  middle  of  the  cen- 
tury was  owing  to  the  discovery  by 
Dumas  and  Stas  of  the  fact  that 
Berzelius's    figure,    12-20,   for   the 
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Prout's  simple  but  incorrect  assumption  belongs  to  the 
age  which  witnessed  the  decomposition  of  many  com- 
pounds into  their  two  constituents  by  Davy's  successful 
use  of  the  galvanic  battery,  at  the  poles  of  which  the 
two  elements  of  substances  made  their  separate  appear- 
ance. Substances  which  had  always  been  considered 
as  elemental  and  permanent,  such  as  many  oxides  and 
earths,  came  to  be  ranged  among  the  list  of  binary  com- 
pounds. This  lent  plausibility  to  the  idea  that  even  the 
supposed  elements  themselves  might  ultimately  prove  to 
be  aggregates — differing  in  number  and  figure — of  the 
elementary  particles  of  one  and  the  same  primary  sub- 
stance. Though  with  Prout's  hypothesis  this  view  has 
been  repeatedly  held  and  refuted,  another  theory — recom- 
mended likewise  by  its  simplicity — had  its  origin  in  the 
discoveries  of  Davy,  and  the  further  development  of  them 
by  Berzelius.  This  is  the  so-called  electro-chemical  or 
binary  theory  of  chemical  compounds.  The  dual  combina- 
tion of  one  elementary  substance  with  another,  and  again 
of  two  dual  compounds  with  each  other,  and  so  on, 
even  to  the  most  complicated  compounds,  was  to  be  the 
simple   type   of   chemical   combination.      This   view,  so 


atomic  weight  of  carbon,  taking 
oxygen  as  16,  was  incorrect.  An 
account  of  the  long  series  of  deter- 
minations of  this  important  con- 
stant will  be  found  in  the  same 
work,  p.  82,  &c.  I  believe  that  in 
the  first  edition  of  this  work  will 
also  be  found  the  first  consistent 
attempt  to  introduce  into  chemical 
data  an  estimate  of  the  degree  of 
accuracy  or  the  amount  of  error 
which  attaches  to  our  knowledge  of 
the  constants  of  nature  and  the  so- 


called  laws  of  phenomena.  This 
consideration,  so  familiar  to  astron- 
omers, was,  I  believe,  quite  over- 
looked in  many  of  the  best  hand- 
books during  the  earlier  half  of  our 
century,  and  it  is  even  yet  hardly 
touched  upon  in  the  ordinary  text- 
books. The  result  is  an  entirely 
erroneous  impression  produced  on 
the  popular  mind  as  to  the  degree 
of  certainty  which  belongs  to 
scientific  statements. 


simple  and  plausible,  governed  research  for  a  long  period, 
but  has  finally  been  abandoned  as  insufficient.^ 

Another  blow  was  dealt  at  the  simple  theory  by  which  Discovery  of 

isomerism. 


^  The  electro-chemical  theory  of 
Davy  and  Berzelius  was,  after  about 
fifteen  years  of  development,  during 
which  period  the  use  of  the  signifi- 
cant   terms    electro  -  positive    and 
electro-negative  was  not  consistent, 
finally  enunciated  by  Berzelius  in 
1818  in  his  'Essay  on  the  theory  of 
Chemical  Proportions  and  on  the 
.  Chemical    Action    of    Electricity.' 
From  that  time  it  reigned  almost 
supreme   for   twenty   years,   when 
both    physical    and    chemical    dis- 
coveries began  to  show  its  insuffici- 
ency.    A  very  concise  account  of  it 
is  given  in  Kopp's  '  Entwickelung 
der  Chemie,'  and  in  E.  von  Meyer's 
•  History  of  Chemistry,'  translated 
by   M'Gowan    (Macmillan    &    Co., 
1891).     Berzelius  clung  to  it  to  the 
last,  and   at   the  present  moment 
there  exists  a  widespread  opinion 
that  the  future  will  see  a  revival 
and    modified    acceptance    of    the 
Davy  -  Berzelius    theory.     In    rela- 
tion to  this  Helmholtz's  celebrated 
Faraday  lecture  of  the  year  1881 
should  be  read  (see  the  reprint  in 
Helmholtz's  'Vortrage  und  Reden,' 
vol.  ii. )    The  peculiarity  of  the  elec- 
tro-chemical theory  was  that  it  was 
an  atomic  theory  as  well  as  a  theory 
of  chemical  affinity.     When  it  was 
abandoned,   the    two    distinct    in- 
terests,   that    of    developing    the 
atomic  view,  so  as  to  give  a  correct 
description  of  the  constitution  of 
chemical  compounds  and  reactions, 
and  that  of  giving  an  explanation 
of  chemical  affinity,  fell  for  a  time 
asunder.     The  former  interest  pre- 
ponderated, owing  mainly  to  two 
reasons,   the    one    theoretical,   the 
other    practical.      The    theoretical 
reason  was  the  need  of  a  different 
method  of  systematically  arranging 
the  chaos  of  new  organic  compounds 


with     which     chemistry     became 
crowded    about     the    year    1840. 
Berzelius  had  created  the  nomen- 
clature and  notation  of  chemistry ; 
but  this  proved  insufficient  to  de- 
scribe and  grasp  the  processes  and 
products  of  the  many  carbon  com- 
pounds.   The  practical  reason  which 
cast  into  the  background  the  study 
of  chemical  affinity  and  its  nature 
was  the  growing  demands  of  manu- 
facturing    chemistry.      This     was 
during    a    long     period     occupied 
mainly  with  the  analysis  and  syn- 
thesis of  new  products,  or  with  new 
and  simpler  methods  for  producing 
well-known  compounds.    The  study 
of  reactions  and  of  the  products  of 
bodies  was  practically  of  more  in- 
terest than  that  of  the  forces  which 
governed  them.     The   question  of 
the  cost  of  producing  chemical  pro- 
ducts was  for  a  long  time  a  second- 
ary one.     Towards  the  end  of  our 
century  both  theoretical  and  prac- 
tical   considerations    forced    upon 
chemists  the  necessity  of  making 
themselves    acquainted    with    the 
difierent  forms  of  energy  which  are 
at  our  command  in  chemical  as  well 
as   in   mechanical  operations,   and 
this  has  led  to  a  renewal  of   the 
study  of  chemical  and  mechanical 
energy,  and  of  the  nature  and  laws 
of  chemical  affinity.     Economy  in 
practical  chemistry  can  be  divided 
into  two  branches  :  the  economy  of 
materials     and     the     economy    of 
energy.     The  great  developments 
in  the  course  of  this  century  have 
consisted  largely  in   utilising    by- 
products and  in  avoiding  waste  of 
substance.     We  are  now  only  ap- 
proaching   the    second    problem  : 
how  to  put  the  energy  which  is  at 
our  command  to  the  best  use. 
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Berzelius  united  Dalton's  and  Davy's  researches  into  a 
comprehensive  system   of  chemistry.      The   identity  or 
difference  of  chemical  substances  seemed  in  the  early  part 
of  the  century  to  be  fixed  by  the  constituent  elements  and 
their  quantitative  proportions  determined  by  a  qualitative 
and  quantitative  analysis.     This  simple  view  had  to  be 
abandoned  when  Wohler  in  1823,  Liebig  in  1824,  and 
Faraday  in  1825  found  that  entirely  different  qualities, 
indicating  a  different  constitution,  could  belong  to  bodies' 
having  the  same  elements  in  the  same  numerical  propor- 
tions.^     The  composition  of  a  compound  had  to  be  dis- 
tinguished from  its  constitution,  the  elementary  from  the 
constituent  analysis  and  formula.     It  took  forty  years 
before  the  great  variety  of  views  which   were  brought 
forward  with  the  purpose  of  explaining  how  composition 
and  constitution  of  the  same  aggregate  of  elements  might 
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,,_   T^is    phenomenon    is    termed 
^  Isomerism,"  from  the  Greek  word 
KTOfxfp-fjs,  which   signifies    *' having 
equal  parts."     The  term  was  intro- 
duced by  Berzelius  in   1830,  after 
he  had  satisfied  himself  that  com- 
pounds   existed,    differing    widely 
m  their  properties,  which  contain 
the  same  constituent  elements  in 
the   same   proportions,   and  which 
combine  with  other  bodies  in  the 
same  proportions  to  form  neutral 
salts.     This  he  found  to  be  the  case 
with    racemic  "  and  "  tartaric  "  acid. 
Up  to  that  time  he  had  hesitated 
in  accepting  the  growing  evidence 
that  equal  constituents    in    equal 
proportions     did     not     constitute 
1  oo°o**^^.^^  compounds.     Wohler  in 
182d  and  Liebig  in  1824  had  found 
the  same  numerical  composition  for 
cyanate"    and    "fulminate"    of 
silver.     In  1825  Faraday  found  two 
hydrocarbons  which  contained  the   , 
same   proportions    of    carbon    and 


hydrogen,  but  showed  totally  differ- 
ent   properties,    such    as    unequal 
density  in  the  gaseous  state.     Two 
oxides  of  tin,  having  the  same  com- 
position, were  also  known,  and  two 
modifications  of  "  phosphoric  acid." 
The  explanation  of  these  anomalies 
caused   Berzelius   much   difficulty. 
He    resorts    to    the    notion    of    a 
difference  of  grouping  of  the  con- 
stituent atoms.     '*The  isomerism 
of  compounds,"  he  says,  "in  itself 
presupposes   that  the'  positions  of 
the  atoms  in  them  must  be  differ- 
ent "  (see  E.  von  Meyer,  '  History 
of  Chemistry,'  p.  238).     A.  Rau  in 
his  'Theorien  der  modemen  Chemie' 
(3   parts,  Braunschweig,    1877-84) 
gives  in  the  appendix  to  the  third 
part  a  detailed  history  of  isomerism. 
He  denies  that  Berzelius  refers  to 
the  different  position  of  atoms  in 
order  to  explain  isomerism  ;  he  at- 
tributes this  suggestion  to  Dumas 
in  1833. 


differ,  could  be  approximately  brought  into  line  and  order. 
This  period  was  filled  by  the  development  of  the  chem- 
istry of  organic  compounds.     The  chemical  substances       ir. 
which  make   up  the   framework   and  numerous  tissues  ^hfSry. 
of  all  living  beings,  the  juices  and  products  of  vegetable,     ' 
the  food  and  the  excreta  of  animal  organisms,  consist 
mostly  of  a  few  elementary  bodies,  combined  according 
to  numbers  which  are  highly  complex  and  unintelligible. 
Most  of  these  compounds,  if  removed  from  the  organism 
which  contained  them,  proved  to  be  subject  to  rapid  de- 
composition.     An  increasing  number  of  stable  compounds, 
however,  were  in  course  of  time  prepared  from   thesJ 
residues,  and  these  formed  especially  the  subject  of  organic 
analysis.      Already  Lavoisier  had   indicated  how  some 
system  might  be  brought  into  the  apparent  complexity 
of  these  organic  bodies ;  and  this  view  was  adopted  by 
Berzelius  and  incorporated  in  his  dual  or  binary  system.^ 


Kopp's  account  of  the  develop- 
ment of  Berzelius's  views  on  organic 
compounds  is  most  interesting  and 
instructive.      As  late   as   1814   he 
could  not  reconcile  the  composition 
of  organic  acids,  such  as  oxalic  acid, 
with  the  atomic  theory  ;    but  re- 
newed efforts  and  improved  methods 
of  analysis  taught  him  in  the  fol- 
lowing   years    how    to    apply    the 
atomic  formulae  to  the  description 
of    such    compounds.       "He    was 
the   first   to  show  the   only  right 
road  to  inform  ourselves  regarding 
the  constitution   of  these    bodies, 
the  method,  namely,  of  analysing 
their  combinations  with  inorganic 
substances  of  known  atomic  weight. 
...   He  had  also  a  great  share  in 
establishing  the  view  that  the  ratios 
of   combinations   in   organic    com- 
pounds   are    analogous     to     those 
of  morganic  substances,   and  that 


theories  of  the  former  must  begin 
by  comparing  them  with  the  lat- 
ter "  ('  Geschichte  der  Chvimie,'  vol. 
1.  p.  398 ;  cf.  also  '  Die  Entwickel- 
ung  der  Chemie,'  p.  532,  &c.)     To 
Berzelius  is  thus  due  more  than  to 
any  other  man  the  breaking  down 
of  the  barrier  which  had  before  his 
time  divided  the  chemistry  of  or- 
ganic  from  that  of  inorganic  sub- 
stances.    For  a  considerable  time 
Berzelius  did  not  look  upon  organic 
compounds  as  binary— in  fact,  in 
1814  he  assumed  that  the  difference 
between  organic  and  inorganic  com- 
pounds lay  in  this,  that  the  latter 
were  all  binary,  whereas  the  former 
were  ternary  or  quaternary.     The 
French  chemists,  under  the  influ- 
ence of  Lavoisier's  oxygen  theory, 
favoured  the  binary  view,  and  this 
was   much   strengthened   by   Gay- 
Lussac's  researches  on  cyanogen  (in 
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It  was  supposed  that  the  simple  and  well-known  elements 
of  these   bodies  might   have   the  property    of   forming 
primarily   combinations   which   were    more    firmly   knit 
together  than   others,  that  these   primary  combinations 
might  then  as  it  were  take  the  place  of  elements  and 
act  like  them,  forming  with  others  of  similar  constitution, 
or  with  the  simple  elements  themselves,  more  complex 
compounds.      In   these   higher  compounds    they   might 
behave  like  elementary  bodies,  entering  into  and  being 
expelled  from  them  in  their   own  proper  combinations 
without  being  broken  up  into  the  ultimate  elementary 
constituents.     One  of  the  functions  of  the  living  organism 
was  by  the  action  of  the  vital  forces  to  produce  these 
primary   compounds   or  complex   atoms.      It   was   thus 
thought  that  as  inorganic  bodies  were  made  up  of  con- 
stituents which  were  elements,  so  organic  bodies  were 
made  up  of  constituents  which  were  themselves  partly 
compounds.     A  new  term   had  to  be   coined  for  those 
constituents    which    might    comprise    both    elementary 
bodies    and    these    primary   compounds   which    behaved 
Hke  elements  in  organic  substances.     This  was  the  term 
"  Eadicle."     A  radicle  might  be  an  element  or  a  com- 
pound.^    Tor  a  long   time  it   was   thought   that   these 
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1815),  a  compound  of  carbon  and 
nitrogen,  which  was  shown  to  behave 
like  an  element.  Ampere  in  the 
following  year  showed  how  the  salts 
of  ammonia  could  be  brought  into 
line  with  the  salts  of  other  al- 
kalies by  considering  them  to  con- 
tain a  compound  element  (consist- 
ing of  nitrogen  and  hydrogen)  in 
place  of  a  simple  element.  In  his 
celebrated  essay  of  1818  Berzelius 
defines  organic  acids  as  binary 
compounds  of  oxygen   with   com- 


pound elements  or  radicles  (Kopp, 
•  Geschichte  der  Chemie,'  vol.  iv.  d. 
269).  ^ 

^  The  term  "radicle,"  to  desig- 
nate the  principal  constituent  of  a 
compound,  was  used  as  far  back  as 
1787  in  the  discussions  through 
which  the  French  chemists  reform- 
ed the  nomenclature  of  chemistry 
(Kopp,  'Geschichte,'  &c.,  vol.  iv. 
p.  266).  It  acquired  a  more  defi- 
nite meaning  about  the  year  1835, 
when  Liebig,  in  common  with  Ber- 


complex  radicles,  as   distinguished    from   the   elements, 
were  produced  mainly— if  not  exclusively— in  the  organ- 
ism of  the  plant  or  of  the  animal.     Liebig  himself,  who       i8. 
favoured  this  view,  and  who  first  brought  organic  chem-  fi^^n  ot" 
istry  in   its   application   to  agriculture   and  physiology  chStry. 
under  the  notice  of  a  large  circle  of  readers,  introduced 
this  branch  of  the  subject  with  the  designation  of  the 
chemistry   of  compound   radicles,   inorganic   or   mineral 
chemistry  being  termed  the  chemistry  of  simple  radicles. 
The  radicles  were,  according  to  Liebig,  the  true  elements 
of  organic  chemistry.     The  binary  system  of  Berzelius 
received  another  attack   led   by  the   celebrated  Trench 
chemists  Laurent  and  Gerhardt,  with  whom  Dumas  tem- 
porarily allied  himself.     It  was  about  the  year  1840  that 
the  idea  of  "  substitution  "  entered  the  list  of  formula 
by  which  chemical  philosophers  attempted  to  systematise  'on 
and  simplify  the  ever-growing  number  of  definite  com- 
pounds, supplied   mainly  by  organic  analysis.^     It  was 


19. 

Substitu- 


zelius  and  with  Dumas,  established 
what  is  now  called  the  older  radicle- 
theory  of  organic  compounds.     As 
Kopp   has   shown   (*  Entwickelung 
der  Chemie,  p.  576,  &c.),  it  remained 
undecided    at  that    time   whether 
these  organic   radicles   had   actual 
existence,   or    whether    they   were 
merely  a  convenient  symbolism,— 
whether  they  could  be  isolated,  like 
cyanogen,  or  whether  they  existed 
only    in    combinations,  —  whether 
they  were  fixed  and  unchangeable, 
or  whether  they  could  themselves 
be  converted  one  into   another,— 
whether  the  same  compound  could 
be  referred— for  convenience  sake 
—to  more  than  one  constituent  rad- 
icle.   *  ♦  By  most  chemists  the  defini- 
tion of  organic  chemistry  given  by 
Liebig  ('  Organic  Chemistry,'  1843) 


was  adopted,  that  it  was  the  chem- 
istry of  compound  radicles;  .  .  . 
that  these  radicles  really  existed 
in  the  compounds  as  definite  con- 
stituents; and  if  it  was  then  said 
that  these  radicles  were  mostly 
hypothetical,  this  was  understood 
as  meaning  that  some  of  them  were 
known  in  the  free  state,  others  not " 
(p.  581). 

^  Even  before  that  time  the  views 
of  many  eminent  chemists  had  been 
greatly  influenced  by  the  discoveries 
and  experiments  of  two  great  na- 
tural philosophers  of  this  country 
who  kept  themselves  free  from  the 
theoretical  considerations  which  had 
led  Berzelius  in  the  elaboration  of 
his  electro-chemical  and  binary  sys- 
tem. These  were  the  researches  of 
Davy  regarding  the  so-called  hydro- 
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found  that  one  or  more  atoms  in  an  organic  compound, 
notably  of  hydrogen,  might  be  replaced  by  an  equal 
number  of  atoms  of  other  elements,  and  that  such  pro- 
ducts of  substitution  retained  similar  qualities,  and  could 
be  mutually  converted  into  each  other,  the  type  of  the 
compound  remaining  the  same.  The  process  of  substitu- 
tion led  to  the  conception  of  "  Types,"  which  remained 
the  same  whilst  the  individual  compounds  varied  ac- 
cording to  the  different  elements  which  were  introduced. 


gen  acids  of  chlorine,  bromine,  and 
iodine,    and   the    investigations   of 
Graham  into  the  salts  of  phosphoric 
acid  and  its  different  modifications. 
Davy,  though  together  with  Ber- 
zelius  the  founder  of  the  electro- 
chemical theory,  had  found  it  neces- 
sary to  modify  the  oxygen  theory 
of  Lavoisier — viz. ,  that  oxygen  was 
necessarily   the   acid  -  forming  ele- 
ment :   he,  and  after  him  Dulong 
in  France,   had   explained  the  so- 
called  oxygen  acids  like  sulphuric 
acid    as    hydrogen    compounds    of 
certain    compound    radicles    (SO4) 
exactly  as   hydrochloric   acid   is   a 
hydrogen  acid  of  the  simple  radicle 
chlorine.       Graham's   discovery   of 
three   modifications   of  phosphoric 
acid,  and  of  the  different  power  of   ! 
saturation  of  these  three  modifica-   j 
tions,  led  to  long  discussions  as  to 
what  is  really  meant  by  a  neutral 
salt.     Liebig  in  the  year  1838,  in 
an  important  memoir  gathering  to-    ' 
gether  the  conclusions  which  these 
facts,    not   easily   reconciled    with 
Berzelius's  system,  had  led  him  to, 
emphasised  there  the  twofold  pos- 
sibility of  regarding  metallic  salts 
either    with    Berzelius    as    binary 
combinations    of   oxides    with   an- 
hydrous acids,  or  else  as  products 
of   substitution  of  hydrogen  com- 
pounds,  hydrogen    being   replaced 
by  metals.    The  choice  might  then 


depend  on   considerations   of  con- 
venience :   the  one  view  might  be 
more  suitable  for  inorganic — notably 
metallic — compounds,  the  other  for 
organic  compounds.     The  hydrogen 
theory  was  thus  introduced  along- 
side of  the  oxygen  theory  ;  substi- 
tution was  introduced  alongside  of 
simple    combination.      Though    in 
this  stage  the  radicle  theory  was 
already  threatened,  it  was  still  pos- 
sible to  uphold  the  binary  theory, 
though  it  was  not  necessary.     Chlo- 
rine could  act  in  the  same  way  as 
oxygen,  being  an  electro  -  negative 
element.     But  when,   in  pursuing 
the  line  of  investigation  opened  out, 
it   was    found    that   chlorine,    the 
electro-negative  element,  could  take 
the  place  of  hydrogen   in  organic 
compounds  without  changing  their 
chemical     character,     the     binary 
theory,  based  upon  polar  (electri- 
cal) contrasts,   became   insuflficient 
as  a  means  of  explanation  or  even 
of  classification.      Dumas  was  the 
first  to  indicate  this  (1834),  though 
he  attempted  to  save  the  electro- 
chemical or  polar  theory  by  stating 
that  the  two   electrically  opposite 
constituents    of   an    organic    com- 
pound   might    contain    the    same 
elements  in  the  opposite  electrical 
positions  (Kopp,  *  Entwickelung  der 
Chemie,'  pp.  564,  595,  &c.) 


Whilst  the  "  Eadicle "  theory  of  Berzelius  and  Liebig 
sought  to  simplify  the  study  of  chemical  compounds  by 
reducing  them  to  a  definite  number  of  complex  atoms,  the 
"  Type  "  theory  of  Laurent  and  Gerhardt  sought  to  attain  20. 
the  same  object  by  establishing  a  small  number  of  simple  ?Sy. 
formulae,  corresponding  to  well-known  simple  substances, 
under  which  the  vast  number  of  organic  compounds  could 
be  grouped.^     The   conception   of  a  "type"   exhibiting 


^  The  type  theory  was  slowly  and 
hesitatingly     developed.      Dumas, 
whose  researches  about  1835  pre- 
pared   the    way,    did    not    himself 
draw  the  immediate  consequences  ; 
this  was  done  by  Laurent,  "who 
maintained  that  the  structure  and 
chemical  character  of  organic  com- 
pounds are  not  materially  altered 
by  the  entrance  of  chlorine  and  the 
separation    of    hydrogen"    (E.    v. 
Meyer,   '  History  of  Chemistry,'  p.' 
261).     Laurent  then  elaborated  his 
theory  of  "Nuclei."     They  remind 
one  of  Berzelius's  and  Liebig's  radi- 
cles.    The  nuclei  were  the  ground- 
work of  organic  compounds;  they 
were  not  unalterable  as  the  radicles 
had  been  considered  to  be.    Dumas, 
who  at  first  repudiated  Laurent's 
ideas,    was    later   on,    through   his 
own  experimental  discoveries,  led  to 
adopt  similar  views.    The  "  radicle," 
as  the  permanent  constituent  in  or- 
ganic compounds— corresponding  to 
the  elements  in  inorganic  chemistry 
—had  given  way  to  the  changeable 
nucleus,   which  only  preserved   its 
form;   the  unchangeable  principle 
was  found  in  the  form,  the  structure 
or  type,  instead  of  in  the  substance   ' 
of  the  simple  or  composite  cousti-   ! 
tuents.     This  led  to  an  extensive  : 
study   of    the   forms    of    chemical 
compounds— as  expressed  by  their 
formulas,  and  apart  from  the  study 
ot   the  properties   of    the   original 
constituents.    Types  were  invented. 


frequently  in  a  somewhat  arbitrary 
manner.     "  The  ultimate  result  was 
that  an  empty  scheme  of  formula- 
tion carried  the  day  over  what  was 
really  good  in  this  doctrine"  (ibid., 
p.  264).     "The  unitary  conception 
was  to  step  into  the  place  of  the 
dualistic.  .  .  .  Every  chemical  com- 
pound forms  a  complete  whole,  and 
cannot    therefore    consist    of    two 
parts.      The  chemical  character  is 
dependent  primarily  upon  the  ar- 
rangement   and    number    of    the 
atoms,  and  in  a  lesser  degree  upon 
their  chemical    nature"   (p.    265). 
This  is  the  beginning  of  the  second 
great  step  which  was  taken  in  the 
elaboration  of  the  atomic  view  of 
matter  and  nature.  The  atomic  view 
first  became  a  scientific  instrument, 
when    arithmetical    relations   of   a 
definite  and  unalterable  kind  were 
suggested  and  proved  to  exist;  it 
became  a  yet  more  useful  instru- 
ment,   when    to    the    arithmetical 
there  were  added  geometrical  con- 
ceptions.     Position,    arrangement, 
and     structure     are      conceptions 
which  involve  ideas  of  distance  and 
space.     It  is  true  that  for  a  long 
time  these  terms  were  used  merely 
symbolically;   the   ultimate  conse- 
quences  of    such    conceptions   can 
however  not  be  avoided.     The  his- 
tory  of    chemical    theory    in    the 
second  half  of  the  nineteenth  cen- 
tury is  a  proof  of  this. 
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certain  stable  qualities  with  a  multitude  of  changing 
varieties  was  a  notion  familiar  to  other  branches  of  natural 
history.  The  idea  of  substituting  one  element  for  another 
gave  the  death-blow  to  the  theory  of  Berzelius,  which 
assumed  that  elements  paired  with  each  other,  according 
to  some  polar  contrast.  It  was  found,  for  instance,  that 
the  element  chlorine,  which  stood  on  one  side  of  the 
scale— the  electro-negative— could  take  the  place  of  the 
opposite  electro-positive  element  hydrogen. 

In  the  course  of  time  the  conception  of  types  was  much 
changed,  and  became  more  and  more  complicated ;  it  had 
however  the  effect  of  finally  destroying  the  binary  view  of 
chemical  composition,  and  restoring  in  its  place  the  older 
unitary  conception. 

All  these  attempts  to  simplify  the  study  of  chemical 
compounds,  by  reducing  them  to  simple  or  complex  ele- 
ments, or  to  pairs  of  simpler  combinations,  or  by  ranging 
them  according  to  types,  were  useful  in  many  ways  in 
extending  the  knowledge  of  bodies,  in  indicating  new 
methods  of  inquiry,  and  in  suggesting  instructive  experi- 
ments :  1    none  of  them  were  universally  accepted  in  the 


^  About  that  time  — so  far  as 
chemistry  proper,  i.e.,  the  study  of 
compounds  and  of  reactions  was 
concerned— there  existed  two  main 
currents  of  thought,  the  most  illus- 
trious  and  influential  representa- 
tives of  which  were  Kekul^  (1829- 
96,  first  professor  at  Ghent,  then 

/To?o  }oT^  ^^  ^^°°)'  ^°d  Kolbe 
(1«18-1884,  first  professor  at  Mar- 
burg, then  since  1865  at  Leipsic). 
As  teachers  and  centres  of  aca- 
demic influence,  though  in  difier- 
ent,  frequently  opposite  directions, 
these  two  eminent  men  continued 
the  work   started   in  Germany  by 


Liebig,  Wohler,  and  Bunsen.     To 
them  as  a  third  can  be  added  the 
name  of  A.  W.  von  Hofmann  (1818- 
1892),    who,    through    his    twenty 
years' residence  in  London,  did  much 
to  introduce  a  knowledge  of  German 
chemistry    and    German    teaching 
methods  in  England,  and  who  from 
1865  established  the  modern  Berlin 
school  of  chemistry.     It  would  be 
impossible  to  enter  here  into  details 
as  to  how— mainly  through  the  influ- 
ence of  these  three  men— the  work 
begun  by  Liebig  and  Wohler  was 
extended,  and  how  especially  also 
the  great  development  of  chemical 


middle  of  the  century.^     It  thus  happened  that  a  variety       21. 

n.  ,  i'ij_i-«i  .  1  Uncertainty 

01  Circumstances  com  pined  to  bring  into  prominence,  and  in  chemical 

.  theory  about 

subsequently  into  general  acceptance,  the  modern  view  of  the  middle 

01  ull6  ecu* 

tury. 


industry  in  Germany  was  brought 
about ;  a  creation  almost  as  charac- 
teristic of  German  intellect,  and 
probably  more  lastingly  beneficial, 
than  the  political  changes  which 
mark  the  same  period  in  history. 
More  important  for  a  history  of 
Thought  is  it  to  note  how  Kolbe 
attached  himself  to  the  school  of 
Wohler  and  Berzelius,  and  tried  to 
preserve  the  continuity  of  thought 
in  developing  the  fruitful  ideas  con- 
tained in  the  writings  of  the  latter. 
"He  united  the  conclusions  from 
his  own  researches  with  the  declin- 
ing theory  of  Berzelius  ;  he  endued 
the  latter  with  new  life  by  throw- 
ing aside  whatever  of  it  was  dead, 
and  replacing  this  by  vigorous 
principles.  From  his  own  and  other 
investigations  he  came  to  the  con- 
clusion that  the  unalterability  of 
radicles,  as  taught  by  Berzelius, 
could  no  longer  be  maintained,  since 
the  facts  of  substitution  had  to  be 
taken  into  account."  He  especially 
developed  Berzelius's  idea  of  paired 
compounds.  (See  E.  v.  Meyer's 
*  History  of  Chemistry,'  p.  295.) 
Kolbe's  joint  work  with  Frankland 
was  of  the  greatest  importance  to 
science.  The  influence  of  Kolbe 
was  also  largely  of  a  polemical 
nature,  inasmuch  as  he  and  some 
others,  notably  F.  Mohr  (whose 
name  will  have  to  be  mentioned  in 
a  later  chapter),  protested  energeti- 
cally against  the  formal  character 
of  much  of  the  writings  and  work 
produced  by  the  French  school 
which  opposed  the  views  of  Ber- 
zelius. This  school,  of  which 
Dumas,  Laurent,  and  Gerhardt 
were  the  founders,  and  which 
exerted  a  very  marked  and  beneficial 
influence  through  the  teaching  and 
the  finished  literary  productions  of 


Wurtz  (1817-84),  was  closely  allied 
with  the  school  of  Kekule  in  Ger- 
many, who  indeed  began  by  logi- 
cally developing  Gerhardt's  ideas, 
being  afterwards  led  to  special  views 
and  methods  of  his  own,  through 
which  he  became  the  real  founder 
of  the  so-called  structural  formulae, 
and  of  the  doctrine  of  the  linking 
of  atoms.  I  must  here  especially 
record  my  indebtedness  to  the  ad- 
mirable historical  essays  of  Wurtz 
('  Th^orie  atomique,'  7™«  ed.,  1893, 
and  '  History  of  Chemical  Theory,' 
transl.  by  Watts).  For  clearness 
and  elegance  of  style,  they  are 
quite  as  marked  as  are  Kopp's 
historical  works  for  breadth,  im- 
partiality, and  philosophical  in- 
sight. 

^  The  adherents  of  the  theory  of 
substitution  and  types,  sometimes 
called  the  "modern,"  also  the 
"French,"  school,  urged  against 
the  followers  of  Berzelius,  which 
adhered  to  the  "  electro -chemical " 
or  "radicle"  view,  that  since  an 
electro -positive  element  could  be 
replaced  by  a  contrary  one,  there 
was  no  sense  in  upholding  the 
polar  difference.  They  pointed  out 
that  organic  substances  were  not 
electrolytic  ;  and  they  criticised  the 
artificial  invention  and  multiplica- 
tion of  new  radicles  which  had  no 
real  existence,  as  arbitrary.  On 
the  other  side,  the  followers  of 
Berzelius  objected  to  the  entire 
ignoring  by  the  new  school  of 
the  really  existing  electro -chemi- 
cal diflFerences,  and  reproved  them 
for  having  destroyed  the  connec- 
tion between  organic  and  inorganic 
chemistry,  and  for  having  intro- 
duced a  purely  formal  systematisa- 
tion  according  to  merely  externa 
diff*erences.      They  rightly   upheld 
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the  atomicity  >  or  ^^  valency  "  of  chemical  substances- 
be  they  elements  or  compounds.  This  most  rScent  de- 
velopment  of  chemical  systematisation  originated  in  Eng- 
land, whereas  the  "  radicle  "  theory  belonged  more  to  the 

the  view  that  an  understanding  of 
chemical  reactions  must  ultimately 
depend  upon  a  study  of  the  nature 
and  degree  of  chemical  affinity,  and 
mamtained  that  so  far  the  co^nec 
tion  of  chemical  with  electrolytic 
phenomena  afforded  the  onlv  clue 
to  the  comprehension  of  the  nature 
thJ.     Ti  affinity.      The  atomic 
theory   had   now   absorbed   all   in- 
terest, to  the  detriment  of  a  phyai- 

aa  BerthoUet  had  attempted.  It 
was  held  that  by  igucfring  the 
electro  -  chemical  differences,  the 
modem  "  school  lost  the  only  re 
maining  chance  of  explaining,  and 
not  merely  classifying,  chemicfl  phe 
nomena.  A  good  exposition  of  the 
latter  argument  will  be  found   in 

nen  Chemie. 

^  The  number  is  small  of  the  Eng- 
lish names  which  about  the  middle 
of  this  century  figured  prominently 
m  the  discussions  by  which,  in  the 
German     and    French     annals     of 
science,  correcter  views  on  the  con- 
stitution   of    chemical    compounds 
were  gradually  elaborated.     Kane's 
work  was  overlooked,  but  William- 
son,  Odling,   and   Frankland   have 
had  a  very  marked  influence  ;  and 
a^  111  so  many  other  sciences,  pionee^ 
work  in  modern  chemistry  w^  done 
n  this  country,  notably  by  Frank- 

England  in  1837,  ^vrote  to  Wohler  • 

.n^  ^^l'^!f  "^"^^  England,  Ireland,' 
and  Scotland  in  all  directions,  have 
seen  much  that  is  astonishing,  but 
have  learnt  little  :  whence  i.  Scien- 
tific knowledge  to  come  in  England, 
as  the  teachers  are  so  inferior  i 
Among  older  men,  Thomson  is  stili 
the  ^ best;    among    younger    men, 
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Graham  :  modest  and  unassuming, 
he  makes  the  most  beautiful  dis! 
coyenes  Nevertheless,  a  splendid 
nation,  &c.  &e.  (•  Liebig's  und 
WohlerV.  BriefwechseV  vol.  i.  p 
113.)  From  what  I  stated  above 
chapter  m.    p.  296,  &c.).   we  are. 

hTAT'-J^"''^.P'^P^^^^l    t«    find 
that  the  idea  which  more  than  any 

other  has  brought  some  order  and 
system  into  modern  chemical  theory, 
and  which  has  united  the  diverg- 
mg  currents  of  the  foreign  schools, 
has  come  from  England.      Frank- 
land   more    than   any   other   must 
be    looked    upon    as    the    origina- 
tor of   the  modern  theory  of   the 
atomicity   or   valency   of   chemical 
elements     and     compounds.      The 
history  of   this  conception  can  be 
well   studied   in   the   collection   of 
scientific  papers  which  he  published 
with  valuable  introductions  in  1877 
(  Experimental  Researches  in  Pure, 
Applied,  and  Physical  Chemistrv  ' 
London,    van    Voorst).      His     re- 
searches commenced  in  those  years 
when  great  confusion  existed  in  or- 
ganic chemistry,  "  when  the  wildest 
theories  of  the  constitution  of  or- 
ganic compounds  created  but  little 
surprise  ;  the  assertion,  for  instance, 
that  an  atom  of  carbon  was  united 
with  four  atoms  of  hydrogen  and 
two  of  chlorine  would  scarcely  have 
been  considered  intrinsically  impro- 
bable, and  certainly  not  impossible  " 

i^l  K  V-  P-  ^^^-  ^^^  '^^a  existed 
that  bodies  could  enter  into  combin- 
ation with  other  bodies,  notably  or- 
ganic radicles,  and  could  still  retain 
in  such  combination  their  original 
attinities  unimpaired  ;  a  new  term, 
that  of  "conjugate,"  "copulated,- 
^  T?"^  \  compounds,  had  been 
invented  and  adopted  by  Berzelius. 


German,  and  the  "  type  "  theory  to  the  French,  school  of 
chemists.  But  the  idea  of  the  "  atomicity  "  and  "  valency  " 
or  saturating  capacity  of  the  element  of  any  substance  was 
not  possible  without  the  clear  notion  of  the  "  molecule  " 
as  distinct  from  the  "  atom."  This  idea  had  lain  dormant 
in  the  now  celebrated  but  long  forgotten  law  of  Avogadro, 
which  was  established  in  the  year  1811,  almost  immedi- 
ately after  the  appearance  of  Dalton's  atomic  theory. 

The  atomic  theory  may  be  regarded  in  two  distinct       22. 
ways,  and  it  is  instructive  from  the  point  of  view  of  the  Jmf^^^ 
history  of  thought  to  see  how  these  two  different  aspects  theS?. 
of  the  theory  have  gradually  presented  themselves.     The 
older  and  vague  atomic  theory  professed  to  be  a  theory  of 
the  constitution  of  bodies,  and  to  afford  the  basis  for  an 
explanation  of  physical  phenomena ;  in  order  to  do  this, 
forces  of  attraction  and  repulsion  between  the  particles  of 


It  appears   that   this    theory   was 
largely    based    upon    a   compound 
prepared    by    Buusen,    and    called 
• '  cacodyl."    This  compound  was  one 
of  the  few  organic  radicles  which 
contained  a  metal — arsenic.    Frank- 
land,  partly  alone,  partly  in  union 
with  Kolbe,  entered  upon  a  series 
of  researches  which  had  two  distinct 
objects.     Both  these  objects  were 
foreign  to  that  school  which   had 
given   up  the  radicle  theory,  and 
which,    by   looking    upon    organic 
compounds  as  essentially  different 
from  inorganic  compounds,  had  lost 
that  important  clue — the  connec- 
tion of  the  two  branches  of  chemis- 
try.    These  objects  were  the  isola- 
tion  of   the   so-called   radicles    or 
compound  elements   and   the   pre- 
paration  of  other  "organo-metal- 
lic"  bodies.      The  latter  research 
led  to  new  insight  into  the  nature 
of  chemical  combinations.     "  I  had  , 


not  proceeded  far,"  says  Frankland, 
"  in  the  investigation  of  the  organo- 
metallic  compounds  before  the  facts 
brought  to  light  began  to  impress 
upon  me  the  existence  of  a  fixity  in 
the  maximum  combining  value  or 
capacity  of  saturation  in  the  metal- 
lic elements  which  had  not  before 
been  suspected.    ...    It  was  evi- 
dent that  the  atoms  of  zinc,  tin, 
arsenic,    antimony,   &c.,   had   only 
room,  so  to  speak,  for  the  attach- 
ment of  a  fixed  and  definite  number 
of  the  atoms  of  other  elements,  or, 
as  I  should  now  express  it,  of  the 
bonds    of    other    elements.      This 
hypothesis,    which    was    communi- 
cated to  the  Royal  Society  on  May 
10,   1852,  constitutes  the  basis   of 
what  has  since  been  called  the  doc- 
trine of  atomicity  or  equivalence  of 
elements  ;  and  it  was,  so  far  as  I 
am  aware,  the  first  announcement 
of  that  doctrine"  (ibid.,  p.  145). 
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matter  had  to  be  assumed,  and  elaborate  calculations  as  to 
the  integral  or  resultant  effect  of  these  elementary  forces 
had  to  be  instituted,  or  at  least  formulated.  An  interest- 
ing and  typical  case  of  these  attempts  was  the  theory  of 
Boscovich,  referred  to  in  the  last  chapter.^  In  looking 
back  on  the  history  of  science,  it  can  now  be  safely  stated 
that,  ingenious  as  those  theories  were,  they  led  to  no  re- 
sults in  the  direction  of  the  calculation  of  the  molar  and 
molecular  properties  of  bodies,  or  if  they  did,  they  yielded 
none  which  could  not  be  gained  by  the  opposite  view  which 
regarded  matter  as  continuous.  The  atomic  theory,  how- 
ever, did  good  service  from  another  point  of  view,  when 
through  Eichter,  Dalton,  Proust,  and  Berzelius  the  fact 
that  bodies  combine  only  in  definite  proportions  of  weight, 
or  their  simple  multiples,  became  firmly  established.  The 
authors  of  this  discovery  were  driven  to  the  atomic  view 


1  See  also  Berthollet,  'Statique 
chimique,'  1803,  vol.  i.  :  "Les 
puissances  qui  produisent  les  phen- 
omenes  chimiques  sent  toutes  deri- 
vees  de  I'attraction  mutuelle  des 
molecules  des  corps,  a  laquelle  on  a 
donne  le  nom  d'aflBnite,  pour  la 
distinguer  de  I'attraction  astrono- 
mique.  II  est  probable  que  Tune 
et  I'autre  ne  sont  qu'une  meme 
propridt^"  (p.  1).  "II  y  a  des 
sciences  qui  peuvent  parvenir  k  un 
certain  degr^  de  perfection  sans  le 
secours  d'aucune  th^orie,  et  seule- 
ment  par  le  moyen  d'un  ordre  ar- 
bitraire  qu'on  ^tablit  entre  les  obser- 
vations des  faits  naturels,  dont  elles 
s'occupent  principalement ;  mais 
il  n'en  est  pas  le  meme  en  chimie, 
oil  les  observations  doivent  naitre 
presque  toujours  de  I'experience 
meme  et  oii  les  faits  resultent  de  la 
reunion  factice  des  circonstances  qui 
doivent  les  produire.  Pour  tenter 
les  experiences,  il  faut  avoir  un  but, 


etre  guide  par  une  hypoth^se.  .  .  . 
ainsi  les  suppositions  plus  ou  moins 
illusoires  et  meme  des  chim^res  qui 
sont  aujourd'hui  ridicules,  mais  qui 
ont  engage  aux  tentatives  les  plus 
laborieuses,  ont  ete  necessaires,  au 
berceau   de   la  chimie.      Par   leur 
moyen  les  faits  se  sont  multiplies, 
un    grand    nombre    de    proprietes 
a  4t4  constate,    et   plusieurs    arts 
se     sont     perfectionnes "     (p.     4). 
"Si   les   propri^tds   chimiques   des 
difFerentes  substances  sont  dues  h. 
leur  affinity  et  h  leurs  dispositions 
particuli^res,    celles    des    combin- 
aisons  qu'elles  forment  dependent 
de    la    saturation    respective,    des 
changements   de   constitution    qui 
sont  dus  a  Taction  reciproque,  du 
degre  de  la  force  qui  maintient  la 
combinaison  ;    ainsi    les    proprietes 
des   substances    simples   sont   non 
seulement  la  cause  des  combinaisons, 
mais  encore  celle  de  leurs  propres 
affections"  (vol.  ii.  p.  552). 


of  matter  as  the  most  convenient  method  of  expressing  the 
formula  of  chemical  compounds.     Ever  since  that  time  ^^23^^^ 
the  atomic  view  has  served  as  a  kind  of  symbolism  by  ^^\^^^^ 
which  different  chemical  elements  could  be  characterised, 
their  compounds  described,  and  the  actual  weights  prac- 
tically calculated.     And  here  we  must  note  the  reserve 
with    which    some    of    the    greatest    representatives    of 
chemical  science  expressed  themselves  up  to  the  middle 
of  the  century  regarding  the  actual  physical  existence  of 
those  elementary  particles  with  which  they  operated  so 
freely  in  their  formulae,  and  which  they  even  represented 
by  balls  and  coloured  discs  in  their  demonstrations. 
Wollaston,  one  of  the  first  who  accepted  Dalton's^  views 


^  Dalton  does  not  seem  to  have 
been  troubled  by  any  philosophical 
doubts  or  by  the  anticipation  of 
the  mathematical  difficulties  which 
would  stand  in  the  way  of  a  con- 
sistent development  of  the  atomic 
view.  He  was  led  to  formulate  and 
employ  his  atomic  theory  by  ponder- 
ing over  the  most  convenient  man- 
ner in  which  certain  chemical  facts 
— the  facts  of  definite  and  multiple 
proportions — and  certain  physical 
discoveries — the  separate  existence 
of  aqueous  vapour  from  the  other 
constituents  of  the  air — could  be 
represented,  and  he  adopted  the 
view  suggested  by  Newton  in  his 
'  Queries,'  "  that  matter  was  formed 
in  solid,  massy,  hard,  impenetrable, 
movable  particles "  (see  Sir  H. 
Roscoe,  'John  Dalton,'  Century 
Series,  p.  128,  &c.)  Wollaston  and 
Davy  were  much  more  cautious  : 
the  former  foresaw  the  complicated 
and  far-reaching  mathematical  pro- 
blems which  were  involved  in  the 
atomic  view,  the  latter  thought 
the  generalisation  premature.  His 
labours  had  been  largely  in  the 
direction    of   showing   that  bodies 

VOL.  I. 


which  had  been  looked  upon  as 
elementary  were  compound,  and, 
he  "doubts  whether  we  have  yet 
obtained  elements"  (ibid.,  p.  156). 
Even  as  late  as  1826,  in  his  award 
to  Dalton  of  the  Royal  Medal,  he 
speaks  of  his  "  Development  of  the 
Chemical  Theory  of  Definite  Pro- 
portions, usually  called  the  Atomic 
Theory ^''^  he  emphasises  its  practical 
usefulness,  "making  the  statics  of 
chemistry  depend  upon  simple 
questions  in  subtraction  or  multi- 
plication, and  enabling  the  student 
to  deduce  an  immense  number  of 
facts  from  a  few  well  authenticated, 
accurate,  experimental  results."  He 
refers  to  Wollaston's  table  of  equi- 
valents, which  "separates  the  prac- 
tical part  of  the  doctrine  from  the 
atomical  or  hypothetical  part."  It 
has,  in  fact,  been  maintained  that 
the  hesitancy  which  Wollaston  dis- 
played on  this  subject  deprived  him 
of  his  well-deserved  share  of  the 
glory  which  the  introduction  of  the 
atomic  view  of  matter  has  shed 
upon  Dalton  and  Berzelius.  (See- 
Peacock,  'Life  of  Dr  Young,'  p. 
469.) 
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as  to  fixed  and  multiple  proportions,  expressed  himself 
with  great  reserve  as  to  the  value  of  the  atomic  hypothesis, 
and  when  drawing  up  a  table  of  atomic  weights,  he  pre- 
ferred to  call  them  equivalents — a  term  used  already  by 
Cavendish — as  implying  no  other  meaning  than  that  they 
fix  the  proportions  in  which  bodies  combine  into,  or  sep- 
arate out  of,  compounds.  Davy  was  hesitating  and  re- 
luctant to  admit  any  hypothesis  as  to  the  ultimate  con- 
stitution of  matter.     Liebig  ^  and  Faraday,^  at  a  somewhat 


^  "  In  endeavouring  to  develop 
the  theory  which  at  present  pre- 
vails respecting  the  cause  of  the 
unchangeableness  of  chemical  pro- 
portions, let  it  not  be  forgotten 
that  its  truth  or  falsehood  has 
nothing  whatever  to  do  with  the 
natural  law  itself.  The  latter  is 
the  expression  of  universal  experi- 
ence ;  it  remains  true,  invariably 
and  immutably,  however  our  no- 
tions respecting  its  cause  may  from 
time  to  time  vary  and  change." 
Thus  wrote  Liebig  ('Familiar  Let- 
ters on  Chemistry,'  1844)  at  a  time 
when  great  confusion  existed  as  to 
the  real  atomic  or  smallest  com- 
bining weights  which  should  be 
assigned  to  the  chemical  elements  ; 
when  in  consequence  many  chemists 
preferred  to  discard  the  word 
"atomic  weight"  altogether,  and  to 
revert  to  the  term  equivalent  (see 
Kopp,  '  Entwickelung  der  Chemie,' 
p.  718,  &c.)  Dumas  in  1840  de- 
clared that  the  term  atomic  weight 
did  not  deserve  the  confidence  with 
which  chemists  made  use  of  it :  if 
he  could  he  would  banish  the  word 
atom  from  chemistry,  convinced  as 
he  was  that  science  should  not 
transgress  the  limit  of  that  which 
could  be  known  by  experience. 
Liebig,  in  1839,  about  the  time 
when  his  important  memoirs  on  the 
constitution  of  organic  bases  and 
acids  appeared  in  his  '  Annals,'  em- 


phasised likewise  the  fact  that 
equivalents  never  change  ;  but  he 
doubted  whether  chemists  would 
ever  agree  as  to  the  relative  atomic 
weights,  and  he  hoped  the  time  was 
not  far  distant  when  they  would 
all  return  again  to  equivalents 
(ibid.,  p.  438).  In  France  an  in- 
fluential school,  headed  by  the 
eminent  M.  Berthelot,  up  to  the 
present  day  limits  itself  to  the  use 
of  equivalents.  See  Berthelot,  '  La 
Synthese  chimique,'  7™*  ed.,  p. 
164  n. 

'^  The  objections  which  Faraday 
urged  against  the  notion  of  atom 
and  atomic  weight  seem  to  come 
from  a  different  quarter.  In  1834, 
when  explaining  his  researches  on 
electro  -  chemical  action,  he  says 
(•Exper.  Res.,'  No.  869):  "If  we 
adopt  the  atomic  theory  or  phrase- 
ology, then  the  atoms  of  bodies 
which  are  equivalents  to  each  other 
in  their  ordinary  chemical  action 
have  equal  quantities  of  electricity 
naturally  associated  with  them. 
But  I  must  confess  I  am  jealous  of 
the  term  atom;  for  though  it  is 
very  easy  to  talk  of  atoms,  it  is 
very  difficult  to  form  a  clear  idea 
of  their  nature,  especially  when 
compound  bodies  are  under  consid- 
eration." Ten  years  later,  in  his 
'Speculation  touching  Conduction 
and  the  Nature  of  Matter'  (see 
'Exper.     Res.,'    vol.    ii.    p.    285), 
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later  date,  appeared  similarly  averse  to  admit  the  physical 
existence  of  atoms  in  the  older  sense,  and  warned  chemists 
against  the  introduction  of  unnecessary  and  unproven 
hypotheses.  Even  Gerhard t,  as  late  as  1856,  opposed 
the  idea  that  chemical  formulae  could  express  the  actual 
constitution  of  substances :  they  were  merely  a  convenient 
symbolism,  a  kind  of  alphabet,  by  which  reactions  between 
different  elements  or  compounds  could  be  conveniently 
described,  and  the  proportional  weights  of  the  constituents 
or  the  products  could  be  ascertained.^  Accordingly,  it  was 
also  maintained  that  formulae  could  be  written  in  very 
different  ways,  expressive  of  the  different  processes  and 
reactions  which  had  in  special  cases  to  be  considered.^ 

Although,  therefore,  chemical  research  was  governed  all 
through  the  century  by  the  atomic  view  of  matter,  it  does 


he  says :  '*  The  word  atom,  which 
can  never  be  used  without  involving 
much  that  is  purely  hypothetical, 
is  often  intended  to  be  used  to 
express  a  simple  fact.  .  .  .  There 
can  be  no  doubt  that  the  words 
definite  proportions,  equivalents, 
primes,  &c.,  which  did  and  do  ex- 
press fully  all  the  facts  of  what  is 
usually  called  the  atomic  theory  in 
chemistry,  were  dismissed  because 
they  were  not  expressive  enough, 
and  did  not  say  all  that  was  in  the 
mind  of  him  who  used  the  word 
atom  in  their  stead ;  they  did  not 
-express  the  hypothesis  as  well  as 
the  fact."  He  then  enlarges  on  the 
necessity  of  the  atomic  view,  and 
expresses  his  preference  for  the  form 
which  Boscovich  had  given  to  it  over 
"  the  more  usual  notion,"  as  accord- 
ing to  the  latter  "matter  consists 
of  atoms  and  intervening  space," 
whilst  with  the  former  "  matter  is 
-everywhere  present,  and  there  is  no 
intervening  space  unoccupied  by  it." 


(ibid.,  pp.  290,  291).  It  is  evidently 
the  objection  to  action  at  a  dis- 
tance, uncommunicated  action, 
which  is  implied  in  the  ordinary 
atomic  view  of  matter,  that  makes 
Faraday  jealous  of  the  term  atom. 
This  objection  was  quite  foreign 
to  the  chemists  abroad  who  in  the 
middle  of  the  century  elaborated 
the  atomic  view  of  matter  and  na- 
ture ;  it  belongs  to  a  different  direc- 
tion of  thought,  which  will  occupy 
us  in  a  later  chapter. 

^  In  his  *  Traits  de  Chimie  or- 
ganique,'  which  he  brought  out  as 
a  continuation  of  the  French  edi- 
tion of  Berzelius's  *  Treatise  of  In- 
organic  Chemistry'  in  the  years 
1853  to  1856.  See  Kopp,  *  Ent- 
wickelung der  Chemie,'  pp.  747, 
796,  800,  809,  819,  834. 

2  Even  the  combining  weight 
or  equivalent  of  an  element,  that 
datum  upon  which — since  Richter 
and  Dalton — the  whole  system  of 
chemistry  has  been  built  up,  was 


420 


SCIENTIFIC   THOUGHT. 


THE   ATOMIC   VIEW   OF   NATURE. 


421 


24. 

Neglect  of 
the  study 
of  affinity. 


not  appear  that  philosophers  considered  the  existence  and 
usefulness  of  chemical  formulae  as  a  proof  of  the  physical 
existence  of  atoms,  or  of  smallest  indivisible  particles  of 
matter,  in  the  older  sense  of  the  theory.  Hand  in  hand 
with  this  purely  formal  and  experimental  treatment  of 
chemical  phenomena  went  the  almost  absolute  neglect 
with  which  questions  referring  to  chemical  affinity  were 
treated.  The  word  was  little  more  than  a  name  for  an 
unknown  something. 

How  it  came  to  pass  that  substances  had  more  or  less 
affinity  for  each  other,  what  was  meant  by  a  chemical 
compound,  symbolically  expressed  by  writing  two  or  more 
letters,  near  or  above  each  other,  in  a  square  or  in  a  circle, 
united  by  parentheses  or  brackets,  did  not  seem  to  trouble 
chemical  philosophers  at  all.  To  compare  the  problem  of 
chemistry  with  that  of  astronomy,  the  former  for  a  great 
part  of  our  century  resembled  that  phase  of  astronomical 
knowledge  in  which  stellar  maps  and  catalogues,  plans  of 
orbits  and  orreries,  were  considered  sufficient,  giving  a  pic- 
ture of  a  certain  constellation  of  the  heavenly  bodies,  but 
no  idea  of  how  these  configurations  were  maintained  and 
altered.  In  fact,  chemistry  was  for  a  long  time  a  science 
purely  of  numbers,  to  which  was  attached  a  natural  his- 
tory of  the  substances  to  which  these  numbers  belonged. 
The  geometrical  arrangement  of  the  formulae  was  usually 
looked  upon  as  only  symbolical :  of  the  dynamical  changes 
which  take  place  in  time,  and  imply  the  knowledge  of 


considered  to  be  represented  by 
more  than  one  number  in  in- 
stances where  the  same  metal  had 
several  basic  or  acid  oxides,  as  in 
the  case  of  nitrogen  and  phosphorus 
(ibid.,  p.  805).    Laurent  in  '  Comptes 


Rendus,'1844,  vol.  xix.  p.  1099,  says : 
*'  Le  meme  corps  simple  se  presente 
tantot  avec  certaines  propri^t^s, 
tantot  avec  d'autres,  il  entre  dans 
les  corps  composes,  tantot  avec  un 
certain  poids,  tantot  avec  un  autre 


25. 
Kopp  on 


forces  or  movements,  few  took  any  notice  whatever.  In 
spite  of  the  enormous  accumulation  of  well -arranged 
knowledge,  and  the  marvellous  practical  achievements  of 
chemistry,  the  foremost  historian  of  that  science  could, 
as  late  as  1873,  write  as  follows :  "  No  theory  has  as  yet 
been  formed  in  chemistry  which,  starting  from  a  definite  chemical 

theory  in 

principle,  attempts  to  deduce  the  results  of  experience  as  ^^^3- 
necessary  consequences.  The  doctrines  which  have  been 
termed  in  chemistry  theoretical  are  still  only  such  as  per- 
mit us  to  bring  connection  into  the  results  which  practical 
chemistry  has  gained  in  special  directions ;  or  to  form  a 
picture  how  we  might  think  of  them  as  mutually  related."^ 


jr 


^  Kopp,  '  Entwickelung  der  Che- 
mie,'  1873,  p.  844.  A  generation 
earlier  Dumas  had  written  (*  Comp- 
tes Rendus,'  vol.  x.,  1840,  pp. 
171,  176,  178) :  "  Dans  les  vues  de 
I'electrochimie  la  nature  de  leurs 
particules  ^l^mentaires  doit  deter- 
miner les  propridtds  fondamentales 
des  corps,  tandis  que  dans  la  th^orie 
des  substitutions,  c'est  de  la  situa- 
tion de  ces  particules,  que  les  pro- 
prietes  d^rivent  surtout.  ...  La 
theorie  des  types  .  .  .  explique  ce 
que  la  loi  des  substitutions  se  con- 
tente  de  pr^ciser.  Elle  envisage 
les  corps  organiques  comme  ^tant 
formes  des  particules,  qui  peuvent 
etre  ddplac^es  et  remplacdes,  sans 
que  le  corps  soit  d^truit,  pour  ainsi 
dire.  .  .  .  Voila  done  en  presence 
deux  syst^mes :  I'un  qui  attribue 
le  role  principal  h,  la  nature  des  dld- 
ments,  I'autre  qui  la  reserve  pour 
le  nombre  et  I'arrangement  des 
Equivalents.  PoussE  k  I'extreme 
chacun  d'eux  .  .  .  se  trouverait 
conduire  a  I'absurde."  In  1861 
Kekuld,  in  his  '  Lehrbuch  der  or- 
gauischen  Chemie'  (vol.  i.  p.  95), 
declares  that,  "  besides  the  laws  of 
fixed  and  multiple  proportions  of 
weight  (and  in  gaseous  bodies  also 


of  volume),  chemistry  had  as  yet 
discovered  no  exact  laws,  .   .  .  and 
all  so-called  theoretical  conceptions 
were  merely  points  of  view  which 
possessed    probability    or   conveni- 
ence."    And  Wurtz  ('La  Theorie 
atomique,'    1863)    speaks    of    the 
atomic  hypothesis  in  terms  which 
might  lead  one  to  think  we  were  on 
the  eve  of  an  entirely  different  con- 
ception of  the  phenomena  of  nature : 
"Nous  retiendrons  I'hypothese  aussi 
longtemps  qu'elle  permettra  d'inter- 
prdter  fid^lement  les  faits ;  de  les 
grouper,  de  les  relier  entre  eux  et 
d'en    prEvoir   de   nouveaux,    aussi 
longtemps,  en  un   mot,  qu'elle  se 
montrera  feconde "   (p.   2).     "  Les 
considerations  sur  la  valeur  de  com- 
binaison  des  Elements  survivraient 
a  I'hypothese  des  atomes  si  celle-ci 
venait  k  etre  remplacde  un  jour 
par  une   hypothese  plus  g^n^rale. 
Mais  ce  jour  n'est  pas  arrivd  ;  c'est 
vainement  qu'on  chercherait  a  dis- 
cr^diter  la  premiere  aussi  longtemps 
qu'elle  se  montrera  feconde.     Et  sa 
f^ondite,  sa  puissance  eclatent  dans 
les  progres  incessants  de  la  science. 
C'est  elle  qui  vivifie  les  d^uvertes 
les  plus  recentes,  comme  elle  a  6t^ 
depuis  Dalton  son  immortel  auteur, 
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26. 
The  periodic 
law. 


This  statement  implies  that  even  as  late  as  the  end  of  the 
third  quarter  of  the  century,  foremost  thinkers  hesitated  to 
attach  a  more  than  provisional  importance  to  chemical  sym- 
bolism and  the  various  elaborations  of  the  atomic  theory, 
as  chemical  text-books  then  exhibited  them.  Similar 
merely  provisional  theories  have  existed  in  other  branches 
of  science.  The  theory  of  the  two  fluids  in  electricity 
did  good  service  for  a  long  time  in  enabling  philosophers 
to  define  their  ideas,  to  describe,  calculate,  and  predict 
phenomena.  In  optics,  the  so-called  corpuscular  theory 
of  light  is  still  used  with  advantage  as  a  convenient 
means  of  summarising  the  laws  of  reflexion  and  re- 
fraction ;  similarly,  in  treatises  on  the  conduction  of  heat, 
the  old  caloric  theory  still  holds  a  place  alongside  of  the 
more  modern  dynamical  views.  It  may  be  questioned 
whether  the  celebrated  periodic  law  of  Newlands,  Lothar 
Meyer,  and  Mendel^efif,  which  has  brought  some  order 
into  the  atomic  and  other  numbers  referring  to  the  dif- 
ferent elements,  and  has  even  made  it  possible  to  predict 
the  existence  of  unknown  elements  with  definite  pro- 
perties, stands  really  in  a  firmer  position  than  the  once 
well-known  but  now  forgotten  law  of  Bode,^  according  to 


which  the  gap  in  the  series  which  gives  the  distances 
of  the  planets  from  the  sun  indicated  the  existence  of  a 


rinstrument  le  plus  parfait  pour 
les  conceptions  elev^s  de  la  th^orie 
et  le  guide  le  plus  sur  pour  les 
recherchesexperimen  tales"  (p.  241). 
And  quite  mournfully  does  Kopp  re- 
port at  the  close  of  his  historical  sur- 
vey of  the  development  of  chemistry 
('Entwickelung,'&c.,  p.  829)  how  that 
science  about  1860  again  "turned 
into  the  course  which  it  had  tried  so 
often,  and  had  so  often  abandoned 
as  hopeless,  endeavouring  to  gain 
a  knowledge  how  the  elementary 
atoms  are  arranged  in  the  smallest 
particles  of  their  compounds." 


^  According  to  the  relation,  first 
observed  by  Christian  Wolff  and 
Daniel  Titius,  that  the  distances  of 
the  planets  from  the  sun  obey  ap- 
proximately the  formula  04  4-0'3 
X  2",  where  n  for  Venus,  Earth, 
Mars,  &c.,  assumes  the  values  0,  1,2, 
&c.,  the  planet  corresponding  to 
n  =  3  was  missing.  When,  on  the 
discovery  of  Uranus  in  1781,  it  was 
found  that  this  planet's  distance 
also  agrees  approximately  with  the 
formula,  Bode  and  von  Zach  drew 
attention  to  this  fact,  and  suggested 
a  systematic  search  for  the  missing 


planet,  "h.  chercher  une  aiguille  dans 
une   bott«   de   foin."      About   the 
same    time    that    this   bcarch   was 
contemplated  Piazzi  found  the  first 
of  the  small  planets,  which — like 
the  other  subsequently  discovered 
asteroids — corresponds  very  nearly 
with  the  expected  position  in  the 
system.     The   periodic  system  of 
the  elements,  according  to  which 
the     physical    and    chemical    pro- 
perties of  all  the  elements  show 
a   periodic    dependence    upon    the 
atomic  weights,  was  first  system- 
atically   stated    by    Newlands    (in 
1864)   and    by   Lothar   Meyer  and 
Mendeldeff  on  the  Continent.     The 
latest  edition  of  Meyer's  treatise  on 
"Modern  Theories  of  Chemistry,"  of 
which  only  the  first  part,  with  the 
title  'Die  Atome  und  ihre  Eigen- 
schaften  '  has  been  published  (post- 
humously by  the  author's  brother, 
Breslau,  1896),  gives  a  good  idea  of 
how  from   small  beginnings   these 
statistics  of  the  atomic  theory  of 
matter   have   grown    into   a  great 
accumulation   of  interesting  facts, 
upon  which  a  system  of  inorganic 
chemistry  can  now  be  based  which 
compares  with   the  system  of  or- 
ganic chemistry  founded  upon  the 
types   of   Gerhardt   in    their  orig- 
inal   or    in    some    modified    form, 
and  upon  the  "  homologous  "  series 
of    hydrocarbon    compounds.      As 
the  typical  arrangement  of  organic 
compounds,    or    rather    of    carbon 
compounds  (for  many  real  organic 
compounds  are   not  easily  classed 
by  these  methods),  led  to  the  sug- 
gestion of  the   existence  of  many 
compounds  which  were  not  known 
at  the  time,  and  have  since  been 
prepared,  so  the  periodic  arrange- 
ment enabled  Mendeleeflf  to  predict 
the  properties  of  missing  numbers 
of    the   periodic   series.      And   al- 
though this  mapping  out  of   the 


elements  according  to  their  atomic 
weights  does  not  indicate  how  and 
where  the  missing  numbers  are  to 
be  found,  as  is  the  case  with  the 
law  of  Titius  and  Bode,  and  still 
more  so  with  the  homologous  series 
of  carbon  compounds,  still  it  is 
interesting  to  be  able  to  state  that 
in  several  instances  —  notably  on 
the  discovery  of  the  new  elements, 
gallium  (by  Lecoq  de  Boisbaudran 
in  1878),  scandium  (by  Nilsou  in 
1880),  and  germanium  (by  Winkler 
in  1886) — the  properties  of  these 
substances  confirmed  to  a  very 
great  extent  the  predictions  of 
Mendeleeti'.  And  when  in  1894 
Lord  Rayleigh  and  Professor  Ram- 
say announced  their  discovery  of  a 
new  element  in  atmospheric  air, 
which,  from  its  inertness,  was 
called  argon,  interesting  sugges- 
tions as  to  its  properties  were 
drawn  from  speculations  regarding 
its  probable  position  in  the  periodic 
curve  (see  Lothar  Meyer,  loc.  cit., 
p.  165).  It  is  true  that  these 
numerical  regularities,  which  for 
some  minds  possess  a  great  fascina- 
tion, are,  so  far,  purely  statistical. 
It  is  possible  to  arrive  by  inter- 
polation or  extrapolation  at  valu- 
able suggestions  in  statistics,  in 
meteorology,  and  in  mining  opera- 
tions ;  but  so  long  as  the  actual 
cause  or  intrinsic  connection  is  not 
known,  which  explains  the  neces- 
sity of  these  regularities,  they  are 
apt  to  be  misleading,  and  have  to 
be  used  with  great  caution.  Still, 
the  fact  alone  that  they  bring  some 
order  into  a  bewildering  mass  of 
figures  and  data  makes  them  al- 
most indispensable.  For  similar 
reasons  many  chemists  adopted 
Gerhardt's  types  and  homologous 
series  as  afibrding  a  ready  method 
of  classification,  though  not  a  ra- 
tional explanation  of  phenomena. 
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27. 
DiflFerence 
between 


planet  between  Mars  and  Jupiter,  anticipating  the  dis- 
covery of  the  Asteroids,  which  have  accordingly  been 
regarded  as  the  fragments  of  the  missing  planet. 

It  thus  appears  that  purely  "  chemical  reasoning,"  as  it 
has  been  called,  has  proved  insufficient  to  establish  the 
and  physical  atomlc  vicw  of   naturc  on  the  same  firm  basis  as  has 

reasoning. 

supported  the  mechanical  or  astronomical  view  ever  smce 
the  age  of  Galileo  and  Newton.^  In  the  second  half  of 
the  century,  the  atomic  view  of  matter  has  however 
been  put  forward  from  a  different  side,  and  independent 
researches  have,  in  combination  with  the  older  chemical 
theories,  introduced  so  much  definiteness  into  this  line 
of  thought  that  "  the  Newtonian  theory  of  gravitation  is 


^  "Many  diagrams  and  models 
of  compound  molecules  have  been 
constructed.  These  are  the  re- 
cords of  the  efforts  of  chemists  to 
imagine  configurations  of  material 
systems  by  the  geometrical  rela- 
tions of  which  chemical  phenomena 
may  be  illustrated  or  explained. 
No  chemist,  however,  professes  to 
see  in  these  diagrams  anything 
more  than  symbolic  representations 
of  the  various  degrees  of  closeness 
with  which  the  different  com- 
ponents of  the  molecule  are  bound 
together.  In  astronomy,  on  the 
other  hand,  the  configurations  and 
motions  of  the  heavenly  bodies  are 
on  such  a  scale  that  we  can  ascer- 
tain them  by  direct  observation  ; 
.  .  .  the  doctrine  of  universal  gravi- 
tation not  only  explains  the  ob- 
served motions  of  our  system,  but 
enables  us  to  calculate  the  motions 
of  the  system  in  which  the  astro- 
nomical elements  may  have  any 
values  whatever"  (Clerk  Maxwell, 
*  •  On  the  Dynamical  Evidence 
of  the  Molecular  Constitution  of 
Bodies,"  June  1875,  'ScientiBc 
Papers,'  vol.    ii.    p.    418).      "The 


chemists  ascertain  by  experiment 
the  ratios  of  the  masses  of  the 
different  substances  in  a  compound. 
From  these  they  deduce  the  chemi- 
cal equivalents  of  the  different  sub- 
stances, that  of  a  particular  sub- 
stance being  taken  as  unity.  The 
only  evidence  made  use  of  is  that 
furnished  by  chemical  combination. 
It  is  also  assumed,  in  order  to  ac- 
count for  the  facts  of  combination, 
that  the  reason  why  substances 
combine  in  definite  ratios  is,  that 
the  molecules  of  the  substances 
are  in  the  ratio  of  their  chemical 
equivalents,  and  that  what  we  call 
combination  is  an  action  which 
takes  place  by  a  union  of  a  mole- 
cule of  one  substance  to  a  molecule 
of  the  other.  This  kind  of  reason- 
ing, when  presented  in  a  proper 
form,  and  sustained  by  proper  evi- 
dence, has  a  high  degree  of  cogency. 
But  it  is  purely  chemical  reasoning ; 
it  is  not  dynamical  reasoning.  It 
is  founded  on  chemical  experience, 
not  on  the  laws  of  motion "  (Id. 
article  "  Atom,"  *  Ency.  Brit.,'  1875 ; 
ibid.,  vol.  ii.  p.  456). 
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gases. 


not  surer  to  us  now  than  is  the  atomic  or  molecular 
theory  in  chemistry  and  physics — so  far,  at  all  events,  as 
its  assertion  of  heterogeneousness  in  the  minute  structure 
of  matter,  apparently  homogeneous  to  our  senses,  and  to 
our  most  delicate  direct  instrumental  tests."  ^ 

This  side  of  the  atomic  view  of  matter  has  been  de-       28. 

The  kinetic 

veloped  by  the  study  of  the  properties  of  bodies  in  the  ^^°p^°^ 
gaseous  state,  and,  in  its  modern  form,  goes  back  to  the 
experiments  of  Gay-Lussac,  which  were  almost  simul- 
taneous with  those  of  Dalton.^  It  is  interesting  to  note 
how  little  the  latter  recognised  the  importance  of  these 
researches,  when  he  rejected  the  so-called  law  of  volumes, 
according  to  which  gases,  under  the  same  pressure,  and 
at  equal  temperatures,  enter  into,  or  separate  out  of, 
chemical  combination  in  definite  and  very  simple  pro- 
portions of  their  volume.  As,  according  to  the  law  of 
definite  proportions,  bodies  (including  gases)  combine  only 


^  Lord  Kelvin  on  ' '  Capillary  At- 
traction," 1886.  See  '  Popular  Lec- 
tures and  Addresses,'  vol.  i.  p.  4. 

^  The  first  results  referring  to 
the  combining  volumes  of  oxygen 
and  hydrogen  gas  in  forming  water 
were  given  by  Gay  -  Lussac  and 
Humboldt  in  a  joint  memoir.  Their 
experiments  were  carried  on  in 
1 805.  Gay-Lussac  continued  the  ex- 
periments alone,  extended  them  to 
gaseous  compounds,  and  published 
his  results  in  1809  in  the  second 
volume  of  the  *  Memoires  d'Arcueil.' 
This  was  one  year  after  the  publi- 
cation of  Dal  ton's  '  New  System 
of  Chemical  Philosophy,'  and  two 
years  after  Thomas  Thomson  had 
published  a  sketch  of  the  atomic 
theory  in  his  text-book  on  Chem- 
istry. The  law  of  equal  expansion 
of  all  gases  with  temperature  was 
published  by  Dalton  in  1801 ;  the 


law  of  pressures — that  the  volume 
of  a  gas,  at  the  same  temperature, 
is  inversely  as  the  pressure — was 
published  by  Boyle  in  1662.  It 
goes  on  the  Continent  under  the 
name  of  Mariotte,  who  first  made 
it  generally  known  about  twelve 
years  later  (see  on  this  the  fourth 
appendix  to  the  2ud  edition  of 
Tait's  *  Properties  of  Matter,'  1890). 
The  law  of  temperatures  was  pub- 
lished in  1802  by  Gay-Lussac  in 
the  *  Annales  de  Chimie  et  de  Phys- 
ique* (vol.  xliii.  p.  137),  where  he 
remarks  that  Charles,  Professor  of 
Physics  at  the  *'  Conservatoire,"  had 
fifteen  years  earlier  noted  the  prop- 
erty indicated  by  this  law.  Both 
these  so-called  laws  of  gases  are 
only  accurate  within  certain  fnot 
very  wide  limits  of  temperature  and 
pressure. 


426 


SCIENTIFIC   THOUGHT. 


according  to  definite  proportions  of  their  weight,  it  follows 
that  in  the  gaseous  state  these  combining  weights  of  bodies 
have  either  equal  volumes  or  such  as  stand  in  very  simple 
proportions.  Now  the  amount  of  matter  (measured  by 
weight)  in  the  same  volume  is  called  the  density  of  a  gas. 
It  therefore  follows,  by  putting  Dal  ton's  and  Gay-Lussac's 
discoveries  together,  that  the  combining  weights  of  gases 
are  either  directly  proportional  to  their  densities  or  to  a 
simple  multiple  thereof.  Some  years  after  this  discovery 
in  1809,  Gay-Lussac  extended  his  statement  so  as  not 
only  to  embrace  elementary  gases,  such  as  hydrogen, 
oxygen,  and  nitrogen,  but  also  compounds,  such  as  am- 
monia, carbonic  acid,  hydrochloric  acid,  and  showed  how, 
if  they  enter  into  chemical  combination,  they  likewise  do 
so  in  the  simple  proportions  of  one  volume  of  one,  to  one 
or  two  volumes  of  the  other. 

Whilst  chemists  such  as  Gay-Lussac,  Berzelius,  and 
others^  recognised  in  the  facts  discovered  by  the  first  a 
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^  Dalton  was  the  only  person  who 
doubted  the  correctness  of  Gay- 
Lussac's  figures,  although  both 
Thomson  and  Berzelius  pointed  out 
to  him  the  great  support  they 
afforded  to  the  atomic  theory. 
Berzelius  also  saw  the  usefulness 
of  the  law  of  volumes  in  fixing  the 
smallest  combining  or  atomic  num- 
bers in  cEises  where  the  reference  to 
weight  alone  left  the  matter  unde- 
cided. Thus  he  correctly  inferred 
that  the  formula  of  water  should 
be  HgO,  as  we  write  it  to-day,  be- 
cause two  volumes  of  hydrogen 
combined  with  one  of  oxygen.  But 
it  was  unfortunate  that,  through 
his  want  of  appreciation  of  Avo- 
gadro's  further  expositions,  he  was 
unable  to  reconcile  more  completely 
the  appeal  to  volume  with  that  to 


weight,  and  that  in  consequence 
great  uncertainty  reigned  for  a  long 
time  in  these  matters.  This  in- 
duced L.  Gmelin  to  disregard  the 
volumetric  relations  in  his  system 
of  equivalents,  to  the  great  detri- 
ment of  those  who  in  the  middle  of 
the  century  were  brought  up  with 
very  vague  and  unsatisfactory  ex- 
planations on  this  subject — differ- 
ent numbers  being  used  in  books 
on  organic  and  inorganic  chemistry. 
A  great  confusion  existed  at  that 
time,  Gerhardt  showing  good  rea- 
sons, based  upon  his  observations  of 
the  substitution  of  hydrogen  in  or- 
ganic compounds  and  the  system  of 
classification  which  he  introduced, 
why  several  of  Gmelin's  figures 
should  be  doubled  ;  but  the  matter 
was  not  cleared  up  till  Cannizzaro 


method  for  determining  the  combining  weights  of  elements 
or  their  simple  multiples,  they  did  not  draw  the  natural 
consequences  as  to  the  physical  constitution  of  bodies  in 
the  gaseous  state  which  followed  from  these  and  other 
facts  which  had  been  known  before.  It  had  been  known 
since  the  time  of  Boyle  and  Mariotte  that  equal  volumes  of 
different  gases  under  equal  pressure  change  their  volumes 
equally  if  the  pressure  is  varied  equally,  and  it  was  also 
known  through  Gay-Lussac  himself  that  equal  volumes  of 
different  gases  under  equal  pressure  change  their  volumes 
equally  with  equal  rise  of  temperature.     The  like  be-       29. 

^  •'  ■"■  ^  Avogadro  s 

haviour  of  equal  volumes  of  different  gases  towards  pres-  i^ypothesis. 
sure,  temperature,  and  chemical  combination  suggested 
to  Avogadro,  and  almost  simultaneously  to  Ampere,  the 
very  simple  assumption  that  this  is  owing  to  the  fact  that 
equal  volumes  of  different  gases  contain  an  equal  num- 
ber of  smallest  independent  particles  of  matter.  This  is 
Avogadro's  celebrated  hypothesis.  It  was  the  first  step  in 
the  direct  physical  verification  of  the  atomic  view  of  mat- 
ter, and  if  maintained  by  further  experience,  it  was  des- 
tined to  be  one  of  the  most  important  proofs  of  this  view. 
But  this  assumption  or  hypothesis  had  to  be  reconciled 
with  facts.  It  was,  for  instance,  observed  that  a  given 
quantity   of    hydrochloric   acid    gas   occupied   the   same 


I 


showed  the  real  meaning  and  im- 
portance of  Avogadro's  hypothesis. 
A  good  exposition  of  the  difference 
of  opinions  which  were  held  at  that 
time  will  be  found  in  A.  Wurtz, 
'  La  Theorie  atomique,'  p.  55,  &c. 
See  also  Prof.  Bedson's  '  Memorial 
Lecture'  on  Lothar  Meyer  (1896), 
in  the  'Journal  of  the  Chemical 
Society,'  p.   619,   &c.,  and  especi- 


ally the  graphic  description  by  L. 
Meyer  himself  of  the  meeting  held 
in  September  1860  at  Carlsruhe 
for  the  purpose  of  ventilating  these 
important  theoretical  questions  (L. 
Meyer's  translation  of  Cannizzaro's 
'  Sunto  di  un  corso  di  filosofia 
chimica,'  in  Ostwald's  'Classiker 
der  exacten  Wissenschaften,'  No. 
30,  Appendix,  p.  58). 
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volume  as  did  each  of  the  equivalent  quantities,  hydrogen 
and  chlorine,  out  of  which  it  was  compounded,  and  it 
appeared  that  accordingly  double  the  number  of  atoms 
were  condensed  into  the  same  volume.  To  explain  this, 
and  yet  maintain  his  original  hypothesis,  Avogadro  was 
forced  into  the  conception  of  compound  atoms  or  particles 
— i.e.,  into  the  assumption  that  the  smallest  independent 
particles  need  not  be  the  elementary  atoms  of  hydrogen 
and  chlorine  themselves,  but  might  be  made  up  of  two 
or  more  of  such  atoms,  chemically  connected  in  such 
a  way  that  the  expansion  of  the  gas  under  increasing 
temperature  or  decreasing  pressure  did  not  affect  this 
complex   of    elementary  particles.^     Such    a    compound 


^  Avogadro  published  his  memoir 
in   the  'Journal   de   Physique'   in 
1811,  and  Ampere  expounded  simi- 
lar views  three  years  later  in  the 
form  of  a  letter  to  Berthollet  in  the 
'  Annales  de  Chimie. '     Neither  the 
celebrity  of  Ampere   nor   the   ex- 
haustive explanations  of  Avogadro, 
who  was  then  an  unknown  author, 
prevented   this   hypothesis,    which 
is   now  looked   upon   as  a  corner- 
stone   of    the    atomic   view,   from 
falling     into     oblivion.      Whewell 
does  not  mention  it.     Even  Kopp, 
whose     labours    for    many    years 
covered  a  field  little  cultivated  by 
most  other  chemists,  that  of  physi- 
cal chemistry,   makes    no    mention 
of  Avogadro's  and  Ampere's  hypo- 
thesis  in   his   great  work   on    the 
History    of    Chemistry,   published 
between  the  years  1843  and  1847. 
In  his  later  work  ('Die  Entwickelung 
der  Chemie,'  1873)  he  enters  ela- 
borately into  the  causes  which  made 
chemical   philosophers  overlook   so 
valuable  a  suggestion  (p.  353,  &c.) 
Like  Whewell's    History,    Poggen- 
dorf's    Dictionary   (1863)   was   sil- 
ent  about  Avogadro.     The  distinc- 


tion between  molecules  and  atoms 
seemed  to  complicate  matters ;  be- 
sides, the  new  hypothesis  was  not 
launched  in  conjunction  with  any 
new  experimental  discoveries,  as 
had  been  the  case  with  Dalton's, 
Davy's,  and  Gay-Lussac's  theories. 
The  first  who  again  drew  attention 
to  the  subject  was  Dumas,  who  in 
1826  began  his  investigations  re- 
garding the  specific  weight  of 
vapours — i.e.,  of  bodies  in  a  gaseous 
state.  He  there  drew  attention  to 
the  necessity  of  distinguishing  be- 
tween chemical  and  physical  par- 
ticles, but  he  does  not  yet  con- 
sistently use  the  t^rms  atom  and 
molecule  to  denote  the  former  and 
the  latter.  In  the  meantime,  how- 
ever, a  very  important  step  had 
been  taken  in  the  development  of 
the  atomic  view.  In  1819  Dulong  and 
Petit  published  their  experimental 
researches  concerning  the  specific 
heat  of  a  large  number  of  element- 
ary bodies — i.e.,  the  measured  quan- 
tities of  heat  (compared  with  a 
standard  substance)  which  were 
required  to  raise  a  number  of 
metals  by  one  degree  in  tempera- 


atom  or  complex  was  termed  a  molecule,  and  it  was 
assumed  that  molecules,  or  smallest  individual  particles 
of  chemical  substances,  might  be  made  up  of  one  or  more 
atoms  of  the  same  or  of  different  substances.  Avogadro 
was  able  in  this  way  to  explain  how  a  certain  number  of 
molecules  of  hydrogen — each  made  up  of  two  atoms — 
combine  with  an  equal  number  of  molecules  of  chlorine ; 
these  being  likewise  composed  of  two  atoms  of  chlorine, 
in  order  to  form  an  equal  number  of  molecules  of  hydro- 
chloric acid,  each  of  these  consisting  of  two  atoms — viz., 
one  of  chlorine  and  one  of  hydrogen.  This  view,  which  so. 
Ampere  likewise  adopted,  did  not  recommend  itself  to  Sfe!*^*°^ 
chemists  for  many  years ;  not  indeed  till,  about  the  year 
1840,  several  eminent  chemists — notably  Laurent — were 
independently  led  to  consider  chemical  compounds  as 
formed  by  what  is  termed  substitution  instead  of  simple 
combination.^     For,  according  to  Avogadro's  view,  the  for- 


ture.  They  then  found  that  these 
quantities  stood  very  nearly  in  in- 
verse proportions  to  the  atomic  or 
combining  numbers.  They  at  the 
same  time  pointed  out  the  un- 
certainty which  —  in  consequence 
of  the  law  of  fixed  multiple  pro- 
portions —  existed  regarding  the 
smallest  figure  which  was  to  deter- 
mine the  combining  weights  ;  they 
chose  those  numbers  which  brought 
out  clearly  the  physical  regularity 
and  coincidence  which  they  had  dis- 
covered ;  and  they  expressed  their 
result  in  the  rule  that  the  atoms  of 
all  elementary  bodies  have  the  same 
capacity  for  heat.  Whereas  Ber- 
zelius  ignored  the  theoretical  dis- 
cussions of  Avogadro  and  Ampere, 
he  hailed  the  experimental  data 
of  Dulong  and  Petit  as  most  useful 
in  helping  to  fix  correctly  the  real 
equivalent  numbers,  a  task  to  which. 


as  the  fundamental  requisite  of  all 
chemistry,  he  devoted  so  much  time 
and  labour.  It  must,  however,  be 
noted  that  the  law  of  Dulong  and 
Petit,  now  universally  accepted  as 
a  fundamental  fact  in  the  atomic 
theory,  is,  as  little  as  the  laws  of 
Boyle,  Charles,  and  Gay  -  Lussac, 
rigidly  correct :  it  obtains  within 
certain  limits.  The  experiments 
of  Dulong  and  Petit  were  extended 
to  compounds  by  F.  Neumann  in 
1831.  The  connection  of  the  specific 
heat  or  thermal  capacity  of  com- 
pounds and  that  of  their  con- 
stituents was  fully  investigated  by 
Regnault.  A  statement  of  the  diflfi- 
culties  and  anomalies  which  still 
exist  will  be  found  in  L.  Meyer's 
'  Die  Atome  und  ihre  Eigenschaf  ten' 
(p.  73,  &c.) 

^  A  very  important  influence  in 
contributing  to  the  gradual  recog- 
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mation  of  the  molecule  of  hydrochloric  acid  depended  upon 
an  exchange  of  places  of  the  atomic  constituents  in  the 
molecules  of  the  elementary  substances,  an  atom  of  chlor- 
ine being  substituted  for  an  atom  of  hydrogen  in  the 
hydrogen  molecule,  and  vice  versd  in  the  chlorine  molecule. 
About  the  middle  of  this  century  the  conviction  was  thus 
firmly  established  in  the  minds  of  chemical  philosophers 
that  the  simple  symbolism  by  which  Dalton  and  Berzelius 
expressed  chemical  combinations  and  processes  was  in- 
suiRcient  for  the  purpose  of  systematically  arranging  the 


nition    of    the   difference    between 
atom  and  molecule  belongs  also  to 
Gerhardt,    who   emphasised  a  fact 
known  already  to  Berzelius — viz.y 
that    hydrogen    according    to    his 
notation  appeared  to  combine  with 
other  bodies  always  in  paired  atoms. 
This  fact  remained  unnoticed  if  the 
atomic   number   of    hydrogen   was 
put  at  1,  oxygen  at  8,  as  was  done  by 
English  chemists  and  reintroduced 
by  Gmelin.    Berzelius  did  not  attach 
a  fundamental  importance  to  this 
fact.    Blomstrand  ( *  Die  Chemie  der 
Jetztzeit,'  1869,  p.   30)  has  shown 
that  this  originated  in  his  clinging 
to  Lavoisier's  oxygen  theory.    Oxy- 
gen was  made  the  centre  and  meas- 
ure of  everything  in  chemistry,  also 
of  the  equivalence  of  substances : 
Berzelius     thus     started     from     a 
unit  which  was  too  large,  and  with 
which  the  smaller  value  of  hydrogen 
could  not  be  measured.     Gerhardt 
fully    recognised    the    importance 
of    this    fact ;    showed    in    many 
examples   that   the    combining   or 
atomic    weight    of    hydrogen    had 
been  fixed  too  high  ;  and  proposed 
to  halve  most  of  the  organic  for- 
mulae.    In   this   way  he   proposed 
to  bring  harmony  into  the  theory 
of    combining    volumes    and    the 
atomic  theory.     He  partially  suc- 
ceeded in  doing  so,  although  in  the 


case  of  inorganic  elements  he  went 
too    far.      This     important    step, 
which  has  been  extolled  by  some, 
and  depreciated  by  other  historians 
of  chemistry,  is  lucidly  expounded 
by  Rau  in  his  'Theorien  der  mo- 
dernen  Chemie  '  (vol.  ii.  p.  107,  &c.) 
Wurtz  ('Theorie  atomique,' p.  64) 
considers  Gerhardt's  influence  as  a 
reform,  and  alludes  to  it  as  bringing 
again  into  view  the  hypothesis  of 
Avogadro  r  "  Voilh,  le  thime  d'Avo- 
gadro  et  d'Ampere,  qui  revient  a 
I'horizon,   comme   une   dtoile   diri- 
geante,  apres   une   longue   Eclipse. 
Et   pourtant  on  ne   peut  pas  dire 
qu'elle   ait   iti    pour    Gerhardt,    h, 
cette  ^poque   du   moins,  un  guide 
exclusif.     Les   considerations   mai- 
tresses  qu'il  a  Invoqu^es  sont  plutot 
d'ordre  purement  chimique.     Elles 
dtaient   justes,   et   il   s'est    trouvd 
qu'elles  concordaient  avec  une  id^e 
dgalement  juste,  et  qui  ^tait  tomb^e 
dans  I'oubli.     La  distinction  entre 
deux  esp^ces  de  petites  particules, 
molecules  et  atomes,  qu' Avogadro 
et   Ampere  avaient  introduite  in- 
utilement  dans  la  science,  que  M. 
Dumas  avait  essay^  de  faire  revivre 
dans  sa  Philosophie  chimique,  cette 
distinction    ^tait    peut  -  etre    faite 
dans  I'esprit  de  Gerhardt,  mais  elle 
n'apparaissait  pas  encore  dans  son 
Ian  gage." 


growing  volume  of  chemical  knowledge ;  that  the  concep-       31. 
tion  of  the  atom  must  be  extended  and  more  closely  de-  ment'ofthe 
fined;  that  the  proportions  of  weight  were  inadequate  for  ^'°°^° '''"''• 
the  purpose  of  distinguishing  and  identifying  the  many 
organic  compounds ;  and  especially  that  the  relations  of 
volume  and  the  arrangements  of  particles  of  matter  in  space 
must  be  taken  notice  of,  if  the  atomic  view  of  matter  was 
to  be  made  further  serviceable  for  scientific  purposes.  That 
purely  geometrical  relations,  such  as  can  be  grasped  only 
by  our  space  conceptions,  are  of  importance  in  the  chem- 
ical  composition   of    substances,    was   very   evident,   for 
instance,  in  some  of  the  optical  properties  of  crystallised 
organic  substances.     The  discoveries  of  Pasteur,  published       32. 
in  1850,  mark  in  this  respect  an  epoch  in  science.^     He  IS^ye^ot 
showed  that  there  exist  chemical  substances  which  are  "''^''^"^^•" 
different,  but  only  as  a  right-hand  glove  differs  from  a 
left-hand  one,  a  right-handed  screw  from  a  left-handed, 


^  A  special  line  of  **  physical "  or 
"mechanical"  reasoning  which  bears 
upon  the  atomic  view  of  matter  be- 
gan with  Biot's  discovery  in   1815 
that  certain  fluids — notably  organic 
—have  the  property  of  rotating  the 
plane  of  polarisation  of  light  which 
passes  through  them.     Later  on  he 
extended   this   observation   to   the 
vapours    formed    by    such    fluids. 
Faraday  found  in   1846  that  sub- 
stances which    are    optically    "in- 
active"    become     active     in     the 
manner  described  under  the  influ- 
ence of  powerful  electro-magnets. 
An  explanation  of  the  phenomenon 
by  Fresnel,  which  was  based  upon 
crystalline   structure,   would  — for 
liquids  and  vapours— have   to   be 
applied  to  the  structure  of  the  mole- 
cule itself.     Pasteur  found  in  1850 
that  there  exist  two  modifications 


of  tartaric  acid,  which  differ  in  this 
only,  that  one  of  them  turns  the 
plane  of  polarisation  to  the  right, 
the  other  to  the  left,  and  that  a 
mixture  of  both  in  the  proper  pro- 
portions is  inactive.     As  far  back 
as  1860,  in  his  '  Lecons  de  Chimie,' 
he    put    the    question,     **  whether 
the  atoms  in  tartaric  acid  are  ar- 
ranged like  the   turns  of  a  right- 
handed   screw,  or  situated  in  the 
corners  of  an  irregular  tetrahedron, 
or  have  they  any  other  asymmetrical 
grouping? .  .  .  There  can  be  no  doubt 
that   the   atoms    have   an   unsym- 
metrical  arrangement  after  the  fash- 
ion of  mirrored  images  which  cannot 
be  made  to  fall  into  each  other" 
(quoted  by  Van't  Hoff,  *  Die  Lager- 
ung  der  Atome  im  Raume,'  Ger- 
man translation,  2nd  ed.,  p.  9). 
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the  image  in  a  mirror  from  the  original.     Was  it  possible 
any  longer  to  suppress  the  conviction  that  the  smallest 
particles  of  matter,  in  forming  chemical  compounds,  do 
so  not  only  in  definite  proportions  of  weight,  but  also  in 
definite  geometrical  distances  and  positions  ? 
(  About  the  middle  of  the  century  the  atomic  view  of 
matter  had  thus  received  considerable  modifications.     Or- 
iginally suggested  only  to  explain,  describe,  or  symbolise 
the  fact  that  different  substances  combine  in  fixed,  and 
especially  in  fixed   multiple    proportions,  it  had   to   be 
modified  by  a  recognition  of  the  fact  that  in  gases  at  least 
a  distinction  exists  between  particles  which  are  closely 
knit  together — as  it  were,  geometrically  inseparable — and 
such  as  can  move  away  from   each  other.     The  latter 
explain  the  increase  of  volume  under  increasing  tempera- 
ture or  decreasing  pressure.     Geometrical  distance  came 
in  as  the  means  of  distinguishing  the  molecule  from  the 
atom.     And  lastly,  about  1850,  the  phenomena  of  right- 
and  left-handedness,^  discovered  by  Pasteur,  suggested  the 
idea  of  geometrical  position  as  well  as  of  distance.     The 
atom  had  become  a  molecule,  with  a  definite  geometrical 
arrangement.") 

It  took,  however,  a  full  generation  before,  in  the  second 
half  of  the  century,  these  different  suggestions  for  a  modi- 
fication of  the  atomic  view  became  clear,  before  philo- 
sophers took  seriously  the  opinion  that  molecules  and 
atoms  existed  in  reality,  and  were  not  merely  a  convenient 
symbolism,  as  many  great  chemists  during  the  first  half 
of  the  century  were  inclined  to  think.  This  change  in 
the  habit  of  chemical  thought  has  no  doubt  been  greatly 

^  Called  by  Lord  Kelvin  "chirality." 


brought  about  by  the  development  of  the  so-called  kinetic 
theory  of  gases  in  the  second  half  of  the  century.  This  is 
a  physical,  not  a  chemical,  theory. 

The  kinetic  theory  of  gases,  invented  for  the  purpose 
of  explaining  the  pressr  _-  which  all  bodies  in  the  gaseous 
state  exert  on  the  walls  of  the  containing  vessels,  will 
always  be  identified  with  the  two  names  of  Clausius  in 
Germany  and  Clerk  Maxwell  in  England.^     But  if  we 


*  Before  the  atomic  view  of  matter 
had,  in  the  course  of  the  last  fifty 
years,  closely  and  definitely  allied 
itself  with  the  kinetic  view,  it  had 
been  allied  with  the  astronomical 
view  of  matter.     In  the  last  cen- 
tury  and    the   earlier    decades    of 
the  present  century  we  frequently 
find   the   behaviour  of  a  complex 
of  molecules    or   atoms   compared 
with  that  of  a  planetary  system  ; 
but  in  addition   to   the   forces  of 
attraction,  those  of  repulsion  had 
to  be  resorted  to  in  order  to  ex- 
plain the  expansiveness  of  gases. 
Heat  was  then  considered  to  be  a 
material  substance,  the  particles  of 
which  repelled  each  other.     Dalton 
favoured  this  view  in  the  introduc- 
tion to  his  'New  System  of  Chemical 
Philosophy  ' ;  so  did  BerthoUet  and 
most  of  the  French  physicists  who 
were  brought  up  in  the  school  of 
Newton  and  Laplace.     Lasswitz,  in 
his  'Qeschichte  der  Atomistik'  (2 
vols.,  Hamburg,  1890),  has  traced 
the  'Decline  of  Kinetic  Atomism  '  in 
the  seventeenth  century  under  the 
influence  of  the  '  Corpuscular  Philo- 
sophy.'   The  kinetic  view  of  matter 
was  allied  with  the  Cartesian  physi- 
cal philosophy,  which  was  dispelled 
by  Newtonianism  in  France  and  by 
Kant's  philosophy  in  Germany.    In 
consequence,  when  in  Germany  A. 
Kronig  published  his   'Grundziige 
emer  Theorie  der  Gase'  in  1856, 
philosophers  who  had  been  speculat- 
ing in  the  direction  of  a  Newtonian 
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atomism  (see  Fechner's  'Atomen- 
lehre,'1855 ;  Redtenbacher's  'Dyna- 
miden  System,'   1857;  and  other 
publications  quoted  by  Rosenberger, 
'Geschichte  der  Physik,'  vol.  iii.  p. 
536,  &c.)  were  much  taken  by  sur- 
prise.    It  had  the  immediate  result 
of  inducing  R.  Clausius,  who  had 
been    occupied    with    similar    re- 
searches since  1850,  to  publish  his 
celebrated  memoir,  '  Ueber  die  Art 
der  Bewegung  welche  wir  Warme 
nennen'  (Poggendorf's   'Annalen,* 
vol.  c,  1857).     These  two  publica- 
tions first  called  general  attention 
to    the    subject.       Joule's    paper, 
which  appeared  in  the  '  Memoirs  of 
the  Lit.  and  Phil.   Soc.   of  Man- 
chester,' had  remained  unnoticed, 
but  was  reprinted  by  him,  at  the 
request  of  Clausius,  in  the  '  Philoso- 
phical Magazine '  (4th  ser.  vol.  xiv.) 
in    1857.      Subsequently,   the   re- 
searches of  Paul  du  Bois-Reymond 
and  others  unearthed  a  whole  list 
of  authors  who,  in   more  or  less 
definite  ways,  had  resorted  to  the 
hypothesis  of  a  rectilinear  trans- 
latory  motion  of  the  molecules  in 
order  to  explain  the  phenomena  of 
pressure    and   other  properties   of 
gases.     Among  these,   Daniel  Ber- 
noulli   (in    his    'Hydrodynamica,' 
1738)  seems  to  have  expressed  the 
clearest  views,  and  he  is  now  usu- 
ally named   as  the  father  of   the 
hypothesis.     The  fullest  statement 
of  the  historical  data  will  be  found 
in  the  posthumous  second  edition  of 
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agree  to  date  the  real  birth,  not  the  incubation,  of  any 
scientific  idea  from  the  moment  when  it  was  set  forth 
in  definite  figures,  and  with  mathematical  precision  per- 
mitting of  a  precise  verification  by  actual  test,  the  modern 
theory  of  gases  was  born  in  Manchester  in  the  school 
of  Dal  ton,  when  Joule  in    1857   actually  calculated  the 
velocity  with  which  a  particle  of  hydrogen  at  ordinary 
atmospheric  pressure  and  temperature  must  be  moving, 
assuming  that  this  atmospheric  pressure  is  equilibrated  by 
the  rectilinear  motion  and  impact  of  the  supposed  particles 
of  the  gas  on  each  other  and  the  walls  of  the  containing 
vessel.     This  meant  taking  the  atomic  view  of  matter  in 
real  earnest,  not  merely  symbolically,  as  chemists  had  done. 
Joule  gave  up  the  older  and  vague  ideas  of  a  rotatory  or  a 
vibratory  motion  of  the  particles  of  a  gas  which  had  been 
floating  about  since  the  time  of  Hooke^  in  various  theories, 
and  adopted  the  suggestion  of  Daniel  Bernoulli,  known  to 
him  through  Herapath,  that  all  particles  of  gaseous  matter 
are   in   a   natural  state  of  rectilinear  motion,  which  is 
changed  only  by  the  encounter  with  other  particles  or  by 
the  walls  of  the  containing  vessel  on  which  they  impinge, 
and  from  which  they  rebound.- 


Clausius,  *  Die  mechanische  Warme- 
theorie'  (Braunschweig,  1889-91, 
p.  2,  &c.)  See  also  0.  E.  Mayer, 
'Die  kinetische  Theorie  der  Gase ' 
(2nd  ed.,  Breslau,  1895,  part  i.  p.  11). 

*  SeeTait,  'Properties  of  Matter,' 
2nd  ed.,  p.  289,  also  J.  P.  Joule's 
Memoir  on  *  Heat  and  the  Constitu- 
tion of  Elastic  Fluids,'  1848,  re- 
printed in  *  Scientific  Papers,'  vol. 
i.  p.  290,  &c. 

2  The  real  proof  that  the  kinetic, 
in  contradistinction  to  what  we  may 
call  the  Newtonian,  view  of  the 
motion  of  the  molecules  of  a  gas  is 


the  correct  one,  and  that  Newtonian 
(attracting    and    repelling)    forces 
play  only  a  subordinate,  if  any,  part 
in    the   observable   phenomena    of 
gaseous  bodies,  is  based  upon  Joule 
and  Thomson's  experiments  made 
in   1853.      It   belongs   to   quite   a 
different  line  of  reasoning,  neither 
chemical  nor  mechanical,  but  going 
upon  the  principle  introduced  into 
scientific  thought  about  the  middle 
of  the  century,  that  heat  and  work 
are  convertible  terms  and  equivalent 
quantities.     Now,  it  was  generally 
assumed,  before  Joule  and  Thomson 
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This  idea  of  the  rectilinear  motion  of  the  particles  of 
matter  in  a  free,  i.e.,  a  gaseous,  state  (the  first  attempt  to 
explain  the  physical  properties  of  matter  by  giving  a 
numerical  value  to  a  molecular,  not  molar,  quantity)  was 
not  regarded  by  chemists,  for  it  was  indeed  of  little  use  in 
explaining  chemical  combinations  and  reactions.  It,  how-  35. 
ever,  very  soon  received  an  important  addition  under  the  fiSemoir. 
treatment  of  Clausius.^ 

The  kinetic  theory  of  gases  had  not  been  propounded 
for  the  purpose  of  explaining  chemical  phenomena;  it 
had  grown  out  of  repeated  attempts  to  explain  the  nature 
of  heat,  and  the  fact,  established  about  ten  years  earlier  I 
by  Mayer  and  Joule,  that  heat  can  be  transformed  into 
the  mechanical  energy  of  molar  motion.  The  idea  sug- 
gested itself  that  if  heat  can  disappear  and  be  replaced 
by  the  measurable  motion  of  molar  (measurably  large) 
masses,  and  vice  versd,  heat  itself  may  be  merely  the 
energy  of  the  directly  immeasurable  movements  of  mole- 
cular (immeasurably  small)  masses ;  and  as  every  body 


made    their    careful    experiments, 
that  if  gaseous  bodies  were  allowed 
to    expand,    without   doing    work, 
no    change    of    temperature    took 
place— i.e.,   that  heat  neither  ap- 
peared nor  disappeared.    This  would 
mean  that  no  work  of  either  repel- 
ling or  attracting  forces  was  done. 
Joule  and   Thomson   showed   that 
there  was  indeed  a  very  slight  cool- 
ing, indicating  that  a  small  amount 
of  heat  or  energy  was  used  up  in 
doing  work  against  attracting  forces 
—the  forces  of  cohesion.     Had  re- 
pelling forces  existed,  their   work 
would  have  shown  itself  in  a  rise  of 
temperature.     This  line  of  reason- 
ing will  occupy  us  in  a  subsequent 
chapter  (see  0.  E.  Meyer,  *  Theorie 
der  Gase,'  vol.    i.   p.   7,   &c.,  also 


Joule's  'Scientific  Papers,'  vol.  ii. 
p.  216,  &c.) 

^  How  little  chemical  and  physical 
reasoning  went  hand  in  hand  before 
the  middle  of  the  century  is  seen 
from  the  fact  that  only  after  Clau- 
sius had  published  his  first  paper 
(see  note,  p.  433),  in  which  he  came 
to  the  conclusion  that  the  molecules 
or    smallest   physical    particles    of 
simple  (elementary)  substances  con- 
sist of  several  atoms,  was  his  atten- 
tion drawn  to  the  fact  that  some 
French  chemists,   notably  Dumas, 
Laurent,  and  Gerhard t,  had  already, 
by  different  arguments,  arrived  at 
the  conclusion  that  the  molecules 
of  simple  (elementary)  gases  consist 
of  several  atoms  (see  Clausius,  he, 
city  p.  22,  &c.) 
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in  the  gaseous  state  shows  the  mechanical  energy  which 
we  call  pressure  or  expansiveness,  the  attempt  was  made 
to  explain  the  phenomena  of  expansion,  pressure,  and 
temperature  of  gases  by  a  purely  mechanical  hypothesis. 
This  answered  remarkably  well.  On  the  assumption  that 
the  particles  of  a  perfect  gas  possess  a  rectilinear  motion, 
the  experimental  formula?  of  Boyle  and  Mariotte,  of  Dal- 
ton,  and  of  Gay-Lussac,  could  be  theoretically  deduced. 
It  also  became  evident  that  under  this  conception  the 
forgotten  statement  of  Avogadro  must  be  correct,  accord- 
ing to  which  equal  volumes  of  different  gases,  under  equal 
pressures  and  at  equal  temperatures,  contain  an  equal 
number  of  freely  moving  particles. 

And  when  Clausius  showed  further  that  in  perfect 
gases  only  a  portion  of  the  quantities  of  energy  which 
are  measured  as  motion  or  as  heat  can  be  explained 
by  the  assumed  rectilinear  motion  of  the  particles  of 
gases,  and  that  an  internal  motion  of  the  particles  them- 
selves must  be  assumed,  the  new  ideas  became  still  more 
exactly  defined ;  they  included  the  conception  familiar  to 
chemists  of  compound  atoms  or  molecules.  The  smallest 
individual  particles  of  matter  in  the  free  state  were  them- 
selves not  simple  bodies,  but  systems  of  still  smaller 
particles ;  they  were  molecules  composed  of  atoms  ;  the 
symbols  of  chemists  became  descriptive  of  real  physical 
conditions ;  the  vague  notions  of  radicles,  types,  or  com- 
pound atoms  began  to  acquire  geometrical  and  mechanical 
definiteness. 

Thus\the  atomic  theory,  known  to  the  ancients,  revived 
by  Dalton  in  the  early  years  of  the  century,  and  em- 
ployed by  chemical  philosophers  for  half  a  century  as  a 


convenient  symbolism,  had,  about  the  year  1860,  been       37. 
accepted  by  physicists,  and  used  not  merely  as  L  con-  Str^a™!' 
venient  symboHsm,  but  as  a  physical  reality.)  p?^y^i^^'  * 

Joule  had  actually  calculated  the  velocity  of  a  particle  ^^^^"^ 
of  hydrogen  gas.  The  atomic  view  of  nature  was  now 
taken  in  real  earnest.  To  establish  it  still  further,  there 
were  required  definite  numerical  data  ^  as  to  the  size  of 
the  smallest  particles  (henceforth  sometimes  called  atoms, 
sometimes  more  correctly  molecules)  and  their  number! 
and  also  clearer  views  as  to  the  composition  of  the  mole- 
cules out  of  their  elements,  the  chemical  atoms. 

The  interest  which  attaches  to  this  latest  development 
of  the  atomic  theory  is  very  great :  it  has  brought  about 
a,  union  of  the  researches  of  chemists  and  physicists,  and 
has  made  chemistry  a  province  of  natural  philosophy.^  No 
one  has  done  more  than  the  late  Professor  Clerk  Max- 


^  Numerical  data  regarding  the 
«ize  and  number  of  smallest  physi- 
cal  particles  contained  in  a  given 
volume  of  matter  have  been  sup- 
plied by  various  methods  or  various 
'*  lines  of   reasoning."      The   best 
summary  will   be  found   in   Lord 
Kelvin's  lecture,  "On  the  Size  of 
Atoms"  (1883  :  reprinted  in  *  Pop- 
ular Lectures  and  Addresses,'  vol. 
1.  p.  147  sqq.)     The  four  lines  of 
reasoning  are  founded  on  the  un- 
dulatory   theory   of  light,    on   the 
phenomena  of  contact  electricity, 
■on  capillary  attraction,  and  on  the 
iinetic    theory    of    gases.      They 
"agree  in  showing  that  the  mole- 
cules of  ordinary  matter  must  be 
■something  like  the  one   ten -mil- 
lionth, or  from  the  one  ten-mil- 
honth  to  the  one  hundred-millionth 
of  a  centimetre  in  diameter." 
^  "We  can  distinguish  two  kinds 
of  motion,  atomic  motion  and  mole- 
•cular  motion.    ...    To  this  dis- 


tinction   corresponds    the   division 
of  natural  philosophy  into  physics 
and  chemistry,  not  rigidly,  yet  in 
so  far  as  chemistry  is  mainly  oc- 
cupied with  the  equilibrium  of  the 
atoms,  physics  with  the  mechanics 
of  the  molecules.     Chemical  equil- 
ibrium, unchanged  condition  of  the 
molecules,    exists    if    the    affinity 
which    holds    together   the   atoms 
equilibrates  the  forces  which  tend 
to  loosen  the  composition  of  the 
molecule:    these  forces  consist  in 
the  motion  of  the  atoms.  ...   As 
accordingly  in  a  chemically  stable 
compound  the  atomic  motions  re- 
main  in   lasting   dynamical   equil- 
ibrium with  the  chemical  forces, .  . . 
there  remains  for  the  examination 
of  the  purely  physical  phenomena 
in  the  first  instance  only  the  mole- 
cular movements"  (0.  E.   Meyer, 
'Die  kinetische  Theorie  der  Gase,' 
vol.  i.  p.  6). 


^  ^ 
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well  to  develop  the  novel  conceptions  which  here  force 
themselves  upon  us.  Especially  are  we  indebted  to  him 
for  the  idea — marking  an  epoch  in  the  history  of  scientific 
thought — of  the  difference  between  historical  knowledge 
of  natural  phenomena  and  a  merely  statistical  summary 
of  average  results.^  If  the  atomic  view  of  nature  has  to 
be  adopted  seriously,  as  the  development  of  the  kinetic 


^  See   Clerk   Maxwell's   memoir, 
*  Illustrations    of    the    Dynamical 
Theory  of  Gases'  (1859:  reprinted 
in  'Scientific  Papers,'  vol.  i.  p.  377). 
Clausius  had  in  his  second  paper, 
"On  the  average  mean  path  of  a 
particle"  (Poggendorf's  'Annalen,' 
1858),  given  an  expression  for  this 
quantity  as  depending  on  the  aver- 
age distance  of  two  particles  and  on 
the  average  diameter  of  the  sphere 
of  action  of  a  particle.     As  these 
quantities  are  all  only  mean  or  aver- 
age quantities,  hehad  been  obliged  to 
resort  to  a  method  which  was  then 
novel  in  physical  science,  the  method 
of  averages  and  the  calculus  of  prob- 
ability, which  is  its  mathematical 
expression.     He  had  calculated  the 
probability  of  a  certain  motion  of  a 
particle.    Maxwell,  who  had  in  1856 
been  engaged  in  writing  his  Adams 
prize  essay  "  On  the  stability  of  the 
motion  of  Saturn's  rings,"  liad  there 
considered  the  possibility  of  these 
rings  being  composed  of  a  cloud  of 
scattered  particles  moving  with  all 
possible    velocities    towards     each 
other  and   round    some   attracting 
centre  :  he  was  thus  familiar  with 
physical    problems    in    which    the 
given  data  could  be  only  average 
quantities.     He  now  undertook  to 
develop  systematically  the  methods 
necessary  for  treating  such   prob- 
lems, of  which  we  have  only  statis- 
tical knowledge,  and  he  there  de- 
veloped his  famous  law  which  gives 
the  distribution  of  different  veloci- 
ties in  a  crowd  of  particles  moving 


at  random  and  in  their  collisions 
obeying  the  condition  of  the  con- 
servation of  energy.     This  investi- 
gation marks  an  epoch  in  mathe- 
matical physics  and  in  the  history 
of  the  atomic  view  of  nature.    Like 
all    theorems    connected   with   the 
theory  of  probability,  it  has  pro- 
voked a  large  literature,  the  founda- 
tions of  the  proof  and  the  different 
steps  in  the  logic  of  the  deductions 
having  been  examined  and  criticised 
in  the  most  searching  manner.    The 
expression   given   by   Maxwell   has 
stood  all  these  criticisms, — "  he  has 
demonstrated     the     possibility    of 
calculating  in  a  strict  manner  the 
averages  which  before  him  had  only 
been    estimated,    but    which    were 
required  for  a  further  development 
of  the  theory  of  gases."     See  0.  E. 
Mej-er,  '  Die  kinetische  Theorie  der 
Gase,'  2nd  ed.,  vol.  i.  p.  45,  &c.,  where 
also  a  complete  account  is  given  of 
the    various    steps    by    which    the 
doubts  which  attached  to  Maxwell's 
theories    and    his    proofs    were   at 
length  removed,  and  the  "variety 
of    traps    and    pit  -  falls "    avoided 
"which  are  met  with  even  in  the 
elements  of  the  subject "  (see  Tait, 
"  On  the  Foundations  of  the  Kinetic 
Theory  of  Gases,"  'Trans,  of  the 
Royal   Soc.    of    Edinburgh,'   1886, 
vol.   xxxiii.  part  1,  p.  66).     In  a 
later  chapter  of  this  history  I  in- 
tend to  trace  the  development  of 
the  statistical  view  of  nature,  and 
shall  then  have  occasion  to  revert 
to  this  subject.  . 


theory  of  gases  suggests,  we  begin  to  realise  the  enormous 
numbers  of  individual  elements  of  matter  with  which  we 
have  to  do  in  any  physical  or  chemical  operation  or  ex- 
periment.    The  step  which   enabled  mathematicians  to 
calculate  molar  and  cosmical  phenomena  by  looking  upon 
them  as  made  up  of  an  immeasurably,  nay  infinitely,  large 
number  of  elementary  parts,  be  these  of  space  or  time, 
was  taken  by  Newton  and  Leibniz :  its  result  was  the 
invention,  development,  and  application  of  the  infinitesi- 
mal calculus.     Our  fundamental  notions  applied  only  to 
integrals,  to  a  summation  of  these  differential  properties. 
(It  was  the  problem  of  the  new  calculus  to  deduce  from 
the  simple  differential  properties,  expressed  in  what  is 
called  the  differential  equation,  the  results  of  finite  ob- 
servable quantities.     This  was  done  by  a  process  of  sum- 
mation or  integration.)    In  this  process  the  elements  were, 
however,  all  considered  to  be  equal.     This  was  an  assump- 
tion  which,  for  the  purposes  of  simplicity,  might  be  safely 
made  in  a  first  approximation.     When,  however,  the  kin- 
etic theory  of  gases  took  seriously  into  account  the  motion, 
velocity,  number,  and  size  of  the  constituent  particles  of 
matter  contained  in  any  finite  measurable  volume,  or  por- 
tion of  matter,  two  distinct  views  presented  themselves  : 
the  one  which  looks  only  at  the  total  or  average  result 
and  aspect  of  the  phenomena,  the  other  which  looks  at 
the  actual   behaviour  and  properties  of  the  component 
parts,  be  these  ever  so  numerous  or  ever  so  small.     These 
latter  could  no  longer  be  regarded  as  differentials  which 
lose  their  independent  existence  in  the  process  of  summa- 
tion :  they  had  individual  properties,  which  were  not  lost 
in  the  aggregate.     It  is  evident  that  chemists  had  been 
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studying  those  properties  of  matter  that  are  preserved 
distinct  in  ever  so  large  a  number  of  individuals  which 
are  characteristically  and  specifically  alike :  while  physi- 
cists had  been  mainly  studying  the  properties  of  distance, 
motion,  velocity,  and  size,  which,  if  added  together,  merge 
themselves  into  a  common  sum,  integral  or  average.  It 
does  not  follow  that,  even  so  far  as  these  latter  proper- 
ties are  concerned,  the  numberless  individual  particles  of 
matter  behave  alike ;  their  sizes,  velocities,  and  move- 
ments may  be  very  different:  indeed  it  is  evident  that, 
in  a  large  crowd  of  moving  particles,  they  must  be  widely 
different. 

In  assigning  numbers  to  these  data,  it  was  therefore 
clear  that  only  average  or  mean  values  could  be  meant, 
and  that  our  actual  physical  knowledge  of  the  individual 
elements  resembles  that  statistical  information  which  we 
possess,  for  instance,  regarding  the  mortality,  average 
age,  and  general  properties  and  ways  of  the  members 
of  a  great  population.  It  is  statistical  knowledge,  it  is 
not  individual,  historical,  or  biographical  knowledge,  that 
we  possess. 

The  individual  behaviour  of  the  single  molecules,  their 
sizes,  their  velocities,  the  length  of  their  paths,  their  vibra- 
tions, rotations,  and  internal  motions,  remain  unknown. 
What  can  be  known  is  only  the  average  magnitudes  of 
these  quantities,  and  possibly  the  extreme  limits  within 
which  these  individual  magnitudes  vary.  The  great  dif- 
ferences exhibited  by  larger  portions  of  different  kinds 
of  matter — i,e.y  the  chemical  differences  or  qualities — were 
reduced  to  the  actual  composition  and  qualities  of  the 
molecules  and  atoms  themselves.     Chemists  and  physi- 


cists were  now  alike  compelled  to  venture  on  some  more 
definite  hypothesis,   descriptive  of  the  great  variety  of 
constitution  which  the  molecules  of  chemically  distinct 
substances  exhibit.     These  molecules  show  in  their  com- 
bining  numbers,  and  in  their  physical  properties,  great 
fixity,  excluding  apparently  all  gradual  transitions.     The 
manner  in  which  they  enter  into,  and  again  separate  out 
of,  combinations  and  compounds,  always   regaining  and  ^ 
showing  their  original  characteristics,  forced  more  and 
more  upon  natural  philosophers  the  conviction  that  com- 
pounds were  merely  geometrical  arrangements  of  indi-       4o. 
vidually  independent  atoms,  and  that  these  atoms  must  SSngem^t 
possess  geometrically  different  forms  and  figures,  enabling  °^*^'''^' 
them,  without  loss  of  their  individuality,  to  enter  into 
varying  configurations. 

The  conception  of  the  molecule  as  a  system  of  atoms, 
geometrically  arranged,  had  gradually  grown  from  vague 
suggestions  in  the  minds  of  physicists  as  well  as  chemists 
— ie.,  of  students  of  the  quantitative  as  well  as  of  those 
of  the  qualitative  properties  of  substances.  To  the  former 
it  was  especially  the  forms  of  crystals,  to  the  latter  the 
different  degrees  of  saturation  of  chemical  substances, 
that  suggested  a  geometrical  arrangement  of  atoms  as 
the  constitution  of  the  smallest  particles  or  molecules 
of  different  substances. 

Ever  since  the  study  of  the  regular  forms  of  minerals       4i. 
or  of  artificially  prepared  crystals  was   reduced   to  an  ^aphy?^ 
exact  science   by  the  labours  of  Haiiy,  at  the  end  of 
the  last    century,^   the  forms   of    these    regular  shapes 
have  been  valued  by  investigators,  for  two  distinct  rea- 

*  See  above,  chapter  I  p.  116. 
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sons.     They  seemed  to  afford  a  practical  means  of  recog- 
nising   and    obtaining  in   the   laboratory   substances  in 
their  qualitative  or  chemical   purity,  if  they  were  ele- 
ments, or  in  identical   chemical   combinations,  if    they 
were   compounds.     And   secondly,  these  regular,  recur- 
ring forms,  which,  in  many  cases,  exhibited  characteristic 
and  geometrically  fixed  arrangements  of  plane  surfaces, 
appeared   the   only  means  by  which  we  could  gain  an 
insight  into  the  grouping  and  the  shape  of  the  ultimate 
particles,  out   of  which,  according  to  the   atomic  view, 
molar  substances  were  constituted.     If  the  particles  of 
any  substance,  when  set  free  to  follow  their  most  natural 
movements  by  solution,  by  fusion,  or  by  volatilisation, 
meet  again  during  the  process  of  solidification  in  definite, 
always   recurring  forms,  the   conclusion    seems   obvious 
that     the    individual    and     ultimate    particles    possess 
marked  peculiarities  in  the  different  directions  of  space. 
And  it  is  almost  inconceivable  that  these  peculiarities 
should  consist  in  anything  else  than  in  distinct  primitive 
forms,  arranged  in  varying,  but  geometrically  definable, 
meshes   of   a  network.     Accordingly,  different    systems 
have  been  elaborated  ever  since  the  age  of  Haliy,  which 
have   the    object   of    easily  classifying,  recognising,  and 
measuring   crystalline  structures,  or,   more   ambitiously, 
of  discovering  the  number  of  simple  forms  and  arrange- 
ments  of    networks   of    which    our    spatial    conceptions 
admit.       It    is    satisfactory    to    be    able    to    state    that 
investigations    of    the    latter    kind,    carried    on    from 
seemingly    different    beginnings,    have    resulted    in    the 
recognition   of    a  certain   limited   number   of    forms   of 
symmetry.     This  symmetry  is  referred  to  points,  called 


centres,  or  to  lines,  called  axes,  or  to  planes  of  sym- 
metvj}  French  and  German  investigators  have  deduced 
in  different  ways  the  different  possible  forms  of  sym- 
metry, and  have  shown  that  in  all  thirty-two  different 
forms  of  symmetry  or  groups  are  geometrically  possible. 
These  thirty-two  fundamental  groups  of  crystals  can  be 
gathered  up  into  six  classes  or  types,  according  to  the 
different  systems  of  crystallographic  axes  or  the  number 
of  planes  of  symmetry  belonging  to  them.^ 


^  The   question   may   be   raised, 
to  what  extent  crystallography  is 
obliged    to    assume    a    molecular 
structure  of  matter,  or  what  sup- 
port  does  the  atomic  view  receive 
from  it?     On  this  point  see  Ost- 
wald's  'AUgemeine  Chemie,'  vol.  i. 
p.  855,  &c.     The  geometrical  forms 
of  crystals  can   either  be  derived 
from  elementary  polyhedra,  as  Haiiy 
attempted  to  do  by  his  "  molecules 
integrantes"    and    his    theory    of 
decrescences,    space   being  in   this 
system  considered  as  coutinuously 
filled  ;  or  the  elementary  particles 
may  be   considered   to   consist    of 
meshes  of  points  geometrically  ar- 
ranged in  the  corners  of  a  primitive 
figure  in  three  dimensions  ;  or  ele- 
mentary spheres  or  ellipsoids  may 
be  supposed  to  be  piled   on   each 
other  like  cannon-balls.  The  two  lat- 
ter systems  assume  vacant  spaces  ; 
the  first  view  refers  the  crystalline 
shape  to  some  primitive  crystal,  and, 
therefore,  does  not  explain  it.     It 
has  accordingly  been  said  that  "  the 
structure  of  crystals  is  one  of  the 
principal  supports  of  the  molecular 
theory.     In   assuming   continuous 
matter    without    at    least    points 
which  are  geometrically   or  kine- 
matically  distinct,   the  anisotropic 
structure  of  crystals  is  quite  un- 
thinkable"  (Lehmann,  'Molecular- 
physik,'  vol.  ii.  p.  376).     This  view 
does  not  agree  with  what  Ostwald 


says  ('Allgemeine  Chemie,'  vol.  i.  p. 
868) ;  he  considers  that  the  struc- 
ture of  crystals  affords   no   proof 
for   the   molecular  constitution  of 
matter,   as   the  data  of   elasticity 
by   no    means    necessarily  require 
a  molecular  arrangement,  but  for- 
mally can  be  ascribed  as  easily  to 
continuous  matter.     "  Nevertheless 
the  molecular  view  has  the  advan- 
tage of  greater  evidence,  and  leads 
to    the    same   results    with    much 
greater  simplicity,  and  hence  more 
convincingly."     It  seems,  however, 
that  if  chemical  facts  and  physical 
theory  force  upon   us  the  atomic 
view,   crystallographic    phenomena 
force   us   to  complete  it  by  some 
conception  of  geometrical  arrange- 
ments. 

'^  This  purely  geometrical  treat- 
ment was   introduced   by   Bravais 
in     his     'Etudes     crystallograph- 
iques'    (1851),    the    much    earlier 
work  of  Hessel  (' Krystallometrie,' 
1831)  having   been   forgotten.     It 
was  further  developed  by  L.  Sohnke 
(TEntwickelung    der    Theorie    der 
Kiystallstructur,'  1879),  and  com- 
pleted by  Curie  (1884)  and   Min- 
nigerode  (1886).     A  concise   sum- 
mary will   be  found   in   Liebisch, 
*  Physikalische     Krystallographie, ' 
Leipzig,   1891,  pp.    3   to   60 ;  also 
Groth,    *  Physikalische    Krystallo- 
graphie,'    Leipzig,    1895,    p.    324, 
&c. 
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An  analogy  has  been  pointed  out  ^  between  the  atomic 
theory  in  chemistry,  by  which  Dalton  explained  the  fixed 
simple  and  multiple  proportions  of  the  combining  weights 
of  various  substances,  and  the  molecular  theory  of  crystal- 
line structures,  by  which  the  fundamental  forms  of  crystals 
are  defined  and  the  accessory  forms  derived  from  them. 
It  has  been  found  that  if  once  a  crystal  has  been  defined 
by  a  fundamental  plane  referred  to  three  axes  at  fixed 
angles,  all  other  planes  or  faces  can  be  defined  by  simple 
multiples  of  the  numbers  which  belong  to  the  fundamental 
plane,  and  which  are  called  the  parameters  of  the  crystal. 
This  fundamental  rule  or  law  of  crystallisation,  termed  by 
Hauy  the  law  of  derivation,  stands  thus  in  the  same  rela- 
tion to  the  corpuscular  theory  of  the  structure  of  bodies 
as  the  law  of  fixed  multiple  proportions  stands  to  the 
original  atomic  view  of  matter,  and  it  is  thought  that  it 
may  in  the  future  lead  to  important  results.^ 

Another  very  remarkable  discovery  had  been  made  by 
Mitscherlich  in  1 8  2  3.^  This  is  the  property  which  various 
compounds  possess  of  crystallising  in  the  same  forms, 
although  they  contain  different  elements — such  elements 
being,  however,  joined  together  by  similar  formulae.  The 
elements  are,   as  it  were,  interchangeable.     This  phe- 


^  See      Ostwald,      "  Allgemeine 
Chemie,'  vol.  L  p.  870. 

^  A  question  arises  in  this  connec- 
tion as  to  the  accuracy  of  the  crys- 
tallographic  law  of  the  fixity  of  the 
angles.  In  respect  of  this  Ostwald 
says:  "On  examining  the  validity 
of  the  fundamental  laws  of  crystallo- 
graphy, it  becomes  evident  that 
they  are  only  approximate,  or  per- 
haps more  correctly,  that  there  exist 
numerous  circumstances  which  per- 
mit them  to  show  themselves  only  in 


a  somewhat  disturbed  manner"  {loc. 
cit.,  vol.  i.  p.  890).  This  I  under- 
stand to  mean  that,  if  disturbing 
circumstances  could  be  removed, 
the  law  of  the  fixity  of  angles  and 
the  simple  multiples  of  the  indices 
would  obtain  with  the  same  accur- 
acy as  do  the  combining  numbers 
and  their  multiples  in  chemical 
combinations. 

^  See  supra,  chap.  ii.  p.  191  and 
note. 


nomenon  has  been  called  isomorphism.     The  discovery 
has  been  of  great  practical  value,  as  well  as  theoretical 
interest.     If  the  definite  and  invariable  form  of  existence 
which  the  crystal  exhibits  is  considered  as  a  proof  of  the 
purity  of  a  chemical  substance,  and  if  in  the  same  crystal 
one  elementary  substance  can  be  replaced  by  one  or  several 
other  substances,  then  this  substitution  must  take  place  in 
definite  proportions  of  weight,  in  the  equivalent  propor- 
tions.    Thus  the  production  of  such  isomorphous  crystals 
affords   a   method   of    determining    the    relative   atomic 
weights  or  equivalents.     As  such  it  was  hailed  by  Ber- 
zehus;  the  more  so,  as  in  no  case  did  the  equivalents 
thus  obtained  contradict  the  numbers  he  had  found  by 
other  methods.^     Theoretically,  the  property  of  isomor- 
phism acquired  a  still  greater  interest  when  Mitscher- 


^  In  the  early  days  of  the  atomic 
theory  as  developed  by  Berzelius, 
great  uncertainty  existed  as  to  the 
numbers  which  were  to  be  chosen  for 
the  atomic  weights  of  the  elements. 
This  was  owing  to  the  property  of 
fixed  multiple  ratjos — it  remaining 
undecided  which  was  the  smallest 
submultiple  of  a  given  combining 
ratio  in  which  any  special  element 
could     enter     into     combination. 
Other  methods  were  then  used  to 
assist  in  deciding  this  point.     The 
law  of  volumes,  and  later  the  pro- 
perties of  isomorphism,  were  there- 
fore hailed  by  Berzelius  as  welcome 
aids  in  fixing  the  atomic  numbers. 
Both  these  methods  are  still  used, 
though  the  latter  is  not  always  de- 
cisive.    The  most  important  method 
according  to  the  present  state  of  our 
knowledge  is  the  determination  of 
the  vapour  density,  where  such  can 
be  got,  and  that  of  the  specific  heat 
in   the  solid   state.     It  is   mainly 
owing   to   Cannizzaro   (1858)   that 


the  apparent  contradictions,  which 
were  supposed  to  exist  in  the  num- 
bers arrived  at  by  various  methods, 
were    explained    by    reverting    to 
Avogadro's    forgotten    hypothesis. 
The  periodic  law  or  arrangement  of 
the  elements  into  classes  showing 
similar  physical  properties  is  like- 
wise  of  use.     A  complete,   lucid, 
and  exhaustive  statement  of  the 
most  recent  position  of  our  know- 
ledge of  the  true  atomic  weights 
of  the  elements  will  be  found  in 
Lothar  Meyer's  posthumous  tract, 
'Die  Atome  und  ihre  Eigenschaf- 
ten,'  Breslau,  1896.    In  this  valuable 
book,  as  also  in  Ostwald's  'Allge- 
meine Chemie,'  vol.  i.,  will  also  be 
found  an  account  of  the  degree  of  ac- 
curacy which  attaches  to  our  present 
knowledge  of  the  atomic  and  com- 
bining numbers,  which   form   the 
solid  foundation  of  all  quantitative 
chemistry  and  all  practical  applica- 
tions. 
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Polymor- 
phii>m. 


lich  discovered  another  crystalline  property   of  certain 
chemically  pure  substances.     He  found  that  some  sub- 
stances can  crystallise   in   more   than  one  distinct  and 
definite  form.     The  alums  and  vitriols  are  typical  of  iso- 
morphism.    As  typical  of  the  second  property,  which  was 
termed  by  him  dimorphism  or  polymorphism,  we  have 
the  well-known  mineral  calc-spar,  which  is  dimorphous 
with  aragonite,  both  having  the  same  chemical  constitution 
and  properties.     A  typical  example  of  dimorphism  is  the 
mineral  rutile,  which  is  chemically  the  same  substance  as 
the  mineral  anatase,  both  being  chemically  pure  titanic 
oxide.     Among  the  elements,  pure  sulphur  crystallises  in 
two  different  forms.     The  property  of  dimorphism  seemed 
at  first  to  contradict  the  inference  which  Mitscherlich  had 
drawn  from  his  first  discovery — viz,,  that  the  crystalline 
shape  is  expressive  of  the  number  and  chemical  connec- 
tion of  the  smallest  particles  or  atoms ;  but  the  further 
discovery,  that  if  of  two  isomorphous  bodies  one  is  dimor- 
phous, the  other  is  likewise  so,  gave  again  a  great  support 

to  the  geometrical  conception  of  atomic  complexes i.e., 

to  the  idea  that  chemical  individuality  is  ultimately  to  be 
explained  not  only  by  the  number,  but  also  by  the  mutual 
fixed  position  and  shape,  of  the  atoms.  And  yet  it  seemed 
a  long  way,  and  is  a  long  way  still,  from  the  external, 
visible,  and  well-marked  shape  of  a  crystal,  with  its 
peculiar  and  well-defined  geometrical,  elastic,  optical,  and 
thermal  properties,  to  the  primitive  molecule,  made  up  of 
still  more  simple  atoms,  in  the  form,  number,  and  arrange- 
ment of  which  we  are  again  and  again  tempted  to  see  the 
nature  of  chemical  or  quahtative  individuality.  To  obtain 
a  clear  view  in  this  way  would  be  to  work  our  way  from 
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outside  inward— a  method  which  has  rarely  led  to  definite 
results  in  scientific  research. 

A  department  of  chemical  science  called  structural       45 
chemistry— which    has    quite    recently    developed    into  f^^stiSj. 
stereo-chemistry— has  during  the  last  fifty  years  of  the  ''""'^* 
century  been  working  by  the  opposite  method.      Even 
those  organic   chemists  who  ridiculed   the  notion   that 
a  chemical  formula,  which  on  the  surface  of  the  paper 
on   which    it    is    written    cannot    help    making    use    of 
geometrical  position   and  proximities,  is  in  any  way  a 
picture  of  the  arrangements  of  atoms  in  real  space,  were 
nevertheless  forced  to  avail  themselves  of  this  symbolism. 
About  the  middle  of  the  century,  especially  through  the 
researches  of  Frankland,  followed  by  those  of  Couper  and 
Kekul^,  the  phenomenon  of  multiple  proportions  was  ex- 
plained  by  introducing  the   notion   of  saturation.     An 
element  which  can  combine  with  one  or  more  atoms  of 
the  same  or  of  different  elements  or  definite  chemical 
compounds  was  looked  upon  as  having  a  chemical  affinity 
which  might  be  wholly  or  only  partially  satisfied.     The 
different  compounds   arising  out  of    such   combinations 
would  then  represent  different  degrees  of  saturation  of 
the  first  element;  and  it  was  evident  that  elements  as 
well  as  compounds  could  be  arranged  according  to  the 
degrees  of  saturation  of  which  they  were  capable.     A 
compound  containing  elements  which  possessed  a  greater 
capacity  for  saturation  than  the  combination  afforded  was 
called  unsaturated.     The  term  valency  was  introduced  to       ,e. 
<ienote  the  degrees  of  saturation  of  elements  and  com-  ^''''''^• 
pounds,  which  were  therefore  mono-,  di-,  or  poly-valent, 
according  to  the  compounds  existing  in  fixed  simple  or 


448 


SCIENTIFIC    THOUGHT. 


fixed  multiple  proportions.  In  a  table  of  the  valencies 
or  saturating  capacities  of  elements  and  compounds,  the 
element  hydrogen  forms  the  unit  and  point  of  reference, 
as  it  does  in  the  scale  of  the  atomic  or  combining  weights, 
and  very  remarkable  relations  and  analogies  have  been 
established  between  the  periodic  law  of  Mendel^eff  and 
the  valency  of  the  different  elements.  Nevertheless  it 
must  be  remarked  that  the  valency  of  an  element  or 
compound  does  not,  according  to  our  present  knowledge, 
show  such  absolute  fixity  as  the  equivalents  or  combining 
weights  do,  or  as  the  angles  of  crystallisation  of  chemically 
pure  substances  do.^ 

The  introduction  of  the  conception  of  valency  has  had 
an  enormous  influence  on  the  development  of  the  science 
of  chemistry,  and  this  in  a  twofold  direction.  Its  prac- 
tical use  was  demonstrated  by  Kekule,  when  he  placed 
the  idea  of  the  tetravalency,  or  fourfold  saturating  capa- 
city, of  carbon  in  the  front  of  his  treatise  of  organic 
chemistry,^  and  by  so  doing  gave  a  great  impetus  to 
organic  research.     One  of  the  first  symbols  used  to  denote 


^  Not  only  are  many  of  the  ele- 
ments, such  as  oxygen  and  phos* 
phorus,  classed  differently  by  dif- 
ferent chemists  according  as  their 
valency  or  saturating  capacity  is 
put  at  a  higher  or  lower  multiple, 
but  compounds  which  are  univer- 
sally considered  to  be  saturated 
compounds,  such  as  neutral  salts 
and  water,  form  chemical  combina- 
tions according  to  their  combining 
numbers,  which  are  quite  defi- 
nite and  stable :  such  are  the  hy- 
drated  crystallised  salts  and  the 
double  salts.  These  compounds 
are  called  "molecular  compounds." 
Various  explanations  have  been  at- 
tempted, but  the  fact  remains  that 


**no  characteristic  distinction  has 
been  found,  either  in  physical  or 
chemical  behaviour,  between  the 
ordinary  compounds  and  the  mo- 
lecular compounds  ;  and  therefore, 
strictly  speaking,  from  the  pheno- 
mena exhibited,  at  present  no  other 
coaclusion  can  be  drawn  except 
that  chemical  compounds  do  un- 
doubtedly exist  which  cannot  be 
included  in  the  structure  scheme 
which  is  based  on  the  doctrine  of 
a  constant  valency"  (see  Nernst, 
'Theoretical  Chemistry,'  transl.  by 
^Palmer,  London,  1895,  p.  246). 
Ir  2  A.  Kekul^  (1829-1896),  'Lehr- 
buch  der  organischen  Chemie,'  1st 
ed.,  Erlangen,  1859,  and  later. 
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the  valency  of  an  element  wa.  to  attach  to  it  as  many 
lines  as  it  possessed  capacities  of  saturation.     The  capa 
cities  of  saturation  or  valencies  thus  appeared  very  early 
as  points  of  saturation,  and  the  saturation  itself  as  a 
inkage.     These  geometrical  artifices  or  expressions  were 
for  a    ong  time,  used  merely  a^  symbols,  and  to  the 
present  day  many  eminent  chemists  refuse  to  attach  to 
them  any  real  meaning :  formula  of  this  kind  were  called 
formula  of  structure,  not  of  constitution.     One  of  the       „ 
most  remarkable  instances  of  the  exact  use  of  linkages  ^ 
to  explam  the  difference  of  a  series  of  organic  compounds, 
all  closely  connected  with  ea^h  other,  is  the  theory  of  the 
so-called  aromatic  compounds,  derived  from  benzene  which 
we  owe  to  Kekul,!.     It  has  stood  the  criticism  of  more 
than  a  quarter  of  a  century,  and  has  led  to  the  most 
wonderful  practical  knowledge  of  a  large  number  of  old 
and  new  compounds. 

It  is  not  astonishing  if,  in  the  face  of  these  remark- 
able strides  which  geometrical  symbols  have  led  to 
an  attempt  has  been  made  to  form  an  actual  con- 
ception of  the  geometrical  figure  and  grouping  of  the 
atoms  of  which  chemical  molecules  and  compounds  are 
made  up. 

Space  relations  are  the  only  ones  in  which  the  differ- 
ence of  symmetry  and  asymmetry  can  be  at  all  conceived 
by  us;  and  when  chemical  compounds  were  discovered 
which  show  no  other  difference  than  that  one  of  them 
turns  the  plane  of  polarisation  of  a  ray  of  light  passing 
through  It  to  the  right,  the  other  to  the  left  side  the 
time  seemed  ripe  to  seek  an  explanation  of  this  'in  a 
purely  stereometrical   difference    of    form    or   grouping 
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In  1874  two  chemists,  Le  Bel  and  Van't  Hoff,  suggested 
independently  a  picture  of  the  tetravalent  carbon  atom, 
which  would  explain  how  it  could  enter  with  its  four 
points  or  capacities  of  saturation  into  two  compounds 
having  the  same  saturating  substances,  but  arranged  in 
ways  which  were  not  geometrically  superposable,  but  only 
symmetrical,  like  a  right-  and  left-hand  glove,  or  the 
48.  images  in  a  mirror.  The  suggestion  amounts  to  this, 
teto^iro^.  that  the  carbon  atom  has  the  shape  of  a  tetrahedron, 
the  four  corners  representing  the  four  valencies  or  capa- 
cities of  saturation.^ 

The  carbon  tetrahedron  is  the  last  step  which  has  been 
taken  in  the  development  of  the  atomic  view  of  matter 
and  of  nature.  No  book  on  organic  chemistry  can  now 
well  avoid  introducing  this  and  other  similar  ways  of 
representing  chemical  relations.  On  the  further  special- 
isation of  this  conception  will  probably  depend  to  a  large 
extent  the  future  of  our  chemical  theory — i,e,,  of  our  at- 
tempts to  grasp  the  qualitative  nature  of  different  sub- 
stances. It  is  clear  that  we  are  far  on  the  way  to  realising 
Wollaston's  prophecy  of  the  year  1808 — viz.,  "that  the 


^  This   speculation   was  at  first 

looked  upon  with  very  great  doubt. 

Only  few  chemists  of  note  took  it 

up ;  others,  such  as  Kolbe,  who  led 

a  consistent  opposition  to  the  ideas 

and     developments    of    structural 

chemistry,  treated  it  with  ridicule. 

Van't    HoflF,    ten    years    after    the 

publication  of  the  first  edition  of 

his    pamphlet,    *  La    Chimie    dans 

I'Espace'    (Rotterdam,    1875)    re- 

j^^^iewed    the    position   in   his    '  Dix 

Annees  dans  I'Histoire  d'une  The- 

orie'  (translated  by  Marsh,  Oxford, 

1891),  and,  after  reproducing  the 


two  opposite  reviews,  with  which 
the  original  theory  was  met  by 
Wislicenus  and  Kolbe,  was  able  to 
state  "  that  the  theory  in  question 
now  forms  part  of  elementary 
chemical  teaching,  and  is  to  be 
found  enunciated  in  the  most 
widely  used  text-books"  (transla- 
tion, p.  19).  Further  applica- 
tions of  the  theory,  especially  to 
the  compounds  of  nitrogen,  will  be 
found  in  the  2nd  edition  of  the 
German  translation  'Die  Lagerung 
der  Atome  im  Raume'  (Braunsch- 
weig, 1894). 


view. 


atomic  theory  could  not  rest  contented  with  a  knowledge 
of  the  relative  weights  of  elementary  atoms,  but  would 
have  to  be  completed  by  a  geometrical  conception  of  the 
arrangement  of  the  elementary  particles  in  all  the  three 
dimensions  of  solid  extension."  ^ 

But  though  a  further  development  of  the  atomic  view, 
not  only  "  pondere  "  but  also  "  mensura,"  may  be  expected 
in  the  near  future,  the  progress  of  chemistry,  which  has 
benefited  so  much  by  this  view  of  nature,  will  not  de-       49. 
pend  exclusively  upon  this  line  of  thought,  nor  perhaps  Sfuffidenc^y 
to  so  large  an  extent  as  it  has  done  during  the  greater  atomic  vi 
part  of  the  century.     We  have  seen  how   the  atomic 
theory  of  Dalton   rose   to   the   position  of  being  more 
than    a    convenient  symbolism,  and    how  it   became  a 
physical   theory   of  matter   and    of    nature    mainly    by 
the  support  which  it  received  from  a  different  line  of 
reasoning. 

The  development  of  this  line  of  reasoning  led  to  the 
employment  of  the  statistical  method,  a  view  quite 
foreign  to  other  branches  of  physical  science. 

The  kinetic  theory  of  gases  itself  had  been  elaborated 
in  connection  with  still  another  line  of  reasoning,  with 
the  endeavour  to  get  a  clearer 'and  more  comprehensive 
view  of  the  nature  of  the  different  forces  which  the 
astronomical  as  well  as  the  atomic  views  had  merely 
accepted  as  given  quantities  without  further  examination. 
We  are  thus  necessarily  led  on  to  trace  the  history  of 


^  See  Wollaston's  memoir,  "On 
Super -acid  and  Sub -acid  Salts," 
read  before  the  Royal  Society,  Jan. 
8,  1808  («Phil.  Trans.,'  1808,  p.  96, 
«c.),  where  he  even  suggests  the 


examination  of  the  stability  of  ag- 
gregates of  particles  in  different  con- 
figurations, mentioning  the  tetra- 
hedron, since  become  celebrated 
through  Pasteur  and  Van't  Hoff. 
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these  other  views  of  nature,  which  up  to  the  middle  of 
the  century  had  grown  up  independently. 

The  next  chapter  will  accordingly  deal  with  the 
kinetic  view  of  nature. 

At  the  time  when  the  atomic  theory  was  firmly  estab- 
lished and  defined,  the  great  founders  of  chemical  science 
were  well  aware  that  the  investigation  and  measurement 
of  chemical  forces,  of  what  was  termed  affinity,  was  just 
as  important  a  problem  as  the  fixing  of  the  combining 
weights  and  the  formulae  of  chemical  compounds. 

Accordingly  we  find  men  like  Bergmann,  BerthoUet, 

Davy,  Berzelius,  and  Faraday  all  propounding  or  suggest- 

50.       ing  theories  of  chemical  affinity,  some  of  which,  like  the 

Theories  of  ''  ' 

c^^icai  electro-chemical  theory,  remained  long  in  use.  The  diffi- 
culty, however,  which  was  experienced  in  defining,  and 
still  more  in  measuring,  chemical  affinity,  and  the  absence 
of  a  general  system  for  the  computation  and  calculation 
of  all  physical  quantities,  retarded  the  progress  of  this 
line  of  research  compared  with  the  study  of  the  weights 
or  proportions  of  mass  which  existed  in  chemical  processes, 
and  which  were  more  easily  ascertained  by  means  of  the 
balance,  and  made  intelligible  by  the  atomic  theory. 

The  tendency  of  chemical  reasoning  during  the  first 
half  of  the  century  lay  therefore  in  the  direction  of  a 
one-sided  development  of  the  knowledge  of  matter,  its 
definite  constituents  and  infinite  compounds,  rather  than 
in  a  study  of  that  equally  important  but  more  subtle 
quantity,  now  called  energy,  which  appears  or  disappears, 
but  is  never  created  or  destroyed  in  physical  or  chemical 
processes. 

A  clear  recognition  of  this  fundamental  doctrine — nay, 


even  a  name  for  the  thing  implied-did  not  exist  before 
the  middle  of  the  century.  How  both  were  gradually  intro- 
duced will  be  shown  in  another  of  the  following  chapters 

The  atomic  view  or  theory  which  gave  such  good  help 
in  classifying  and  in  studying  the  characteristic  feature 
of  all  chemical  processes-the  fact  that  they  take  place 
according  to  definite  proportions  of  weight-had  also  the 
effect  of  promoting  a  somewhat  one-sided  habit  of  thought 
m  the  domain  of  chemical  science  itself. 

The  search  for  the  elements,  the  fixing  of  their  com- 
bmmg  weights  and  properties,  absorbed  a  great  deal  of 
time,  labour,  and  ability. 

The  practical  demands  of  the  arts  stimulated  the  pre- 
paration of  metals,  of  acids,  and  of  alkalies,  all  of  which  .& 
possessed  useful  properties  in  their  isolated,  as  distin- 
guished from  their  natural,  condition.     This  gave  a  stimu- 
lus m  practice  to  the  invention  of  processes  of  disintegration 
and  m  reasoning  to  processes  of  analysis.    The  synthesis  or 
putting  together  was  expected  to  take  place  easily,  if  once 
the  elements  or  constituent  parts  were  got.     In  mineral 
chemistry  and  metallurgy  this  is  indeed  very  frequently 
the  case.     It  was  soon  found  that  it  is  not  so  in  organic 
chemistry,  and  that  when  in  organic  chemistry  a  synthesis 
IS  effected,  the  product  is  frequently  unlike  that  original 
natural  substance  from  the  analysis  or  disintegration  of 
Which  the  constituents  or  elements  were  procured 

It  soon  became  evident  that  synthesis  does  not  mean 
merely  addition.  A  certain  order  had  to  be  observed  in 
the  way  of  putting  together,  and  this  led  to  the  introduc- 
tion of  structural,  further  of  geometrical,  formute.  Even 
then,  however,  it  was  found  that  if  a  synthesis  succeeded 
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it  did  not  always  produce  a  natural,  but  frequently  a 
purely  artificial,  compound.  The  practical  effect  of  this 
discovery  has  been  remarkable,  not  to  say  astonishing. 
New  industries  have  been  founded,  and  a  branch  of 
science  has  been  created  called  "  organic  chemistry,"  but 
more  correctly  the  "chemistry  of  carbon  compounds," 
which  was  undreamt  of  in  the  beginning  of  the  century. 
52.        At  that  time  "  organic  chemistry  "  meant  that  branch  of 

Change  in  " 

definition  of  thc  scicucc  which  dealt  with  the  compounds  which  were 
chemistry,  found  in  the  structures  of  the  vegetable  and  animal 
kingdoms,  and  which  were  peculiar  to  them.^  This 
meaning  of  the  term  "organic  chemistry"  has  disap- 
peared ;  but  the  branch  of  science  which  deals  specially 
with  the  substances  contained  in  living  matter  has  not 
disappeared.  Only  the  development  of  chemistry  on  the 
lines  pre-eminently  prescribed  by  the  atomic  view  of 
nature  has  diverted  the  attention  of  many  investigators 
and  philosophers  from  the  original  problems  of  organic 
chemistry — the  study,  the  analysis,  and  the  reproduction 
or  synthesis  of  such  compounds  as  are  immediately  con- 
nected with  living  matter. 

To  the  extent  that  these  problems  which  have  not  lain 


*  The  merit  of  having  upheld  the 
twofold  aspect  of  organic  chem- 
istry and  of  having  urged  the 
necessity  of  two  distinct  ways  of 
analysing  organic  substances,  be- 
longs in  this  century  pre-eminently 
to  Chevreul.  Not  only  are  his 
*  Recherches  sur  les  Corps  gras 
d'Origine  animale,'  carried  on  from 
1813  to  1823,  a  model  work  of 
great  theoretical  and  practical 
value ;  but  he  has  in  various  writ- 
ings, notably  in  his  liistorical 
memoirs   (* Journal   des   Savants,' 


1852-60),  insisted  on  the  necessity 
of  studying  what  he  terms,  after 
Fourcroy,  "  les  principes  im- 
mediats,  qui  constituent  les 
vegetaux  et  les  animaux."  This 
study  is  based  upon  quite  a  different 
method  from  that  usually  called 
"  analyse  ^lementaire. "  Chevreul's 
great  work  has  been  continued  and 
developed  by  M.  Berthelot  in  his 
celebrated  book,  '  Chimie  organique 
fondee  sur  la  Synthase,'  1860,  two 
vols. 
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specially  on  the  lines  marked  out  by  the  atomic  view  of 
nature  have,  in  the  course  of  time,  reasserted  themselves, 
the  atomic  view  itself  has  been  regarded  with  less  favour 
by  students  who  have  made  these  problems  their  especial 
8  udy.  In  fact,  one  meets  not  infrequently  with  an  in- 
chnation  to  disparage  the  atomic  theory,  to  point  out 
that  It  IS  merely  a  hypothesis,  and  that  as  such  it 
should  only  assist,  but  not  govern,  scientific  research' 

In  the  domain  of  specially  chemical  reasoning  we  meet       53 
with  severe  criticisms  of  the  one-sided  and  formal  develop-  SfS^' 
ment  to  which  the  atomic  view  has  led,  of  the  playing  with  ''""• 
symbols  and  of  their  empty  formalism ;  notably  structural 
chemistry  and  stereo-chemistry  have  not  escaped  severe 
ridicule^     Whilst  it  is  not  very  evident  how  the  school 
from  which  these  criticisms  proceed  can  in  the  long-run 
escape   those  logical   consequences  which   are  embodied 
m  stereo-chemistry,  other  criticisms  claim  our  attention 


■ 


See    Berthelot,   'La    Synthase 
chimique,'   7»«  dd.,   1891,   p.   167. 
Le  pnncipal   reproche,    que   I'on 
puisse  adresser  k  la  th^rie   ato- 
mique,  comme  ^  toutes  les  concep- 
tions analogues,  c'est  qu'elles  con- 
duisent  h.  opdrer  sur  ces  rapports 
numdnques    des  Elements  et  non 
sur  les  corps  eux-memes,  en  rap- 
portant  toutes  les  reactions  k  une 
unite  type,   necessairement  imag- 
inaire.      Bref    elles    enl^vent    aux 
ph^nomdnes    tout    caract^re    rdel 
et  substituent   a    leur   exposition 
veritable  une  suite  de  considerations 
symboliques,  auxquelles  I'esprit  se 
complait,    parce    qu'il    s'y    exerce 
ayec  plus  de  facihtd  que  sur  les 
reahtes  proprement  dites  ...  les 
symboles  de  la  chimie  pre'sentant 
i^  cet  dgard  d'dtranges  seductions 
par  la  facility  algebrique  de  leurs 
combmaisons  et  par  les  tendances  i 


de  1  esprit  humain,  naturellement 
I   pprteji  substituer  a  la  conception 

directe  des  choses  ...  la  vue  plus 
I   ^^.  ,;  .  de  leurs  signes  reprd- 

^  The    late    eminent    Professor 

l^h^^^u  .?°^^  ^^  ^^^P«i«'  whose 
labours  both  alone  and  jointly  with 

Frankland  have  done  so  much  to 
break  down  the  formalism  of  the 
older  type  theory,   was  especially 
conspicuous  by  his  virulent  attacks 
on  the  representatives  of  'Modern 
Chemistry.'     The    controversy    is 
elaborately  and  lucidly  treated  by 
A.    Rau    m     'Die    Theorien     der 
modernen  Chemie '  (Braunschweig, 
187/ -84    3  parts),  which  contains 
very  valuable  historical  references. 
1  am  afraid  it  is  greatly  owing  to 
this  party  spirit  that  Kolbe's  own 
patness     is     hardly    sufficiently 
known  m  this  country. 


MMii&Si»«^pl%«^i^^ 
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because  they  follow  from  distinctly  defined  and  inde- 
pendent lines  of  reasoning.  The  three  criticisms  can  be 
summed  up  in  three  distinct  arguments,  all  three  de- 
manding our  special  and  exhaustive  study.  These  three 
arguments  may  be  summarised  as  follows : — 

First,  The  atomic  view  is  a  hypothesis  resting  upon  the 
fact  that  substances  combine  in  fixed  and  fixed  multiple 
proportions,  and  upon  the  further  observation  that  bodies 
both  in  the  solid  and  liquid  state  show  different  properties 
in  different  directions  of  space.  But  as  to  the  nature 
of  the  differences  of  the  elements  the  atomic  view  gives  no 
information ;  it  simply  asserts  these  differences,  assumes 
them  as  physical  constants,  and  tries  to  describe  them  by 
number  and  measurement. 

The  atomic  view  is  therefore  at  best  only  a  provisional 
basis,  a  convenient  resting-place,^  similar  to  that  which 
Newton  found  in  physical  astronomy,  and  on  which  has 
been  established  the  astronomical  view  of  nature. 

Second.  The  atomic  view  in  its  present  development 
gives  us  no  insight  into  the  nature  of  those  forces  on  which 
depend  the  formation  or  destruction  of  chemical  com- 
pounds. It  neglects  the  study  of  chemical  affinity.  This 
must  be  conducted  on  different  lines  of  observation  and 

2 


reasonmg. 

^  As  these  and  other  points  re- 
ferred to  here  will  be  taken  up  and 
fully  treated  in  future  chapters  of 
this  work,  I  abstain  from  giving 
exhaustive  references,  limiting  my- 
self to  such  writings  as  will 
give  the  reader  a  general  idea  of 
the  various  attempts  which  have 
been  made  to  go  beyond  or  behind 
the  Atomic  View  of  Nature  or  to 
supplement    it    by    other    views. 


Very  suggestive  in  the  first  instance 
is  Lord  Kelvin's  address  to  the 
mathematical  and  physical  section 
of  the  British  Association  in  1884, 
reprinted  in  the  first  volume  of  his 
*  Popular  Lectures  and  Addresses,' 
p.  218,  &c.,  "Steps  towards  a  Kin- 
etic Theory  of  Matter." 

^  In  respect  of  this  the  Introduc- 
tion to  the  first  edition  of  Lothar 
Meyer's  *  Modem  Theories  in  Chem- 


Third,  The  atomic  view,  as  developed  in  chemical  for- 
mulse,  has  unduly  favoured  and  promoted  the  analytical 
tendency  of  research  and  thought,  limiting  synthesis 
to  such  compounds  as  can  be  artificiaUy  prepared, 
but  neglecting  that  kind  of  synthesis  by  which  com- 
pounds are  formed  in  nature,  and  especially  in  living 
organisms.^ 

As  representative  of   these  three  lines   of  argument, 
leading  beyond  or  outside  of  the  atomic  view  of  nature,' 
I  mention  the  three  names  of  Lord  Kelvin  in  England,' 
coupled  with  the  kinetic— specially  the  vortex— theory  of 
matter ;  of  Professor  Ostwald  in  Germany,  coupled  with 
the  modern  doctrines   of  chemical  affinity;  and   of  M. 
Berthelot  in  France,  as  especially  identified  with  the  de- 
velopment of  modern  synthetical  methods  in  chemistry. 
In  the  next  chapter  I  shall  take  up  the  line  of  thought 
embodied  in  the  first  of  these  developments— the  kinetic 
view  of  nature.     In  order  to  understand  the  history  of 
this  view,  we  shall  have  to  go  back   to  opinions  held 

istry,'  written  in  1862  and  reprint- 
ed in  the  subsequent  editions  and 
also  in  the  English  translation  by 
Bedson  and  Williams  (London,  1888), 
gives  a  very  lucid  summary  of  the 
historical  developments.     The  pub- 
lication of  Meyer's  book,    by   the 
controversies    it   produced,    did   a 
great  deal  to  give  "  theoretical "  or 
"  physical "  chemistry  a  distinct  and 
independent      position.      Separate 
chairs  and  laboratories  for  physical 
chemistry  have  since  been   inaug- 
urated, first  at  Leipsic  and  subse- 
quently at  other  German  uni\«r.% 
sities.      See    Ostwald's   article   on 
Physikalische  Chemie,"  in  Ltiis] 
Die  deutschen  Universitaten,'  vol. 


ii.  p.  50,  &c.  Professor  Ostwald  is 
also  the  editor,  since  1857,  of  the 
first  periodical  devoted  to  physical 
chemistry.  To  his  great  work, 
entitled  'Allgemeine  Chemie,' 
which,  since  its  first  appearance 
in  1884,  has  done  so  much  for 
"general"  as  distinguished  from 
"  systematic  "  chemistry,  and  to  his 
numerous  suggestive  addresses,  I 
shall  frequently  have  occasion  to 
refer. 

^  See  the  works  of  M.  Berthelot, 
quoted  above,  pp.  454,  455;  also 
^  address  .bj  ^T&i,  Meldola  before 
tjhe  cjie^ica*  ^epttpn'of'.tjie  British 
Assocteftion  in  ]*895.  •    '  '  ' 
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already  in  antiquity;  just  as  I  showed  that  the  astro- 
nomical and  atomic  views  of  nature  grew  out  of  vaguer 
theories  of  older  times,  and  that  they  owe  their  revival 
and  scientific  usefulness  to  the  fact  that  they  have  re- 
ceived in  recent  days  the  precise  treatment  of  exact 
measurement  and  mathematical  reasoning. 


END    OF    THE    FIRST    VOLUME. 
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BAIRD,    J.   Q.   A. 

THE  PRIVATE  LETTERS  OF  THE 
MARQUESS  OF  DALHOUSIE.  Edited 
by  J.  G.  A.  BA.IRD.  Second  Impression. 
With  Portraits  and  Illustrations.  Demy 
8vo,  158.  net.  Popular  Edition.  Demy 
Svo,  6s.  net. 

BAIRD  LECTURES. 

{See  under  Flint,  Mitchell,  Nicol, 
and  Robertson.) 


BANKS,   D.  C. 

THE  ETHICS  OF  WORK  AND 
WEALTH.  By  D.  C.  Banks.  Crown 
Svo,  5s.  net. 


BARBOUR,   O.   P.,   D.PhU. 

A  PHILOSOPHICAL  STUDY  OF 
CHRISTIAN  ETHICS.  By  G.  F. 
Barbour,  D.PhiL  Crown  Svo,  Ts.  6d. 
net. 


BARBOUR.    R.   W. 

THOUGHTS  FROM  THE  WRITINGS 
OP  R.  W.  BARBOUR.  Post  Svo,  limp 
leather,  2s.  6d.  net. 


••BARFLEUR." 

NAVAL  POLICY.  A  Plea  for  the 
Study  of  War.  By  "Barfleur." 
Demy  Svo,  2s.  6d.  net. 


BARRETT,  C.    R.   B. 

HISTORY  OF  THE  ISth  HUSSARS. 
By  C.  R.  B.  Barrett.  2  vols,  small 
4to.    Illustrated.    63s.  net. 


BARRINQTON.    MICHAEL. 

THE  KING'S  POOL.  By  Michael  Bar- 
rinoton.    Crown  Svo,  ds. 

THE  REMINISCENCES  OP  SIR  BAR- 
RINGTON  BEAUMONT,  BART.  A 
Novel.    Crown  Svo,  6s 


BARTLETT,    E.   ASHMEAD-. 

THE  PASSING  OF  THE  SHEREEFIAN 
EMPIRE.  By  E.  Ashmbad-Bartlett. 
Illustrated.    Demy  Svo,  15s.  net. 


BELLE5HE1M,   ALPHONS,    D.D. 

HISTORY  OP  THE  CATHOLIC 
CHURCH  OF  SCOTLAND.  From 
the  Introduction  of  Christianity  to  the 
Present  Day.  By  Alphons  Belles- 
HEiM,  D.D.,  Canon  of  Aix-la-Chapelle. 
Translated,  with  Notes  and  Additions, 
by  Sir  D.  Oswald  Hunter  Blair,  Bart., 
O.S.  B. ,  Monk  of  Port  Augustus.  Cheap 
Edition.  Complete  in  4  vols,  demy  Svo, 
with  Maps.    Price  21s.  net. 


BESANT,    SIR  WALTER. 

RABELAIS.  (Foreign  Classics  for  English 
Readers.)  By  Sir  Walter  Besant. 
Fcap.  Svo,  Is.  net. 


BLACKBURN,    DOUOLA5. 

A  BURGHER  QUIXOTE.  By  Douglas 
Blackburn,  Author  of  'Prinsloo  of 
Prinsloosdorp.'  Second  Impression. 
With  Frontispiece.    Crown  Svo,  6s. 

RICHARD  HARTLEY :  PROSPECTOR. 
Crown  Svo,  6s. 


BLACKIE,    JOHN  STUART. 

NOTES  OP  A  LIFE.  By  John  Stuart 
Blackie.  Edited  by  his  Nephew,  A. 
Stodart  Walker.    Crown  Svo,  6s.  net. 

THE  LETTERS  OP  JOHN  STUART 
BLACKIE  TO  HIS  WIFE.  With  a 
few  earlier  ones  to  his  Parents.  Selected 
and  edited  by  his  Nephew,  A.  Stodart 
Walker.  Second  Impression.  Demy 
Svo,  128.  6d.  net. 

BLACKWOOD. 

BLACKWOOD'S  MAGAZINE.  Monthly, 
2s.  6d.    Post  free  for  one  year,  30s. 

ANNALS  OF  A  PUBLISHING  HOUSE. 
William  Blackwood  and  his  Sons  ; 
Their  Magazine  and  Friends.  By 
Mrs  Oliphant.  With  Four  Portraits. 
Third  Edition.  Demy  Svo.  Vols.  I. 
and  11. ,  £2,  28.  Large  Paper  Edition, 
£4,  4s.  net. 

ANNALS  OF  A  PUBLISHING  HOUSE. 
Vol.  III.  John  Blackwood.  By  his 
Daughter,  Mrs  Blackwood  Porter. 
With  Two  Portraits  and  View  of  Strath - 
tyrum.  Demy  Svo,  2l8.  Large  Paper 
Edition,  £2,  2s.  net. 


BLACKWOOD.— confd. 

TALES  FROM  BLACKWOOD.  First 
Series.  Price  Is.  each  in  Paper 
Cover. 

They  may  also  be  had  bound  in  12 
vols.,  cloth,  18s.  Half  calf,  richly 
gilt,  30s.  ' 

Or  the  12  vols,  in  6,  roxburghe,  21s. 
Half  red  morocco,  28s. 

TALES  FROM  BLACKWOOD.  Second 
Series.  Complete  in  Twenty-four  Shil- 
ling Parts.  Handsomely  bound  in  12 
vols.,  cloth,  30s.  In  leather  back,  rox- 
burghe .style,  37s.  6d.  Half  calf,  gilt, 
52s.  «d.    Half  morocco,  55s. 

TALES  FROM  BLACKWOOD.  Third 
Series.  Complete  in  Twelve  Shilling 
Parts.  Handsomely  bound  in  6  vols., 
cloth,  153. ;  and  in  12  vols.,  cloth,  18s. 
The  6  vols,  in  roxburghe,  2l8.  Half 
calf,  258.    Half  morocco,  2Ss. 

TRAVEL,  ADVENTURE,  AND  SPORT. 
From  'Blackwood's  Magazine.'  Uni- 
form with  '  Tales  from  Blackwood.'  In 
Twelve  Parts,  each  price  Is.  Hand- 
somely bound  in  6  vols.,  cloth,  15s. 
And  in  half  calf,  25s. 


NEW    EDUCATIONAL    SERIES. 

separate  Educational  Catalogue. 


See 


NEW  UNIFORM  SERIES  OP  NOVELS 
{Copyright). 

Crown  Svo,  cloth.    Price  3s.  6d.  each. 

Wenderholme.    By  P.  G.  Hamerton. 
The  Story   of   Margredel.     By  D. 

Storrar  Meldrum. 
A  Sensitive  Plant.    By  E.  D.  Gerard. 
Lady  Lee's  Widowhood.    By  General 

Sir  E.  B.  Hamley. 
Katie    Stewart,    and    other    Stories. 

By  Mrs  Oliphant. 
Valentine  and  his  Brother.    By  the 

Same. 
Sons  and  Daughters.    By  the  Same. 
Marmorne.     By  P.  G.  Hamerton. 
Reata.    By  E.  D.  Gerard. 
Beggar  my  Neighbour.     By  the  Same. 
The   Waters   of  Hercules.    By  the 

Same. 
Pair  to  See.    By  L.  W.  M.  Lockhart. 
Mine  is  Thine.    By  the  Same. 
Doubles  and  Quits.    By  the  Same. 
Piccadilly.      By   Laurence   Oliphant 

With  Illustrations. 
Lady  Baby.    By  D.  Gerard. 
Poor  Nellie.    By  A  Plain  Woman. 

STANDARD  NOVELS.  Uniform  in  size 
and  binding.  Each  complete  in  one 
Volume. 


BLACKWOOD— confd. 

FLORIN  SERIES.    Illustrated  Boards. 
Bound  in  Cloth,  2s.  6d. 

The  Cruise  of  the  Midge.    By  the 

Same. 
Cyril  Thornton.    By  Capt.  Hamilton. 
The  Provost,  &c.    By  John  Gait. 
Sir  Andrew  Wylie.    By  the  Same. 
Reginald  Dalton.    By  J.  G.  Lockhart. 
Pen  Owen.    By  Dean  Hook. 
Adam  Blair.    By  J.  G.  Lockhart. 
Lady  Lee's  Widowhood.    By  General 

Sir  E.  B.  Hamley. 
The    Perpetual    Curate.      By   Mrs 

Oliphant. 
John  !  A  Love  Story.    By  the  Same. 

SHILLING  SERIES,  Illustrated  Cover. 
Bound  in  Cloth,  Is.  6d. 

The     Rector,     and     The     Doctor's 

Family.    By' Mrs  Oliphant. 
The   Life   of   Mansie    Wauch.      By 

D.  M.  Moir. 
Peninsular    Scenes    and    Sketches. 

By  P.  Hardman. 
Sir    Frizzle    Pumpkin,    Nights    at 

Mess,  &c 
Valerius  ;  A  Roman  Story.    By  J.  G. 

Lockhart. 

BON  GAULTIER'S  BOOK  OF 
BALLADS.  Eighteenth  Edition,  with 
Autobiographical  Introduction  by  Sir 
Theodore  Martin,  K.C.B.  With 
Illustrations  by  Doyle,  Leech,  and 
Crowquill.    Small  4to,  5s.  net. 

BOWHILL,   MAJOR  J.    H. 

QUESTIONS  AND  ANSWERS  IN  THE 
THEORY  AND  PRACTICE  OF  MILI- 
TARY TOPOGRAPHY.  By  M^jor 
J.  H.  Bowhill.  Crown  Svo,  4s.  6d. 
net.  Portfolio  containing  34  working 
plans  and  diagrams,  3s.  6d.  net. 

BRACKENBURY,   GENERAL   SIR 
HENRY,  Q.C.B. 

SOME  MEMORIES  OF  MY  SPARE 
TIME,  1856-1885.  By  General  the  Right 
Hon.  Sir  Henry  Brackenbury,  G.C.B. 
With  Portrait.    Crown  Svo,  5s.  net. 

BREADALBANE,  THE  MARCHION- 
ESS OF. 

THE  HIGH  TOPS  OF  BLACK  MOUNT. 
By  the  Marchioness  of  Breadalbane. 

Second  Impression.  With  Illustrations 
from  Photographs  by  Olive  Mackenzie. 
Short  demy,  6s.  net. 


BREBNER,   ARTHUR. 

PATCHES  AND  POMANDER.   A  Novel. 
By  Arthur  Brebner.    Crown  Svo,  6s. 


•'i 
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"?1i'^?bb1S"-wa'Je  of  destiny. 

By  Philippa  Bridges.    Crown  8vo,  6s. 

^DEMOSTHENES.  *  (Ancient  Classics  for 
Englisb  Readers.)  By  W.  J.  Brodribb. 
Fcap.  8vo,  Is.  net. 

BRUCE,    MAJOR   CLARENCE    DAL- 

l/\^E^^F00T3TEPS  OF  MARCO 
POLO.  Being  the  Account  of  a  Journey 
Overland  from  Simla  to  Pekin.  By 
Major  Clarkncb  Dalrymple  Bruce. 
With  Illustrations.    Demy  8vo,  2l8.  net. 

^ViS'^WAl'S  BY  THE   THRESH. 

OLD,     AND    OTHER    TaLES.       By    JOHN 

BucHAN.  Second  Impression.  Crown 
Svo,  (Js. 

A  LODGE  IN  THE  WILDERNESS. 
Second  Impression.    Short  demy  Svo,  6s. 

THE  MOON  ENDURBTH:  Tales  and 
F.\NCiES.    Crown  Svo,  6s. 

SOME  EIGHTEENTH  CENTURY  BY- 
WAYS,    AND     OTHER    BSSAYS.         Ucmy 

Svo,  78.  6d.  net. 

BURTON,   JOHN   HILL,  D.CL. 

THE  HISTORY  OF  SCOTLAND.  From 
Aericola's  Inva.sion  to  the  Extmction  of 
the  last  Jacobite  Insurrection.  By 
John  Hill  Burton,  D.C.L.,  Historio- 
erapher-Royal  for  Scotland.  Cheaper 
Edition.  In  8  vols,  crown  Svo,  2s.  6d. 
net  each. 

THE  BOOK-HUNTER.  A  New  Edition, 
with  specially  designed  Title-page  and 
Cover  by  Joseph  Brown.  Printed  on 
antique  laid  paper.    Post  Svo,  Ss.  6d. 


BUTE,  JOHN,  MARQUESS  OF. 

THE  ROMAN  BREVIARY.  Reformed 
by  Order  of  the  Holy  CEcumenical  Coun- 
cil of  Trent ;  Published  by  Order  of 
Pope  St  Pius  V. ;  and  revised  by  Cle- 
ment VIII.  and  Urban  VIII. ;  together 
with  the  Offices  since  granted.  Trans- 
lated out  of  Latin  into  English  by 
John,  Marquess  of  Bute,  K.T.  New 
Edition,  Revised  and  Enlarged.  In 
4  vols,  crown  8vo,  428.  net.  In  1  vol. 
crown  4to,  63s.  net. 

TH  :  ALTUS  OF  8T  COLUMBA.  With 
i  Prose  Paraphrase  and  Notes.  By 
»,  HN,  Marquess  of  Bute,  K.T.  In 
p.  per  cover,  28.  6d. 


BUTE.  JOHN,   MARQUESS  OF. 

SERMONES,  FRATRIS  AD^,  0RDINI8 
PR^MONSTRATENSIS,&c.  Twenty- 
eight  Discourses  of  Adam  Scotus  of 
Whithorn,  hitherto  unpublished;  to 
which  is  added  a  Collection  of  Notes  by 
the  same,  illustrative  of  the  rule  of 
St  Augustine.  Edited,  at  the  desire  of 
the  late  Marquess  of  Bute,  K.T., 
LL.D.,  &c.,  by  Walter  de  Gray  Birch, 
LL.D.,  F.S.A.,  ofthe  British  Museum, 
&c.    Royal  Svo,  25s.  net. 

CATALOGUE  OF  A  COLLECTION  OF 
ORIGINAL  MSS.  formerly  belonging 
to  the  Holy  Office  of  the  Inquisition  in 
the  Canary  Islands.  Prepared  under 
the  direction  of  the  late  Marquess  of 
Bute,  K.T.,  LL.D.,  by  Walter  de 
Gray  Birch,  LL.D.,  F.S.A.  2  vols, 
royal  Svo,  £3,  38.  net. 

BUTE,      MACPHAIL,      and      LONS- 

DALE 

THE  ARMS  OF  THE  ROYAL  AND 
PARLIAMENTARY  BURGHS  OF 
SCOTLAND.  By  John,  Marquess  of 
Bute,  K.T.,  J.  R.  N.  Macphail,  and 
H  W.  Lonsdale.  With  131  Engrav- 
ings  on  wood,  and  11  other  Illustra- 
tions.   Crown  4to,  £2,  28.  net. 

BUTE,  STEVENSON,  and  LONS- 
DALE 

THE  ARMS  OF  THE  BARONIAL 
AND  POLICE  BURGHS  OF  SCOT- 
LAND. By  John,  Marquess  of  Bute, 
K.T.,  J.  H.  Stevknson,  and  H.  W. 
Lonsdale.  With  numerous  Illustra- 
tions.   Crown  4to,  £2,  2s.  net. 

CAIRO,    EDWARD,   LL.D. 

HEGEL.  (Philosophical  Classics  for 
English  Readers.)  By  Edward  Caird, 
LL.D.    Fcap.  Svo,  Is.  net. 


CAIRD,   PRINCIPAL. 

SPINOZA.  (Philosophical  Classics  for 
English  Readers.)  By  Principal  Caird. 
Fcap.  Svo,  Is.  net. 

CALDWELL,      PROFESSOR      WIL- 

SCHOPENHAUER'S  SYSTEM  IN  ITS 
PHILOSOPHICAL  SIGNIFICANCE 
(the  Shaw  Fellowship  Lectures, 
1893).  By  Professor  William  Cald- 
well, D.Sc,  M'Gill  University,  Mon- 
treal.   Demy  Svo,  10s.  6d.  net. 

CALLWELL,    COL.   C.  E.,    C.B. 

THE  EFFECT  OF  MARITIME  COM- 
MAND ON  LAND  CAMPAIGNS 
SINCE   WATERLOO.     By  CoL  C.  B. 

1         CALLWELL,  C.B.     With    Plans.     Post 

I         Svo,  68.  net. 


General   Literature. 


CALLWELL,  COL.  C.  E.,  C.B.—contd. 

TACTICS  C»F  TO-DAY.  Second  Edition. 
Crown  Svo,  28.  6d.  net 

MILITARY  OPERATIONS  AND  MARI- 
TIME PREPONDERANCE:  Their 
Relations  and  Interdependence. 
Demy  Svo,  16s.  net. 

THE  TACTICS  OF  HOME  DEFENCE. 

Crown  Svo,  3s.  6d.  net. 

SERVICE  YARNS  AND  REMINIS- 
CENCES.   Crown  Svo,  68. 

CALLWELL,  J.  M. 

OLD  IRISH  LIFE.  By  J.  M.  Callwell. 
Illustrated.    Demy  Svo,  10s.  net. 

CANDLER,    EDMUND. 

THE  MANTLE  OF  THE  EAST.  By 
Edmumd  Candler.  Illustrated.  Crown 
Svo,  68.  net. 

THE  GENERAI.  PLAN.    Crown  Svo,  6s. 

CAREY,   WYMOND. 

"No  101."  Third  Impression.  By  Wy- 
MoND  Carey.     Crown  Svo,  6s. 

CARLYLE,      R.      W.,      CLE.,      and 
A.   J.,    M.A. 

A  HISTORY  OF  MEDIEVAL  POLI- 
TICAL THEORY  IN  THE  WEST. 
By  R.  W.  Carlyle,  C.I.E.,  Balliol 
College,  Oxford;  and  A.  J.  Carlyle, 
M.A.,  Chaplain  and  Lecturer  (late 
Fellow)  of  University  College,  Oxford. 
In  3  vols,  demy  Svo.  Vol.  I.— A  History 
of  Political  Theory  from  the  Roman 
Lawyers  of  the  Second  Century  to  the 
Political  Writers  of  the  Ninth.  By 
A.  J.  Carlyle.  15s.  net.  VoL  II.— 
Demy  Svo,  15s.  net. 

"  CHASSEUR." 

A  STUDY  OP'tHB  RUSSO-JAPANESE 
WAR.  By  "Chasseur."  Crown  Svo, 
6s.  net. 

CHESNEY,  SIR  GEORGE,   K.C.B. 

THE  DILEMMA.  By  General  Sir 
George  Chesney,  K.C.B.  A  New 
Edition.     Crown  Svo,  2s. 

CHRISTIE,   REV.  GEORGE,   B.D. 

THE  INFLUENCE  OF  I-ETTERS  ON 
THE  SCOTTISH  REFORMATION. 
By  Rev.  Gkoroe  Christie,  B.D.  Crown 
Svo,  6s.  net. 

CHURCH,    REV.   A. 

OVID.  (Ancient  Classics  for  English 
Readers.)  By  Rev.  A.  Church.  Fcap. 
Svo,  Is.  net. 


PLINY.  (Ancient  Classics  for  English 
^ders.)  By  Rev.  A.  Church  and 
W.  J.  Brodribb.    Fcap.  Svo,  Is.  net. 

CHURCH  SERVICE  SOCIETY 

A     BOOK     OF     COMMON     ORDER- 
BEING  Forms  of  Worship  issued  by 
the  Church  Service  Society.   Seventh 
Edition,   carefully  revised.     In  1  vol 
crown  8vo,  cloth,  3s.  6d. ;  French  morl 

»wt:  ^f     ^^'^  ^^  2  vols,  crown  Svo, 
cloth,  4s, ;  French  morocco,  6s.  6d. 

^^^51  OFFICES  FOR  MORNING 
AND        EVENING        PRAYWr 

Sv^^'S^S^^^^  ^H^  WEe£    Cro%5 
bvo,  38.  6d. 

^  CmpB^FV^^ V^^^.  SERVICE  FOR 
CHILDREN.  Issued  by  the  Church 
g^™e^Society.    With  Scottish  Hymnal. 

^siLEH^.'^'A^i'^  "^^"t  K.C.M.G. 

SALEH.    A   Sequel.       By    Sir    Hugh 

Clifford,  K.C.M.G.    Crown  Svo,  68. 
CLODD,   EDWARD. 

THOMAS  HENRY  HUXLEY.  "Mod- 
era  English  Writers."  By  Edward 
Clodd.    Crown  Svo,  2s.  6d. 

CLOUSTON,  J.  STORE  R. 

THE    LUNATIC    AT    LARGE.      By  J. 

rrnS^\^'^T''°^v    ^'^^^^  Impression. 
Crown  Svo,  6s.    Cheap  Editionf  Is.  net 

The  Lunatic  at  Large.'    Third  Impres- 
sion.    Crown  Svo,  6s. 

«o      m,"'Si.?^P^®^^^°^-     Crown  Svo, 
6s.    Cheap  Edition,  6d. 

OUR  LADY'S  INN.    Crown  Svo,  68. 
GARMISCATH.    Crown  Svo,  6s. 

COLLINS,   C.   W. 

SAINT  SIMON.  (Foreign  Classics  for 
English  Readers.)  By  C.  W.  Collins. 
Fcap.  Svo,  Is.  net. 

S()PHOCLES.    (Ancient  Classics  for  Eng. 

lish  Readers.)    Fcap.  Svo,  Is.  net. 
PLATO.     (Ancient  Classics  for  English 

Readers.)    Fcap.  Svo,  Is.  net. 

COLLINS,   W.  E.   W. 

LEAVES     FROM     THE     DIARY     OP 

4    i?^£^I^^      CRICKETER.       By 
W.  a..  W.  Collins.    Crown  Svo,  6s. 

COLLINS,    REV.   W.   LUCAS 

BUTLER.  (Philosophical  Classics  for 
English  Readers.)  By  Rev.  W.  iT 
Collins.    Fcap.  Svo,  Is.  net. 

^S^^Ai^NB  (Foreign  Classics  for 
English  Readers.)    Fcap.  Svo,  Is.  net. 
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COLLINS,   REV.  W.   4^CAS. 
iS        FONTAINE,        AND        9^°^f^^ 
FRENCH  FABULISTS.   (Foreign  Clas- 
sics  for  English  Readers.)    Fcap.  8vo, 

TTAMFR  ILIAD-HOMER,  ODYSSEY— 

^VrnGnStcERO-ARISTOPHANES 

pSuTUS  AND  TEKENCE-LUC- 

ZkN-LIVY-THUCYDlDES.      (An- 

^nt   Classics   for   English    Readers.) 

Fcap.  8vo,  Is.  net. 

^^e^5i'    ^JIfK^S?-S^S0"N.      By   Mrs 
Kenneth  Combe.    Second  Impression. 
Crown  8vo,  6s. 
SEEKERS  ALL.    Crown  Svo,  68. 

COMPTON -BURNETT,   !•      „         _ 

DOLORES.     By   L    Compton-Borkett. 

Crown  Svo,  6s. 

^?.SSS''jlMf^A"T.LE.      By    OosKPH 
Conrad.     Fonrth  Impression.     Crown 
Svo,  6s. 
YOUTH  :  A  Narrative.    Third  Impres- 
sion.   Crown  Svo,  6s. 

COOPER.   REV.  PROCESSOR. 

T  TTT'RGY  OF  163(,  COMMOiNljl 
CAUSED  iluD'S  LITURGY.  Ed- 
ited \>Y  the  Rev.  Professor  Cooper, 
D.D.,  Glasgow.    Crown  Svo,  7s.  6d.  net. 

COPLESTON.   BISHOP. 

^CHYLUS.  (Ancient  Classics  for  Eng- 
Ush  Readers.)  By  Bishop  Copleston. 
Fcap.  Svo,  Is.  net. 


CORNFORD,    L.   COPE. 

TROUBLED    WATERS.     By 
CoRNTOBD.    Crown  Svo,  6s. 


L.    Cope 


COUNTY     HISTORIES     OF     SCOT- 

LAN  D.    In  demy  Svo  volumes  of  about 

350  pp.  each.    With  Maps.    Price  78.6d. 

net. 
FIFE    AND    KINROSS.       By    ^neab 

J.  G.  Mackay,  LL.D.,  Sheriff  of  these 

Counties. 
DUMFRIES    AND     GALLOWAY.     By 

Sir   Herbert   Maxwell,   Bart.,  M.f. 

Second  Edition. 
MORAY    AND    NAIRN.     By  Charles 

RAMpnn,  LL.D.,  Sheriff  of  Dumfries 

and  Galloway. 
INVERNESS.      By   J.   Cameron  Lees, 

D.D. 
ROXBURGH,      SELKIRK,       AND 

PEEBLES.     By  Sir  George  Douglas, 

Bart. 


COUNTY     HISTORIES     OF     SCOT- 
LAND—contd.  _     ^ 
ABERDEEN    AND    BANFF.     By  Wil- 
liam Watt,  Editor  of  Aberdeen  'Daily 
Free  Press.' 

COUTTS,   H.   B.  MONEY.         _„^^ 
FAMOUS    DUELS    OF    THE    FLEET. 
By    H.     B.    Money     Coutts.      With 
Coloured  Frontispiece  and  Illustrations 
by  N.  Wilkinson.    Crown  Svo,  6s. 

CRAIK,  SIR  HENRY,  K.C.B.,  M.P. 

A  CENTURY  OF  SCOTTISH  HIS- 
TORY. From  the  Days  before  the  '45 
to  those  within  living  Memory.  By  Sir 
Henry  Craik,  K.C.B.  With  Portraits. 
Demy  Svo,  10s.  6d.  net. 

CRAWFORD.   ALEXANDER. 

KAPAK.  By  Alexander  Crawford. 
Crown  Svo,  6s. 

CRAWFORD,    F.   MARION. 

SARACINESCA.  By  F.  Marion  Craw- 
ford. Crown  Svo,  Ss.  6d.  Cheap 
Edition,  Is.  net.    People's  Edition,  6d. 

CROALL  LECTURES. 

{See  under  Nicol  and  Rober 

CROSS,   J.   W. 

IMPRESSIONS  OF  DANTE  AND  OF 
THE  NEW  WORLD.  By  J.  W.  Cross. 
Post  Svo,  6s. 

THE  RAKE'S  PROGRESS  IN  FIN- 
ANCE.   Crown  Svo,  28.  net, 

CUMMING,  C.   F.   GORDON. 

MEMORIES.  By  C.  F.  Gordon  Gum- 
ming.   Demv  Svo.    Illustrated,  20s.  net. 

AT  HOME  IN  FIJI.    Post  Svo,  6s. 

A  LADY'S  CRUISE  IN  A  FRENCH 
MAN-OF-WAR.    Cheap  Edition.    6s. 

FIRE-FOUNTAINS.    Illustrated,  25s. 

GRANITE  CRAGS.  Post  Svo.  Illus- 
trated.   Cheap  Edition.    6s. 

WANDERINGS  IN  CHINA.  Small  post 
Svo.    Cheap  Edition.    6s. 


CURTIS,   HARPER. 

THE  LORD  DOLLAR  (Don  Dinero). 
By  Harper  Curtis.    Crown  Svo,  6s. 

CURTIS,   MARGUERITE. 

THE    BIAS.     By  Marguerite  Curtis. 

Crown  Svo,  6s. 
MARCIA:     A  Transcript  from  Life. 

Crown  Svo,  6s. 
OH !  FOR  AN  ANGEL.    Crown  Svo,  68. 

DAVIES,   J.  „      ..  4^ 

HESIOD  AND  THEOGNIS.  (Ancient 
Classics  for  English  Readers.)  By  J. 
Davies.  Fcap.  Svo,  Is.  net. 
CATULLUS,  TIBULLUS,  AND  PRO- 
PERTIUS.  (Ancient  Classics  for  Eng- 
lish Readers.)    Fcap.  Svo,  Is.  net. 
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DAVIS,   JESSIE  AINSWORTH. 

"WHEN  HALF-GODS  GO."  By  Jessie 
AiNswoRTH  Davis.  Second  Impres- 
sion.   Crown  Svo,  6s. 

DE   HAVEN,  AUDREY. 

THE  SCARLET  CLOAK.  By  Audrey 
DE  Haven.    Crown  Svo,  6s. 

DESCARTES. 

THE  METHOD,  MEDITATIONS,  AND 
PRINCIPLES  OF  PHILOSOPHY  OF 
DESCARTES.  Translated  from  the 
original  French  and  Latin.  With  a  new 
Introductory  Essay,  Historical  and 
Critical,  on  the  Cartesian  Philosophy. 
By  Professor  Veitch,  LL.D.  Four- 
teenth Edition.    Crown  Svo,  6s.  6d. 

••DIES    IRAE."       The    Story    of    a 
■    Spirit   in    Prison.    Second   Edition. 
Crown  Svo,  Is.  6d.  net.     Paper  cover. 
Is.  net. 

DIVER,   MAUD. 

CAPTAIN  DESMOND,  V.C.  By  Maud 
Diver.  Ninth  Impression.  Crown  Svo, 
6s.    Cheap  Edition,  Is.  net. 

THE  GREAT  AMULET.  Seventh  Im- 
pression. Crown  Svo,  6s.  Cheap  Edi- 
tion, Is.  net. 

CANDLES  IN  THE  WIND.  Sixth  Im- 
pression. Crown  Svo,  6s.  Cheap  Edi- 
tion, Is.  net. 

THE  ENGLISHWOMAN  IN  INDIA. 
Crown  Svo,  5s.  net. 

DODDS  and  MACPHERSON. 

THE  LICENSING  ACTS  (SCOTLAND) 
CONSOLIDATION  AND  AMEND- 
MENT ACT,  1903.  Annotated  by 
J.  M.  DoDDs,  C.B.,  of  the  Scottish 
Ofl9ce;  Joint -Editor  of  the  'Parish 
Council  Guide  for  Scotland,'  and 
EwAN  Macpherson,  Advocate,  Legal 
Secretary  to  the  Lord  Advocate.  In 
1  voL  crown  Svo,  5s.  net. 

DONNE,   W.   B. 

EURIPIDES.  (Ancient  Classics  for  Eng- 
lish Readers.)  By  W.  B.  Donne. 
Fcap.  Svo,  Is.  net. 

TACITUS.  (Ancient  Classics  for  English 
Readers.)    Fcap.  Svo,  Is.  net. 

DOUGLAS,   CHARLES,   M.A.,  D.Sc. 

THE  ETHICS  OP  JOHN  STUART 
MILL.  By  Charles  Douglas,  M.A., 
D.Sc.,  late  Lecturer  in  Moral  Philos- 
ophy, and  Assistant  to  the  Professor 
of  Moral  Philosophy  in  the  University 
of  Edinburgh.    Post  Svo,  6s.  net. 

JOHN  STUART  MILL:  A  Study  of 
HIS  Philosopht.  Crown  Svo,  4s.  6d. 
net.  


DURAND,   SIR  H.   MORTIMER. 

A  HOLIDAY  IN  SOUTH  AFRICA. 
By  the  Right  Hon.  Sir  H.  M.  Durand, 
G.C.M.G.,  K.C.S.L,  &c.  Crown  Svo, 
6s.  net. 

ECCOTT,   W.  J. 

FORTUNE'S   CASTAWAY.      By    W.  J. 

Eccott.    Crown  Svo,  6s. 

HIS  INDOLENCE  OP  ARRAS.  Crown 
Svo,  6s. 

THE  HEARTH  OP  HUTTON.  Crown 
Svo,  6s. 

THE  RED  NEIGHBOUR.  Crown  Svo, 
6s.    Cheap  Edition,  Is.  net. 

THE  BACKGROUND.    Crown  Svo,  6s. 
A  DEMOISELLE  OP  FRANCE.    Crown 
Svo,  6s. 

ELIOT,  GEORGE. 

THE  NEW  POPULAR  EDITION  OP 
GEORGE  ELIOT'S  WORKS,  with 
Photogravure  Frontispiece  to  each 
Volume,  from  Drawings  by  William 
Hatherell,  R.L,  Edgar  Bundy,  R.I., 
By  am  Shaw,  R.I.,  A.  A.  Van  Anrooy, 
Maurice  Greiffenhagen,  Claude  A.  Shep- 
person,  R.L,  E.  J.  Sullivan,  and  Max 
Cowper.  Each  Work  complete  in  One 
Volume.  Handsomely  bound,  gilt  top. 
3s.  6d.  net.    Ten  Volumes  in  alL 

Adam  Beds. 

Scenes  of  Clerical  Life. 

The  Mill  on  the  Floss. 

Felix  Holt,  the  Radical. 

MiDDLEMARCH. 

Silas    Marner  ;    Brother    Jacob  ; 
The  Lifted  Veil. 

ROMOLA. 

Daniel  Deronda. 

The  Spanish  Gypsy;  Jural. 

Essays;  Theophrastus  Such. 

GEORGE  ELIOT'S  LIFE.  With  Por- 
trait and  other  Illustrations.  New 
Edition,  in  one  volume.  Crown  Svo, 
7s.  6d. 

LIFE  AND  WORKS  OF  GEORGE 
ELIOT  (Warwick  Edition).  14  volumes, 
cloth,  limp,  gilt  top,  2s.  net  per  volume ; 
leather,  limp,  gilt  top,  2s.  6d.  net  per 
volume;  leather,  gilt  top,  with  book- 
marker, 3s.  net  per  volume. 

Adam  Bede.    S26  pp. 

The  Mill  on  the  Floss.    S2S  pp. 

Felix  Holt,  the  Radical.    71S  pp. 

RoMOLA.    900  pp. 

Scenes  or  Clerical  Life.    624  pp 

Silas  Marner  ;  Brother  Jacob  ; 
The  Lifted  Veil.    560  pp. 

MiDDLEMARCH.  2  vols.  664  and 
630  pp. 

Daniel  Deronda.  2  vols.  616  and 
636  pp. 

The  Spanish  Gypsy  ;  Jural. 

Essays;  Theophrastus  Such. 

Life.    2  vols.,  626  and  5S0  pp. 
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ELIOT,   QEORQE—coiitd. 

».-WORKS  OF  GEORGE  ELIOT  (Standard 
Edition).  21  volumes,  crown  8vo.  In 
buckram  cloth,  gilt  top,  2s.  6d.  per  vol. ; 
or  in  roxburghe  binding,  Ss.  6d.  per  vol. 

Adam  Bede.    2  vols. 

The  Mill  on  the  Floss.    2  vols. 

Felix  Holt,  the  Radical.    2  vols. 

Rom  OLA.    2  vols. 

Scenes  of  Clerical  Life.    2  vols. 

MiDDLEMARCH.      .3  VOlS. 

Daniel  Dkkonda.    3  vols. 
Silas  Marner.    1  vol. 
Jural.    1  voU 
The  Spanish  Gypsy.    1  vol. 
Essays.    1  vol. 
Theophrastus  Such.    1  vol. 

LIFE  AND  WORKS  OF  GEORGE 
ELIOT  (Cabinet  Edition).  24  volumes, 
crown  8vo,  price  £6.  Also  to  be  had 
handsomely  bound  in  half  and  full  calL 
The  Volumes  are  sold  separately,  bound 
in  cloth,  price  5s.  each. 
NOVELS  BY  GEORGE  ELIOT.  Popu- 
lar copyright  Edition.  In  new  uniform 
binding,  price  33.  6d.  each. 
Adam  Bede. 

The  Mill  on  the  Floss. 
ScF.NEs  OF  Clerical  Life. 

ROMOLA. 

Felix  Holt,  the  Radical. 
Silas  Marker;   The  Lifted  Veil; 
Brother  Jacob. 

MiDDLEMARCH. 

Daniel  Deronda. 
ESSAYS.    New  Edition.    Crown  8vo,  5s. 
IMPRESSIONS    OF    THEOPHRASTUS 
SUCH.    New  Edition.    Crown  8vo,  5s. 

THE  SPANISH  GYPSY.  New  Edition. 
Crown  8vo,  5s. 

THE  LEGEND  OF  JUBAL,  and  other 
Poems,  Old  and  New.  New  Edition. 
Crown  Svo,  5s, 

SILAS  >LA.RNER.  New  Edition,  with 
Illustrations  by  Reginald  Birch.  Crown 
8vo,  Is.  6d.  net.    Cheap  Edition,  28.  6d. 

SCENES  OF  CLERICAL  LIFE.  Cheap 
Edition,  3s.  Illustrated  Edition,  with 
20  Illustrations  by  H.  R.  Millar,  crown 
Svo,  2s.  6d. ;  plain  cloth,  28. ;  paper 
covers,  Is. 

ADAM  BEDB.  New  Edition,  crown  8vo, 
paper  cover.  Is. ;  crown  Svo,  with  Illus- 
trations, cloth,  2s. 

THR  MILL  ON  THE  FLOSS.  New 
Edition,  paper  covers.  Is. ;  cloth,  28. 

WISE  WITTY,  AND  TENDER  SAY- 
INGS IN  PROSE  AND  VERSE. 
Selected  from  the  Works  of  George 
Eliot.  New  Edition.  Fcap.  8vo, 
3s.  Qd. 


ELLIS,   BETH.  ^  ^       ^ 

BLIND   MOUTHS.    Crown  Svo,  6s. 

THE    MOON    OF    BATH.      Fourth   Im 
pression.    Crown  8vo,  68.    Cheap  Edi- 
tion, Is.  net. 

THE  KING'S  SPY.    Second  Impression. 

Crown  Svo,  6s.  ,,  ,    „ 

A  KING  OF  VAGABONDS.    CVn  Svo,  bs. 

ELTON,   PROFESSOR.         ^     ^ 

THE  AUGUSTAN  AGES.  By  Oliver 
Elton,  M.A.,  Professor  of  English 
Literature,  University  College,  Liver- 
pool.   Crown  Svo,  5s.  net. 

^HISTORY'  OF  ^THE  ROYAL  AND 
ANCIENT  GOLF  CLUB,  ST  AN- 
DREWS. By  H.  S.  C.  EvERARD.  \Vith 
Eight  Coloured  Portraits.  Crown  4to, 
21s.  net. 


F 

STORIES  OF  THE  ENGLISH.  By  F. 
With  50  Illustrations.  Crown  Svo, 
3s.  6d.  net. 

FERRIER,   PROFESSOR. 

PHILOSOPHICAL  REMAINS.  Crown 
Svo,  14s. 

FITZGERALD,  JOHN  GODWIN. 

RUTH  WERDRESS,  FATHER  OHAR- 
ALAN,  AND  SOME  NEW  CHRIS- 
TIANS. An  Anglo-Irish  Tale.  By 
John  Godwin  Fitzgerald.  Crown 
Svo,  6s. 

FLINT.  PROFESSOR, 

PHILOSOPHY  AS  8CIENTIA  SCI- 
ENTIARUM.  A  History  of  Classifica- 
tions of  the  Sciences.  By  Robert 
Flint,  D.D.,  LL.D.    10s.6d.net. 

STUDIES  ON  THEOLOGICAL,  BIBLI- 
CAL, AND  OTHER  SUBJECTS. 
7s.  6d.  net.  „    ,._ 

HISTORICAL  PHILOSOPHY  IN 
FRANCE  AND  FRENCH  BELGIUM 
AND  SWITZERLAND.    Svo,  2ls. 

THEISM.  Twelfth  Edition,  Revised. 
Crown  Svo,  7s.  6d.  „.  ^^^ 

ANTI-THEISTIC  THEORIES.  Eighth 
Edition.     Crown  Svo,  10s.  6d. 

VICO.  (Philosophical  Classics  for  English 
Readers.)    Fcap.  Svo,  Is.  net. 

FOREIGN  CLASSICS  FOR  ENG- 
LISH READERS.  Edited  by  Mrs 
Oliphant.  Price  Is.  each  net.  I' or 
List  of  Vols,  see  p.  32. 

•'i'Js^^.l'T  OF  ™e  fmi.AV  MUTINY. 
By  G.  W.  Forrest,  CLE.  Ex-Director 
of  Records,  Government  of  India.  2 
vols,  demy  Svo,  38s.  net. 

THE  INDIAN  MUTINY.  Vol.  in.— 
The  Central  Indla.  Campaign.  With 
Plans  and  Illustrations.  Demy  Svo, 
20s.  net. 
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FORREST,    G.   W.,   CLE.— contd. 
LIFE      OP      FIELD -MARSHAL      SIR 
NEVILLE         B.        CHAMBERLAIN, 
G.C.B.,    G.C.S.L      With    two    Photo- 
gravure Portraits.    Demy  Svo,  ISs.  net. 

FORSTER,   E.  M. 

WHERE  ANGELS  FEAR  TO  TREAD. 

By  B.  M.  Forster.    Crown  Svo,  6s. 
THE    LONGEST    JOURNEY.      Second 

Impression.    Crown  Svo,  68. 

FOULIS,   HUGH. 

THE  VITAL  SPARK.    By  Hugh  Foulis. 

Illustrated.    Is.  net. 
IN    HIGHLAND    HARBOURS    WITH 

PARA  HANDY.    Crown  Svo,  Is.  net. 

FRANKLIN,   MILES. 

SOME  EVERYDAY  FOLK  AND  DAWN. 
By  Milks  Franklin.    Crown  Svo,  6s. 

FRASER,  PROFESSOR  A.  CAMP- 
BELL. 

PHILOSOPHY  OF  THEISM.  Being 
the  Gifford  Lectures  delivered  before 
the  University  of  Edinburgh  in  1S94- 
96.  By  Alexander  Campbell  Fraser, 
D.C.L.,  Oxford ;  Emeritus  Professor  of 
Logic  and  Metaphysics  in  the  University 
of  Edinburgh.  Second  Edition,  Revised. 
Post  Svo,  6s.  6d.  net. 

BIOGRAPHIA  PHILOSOPHICA.  In  1 
vol.  demy  Svo,  6s.  net. 

BERKELEY.  (Philosophical  Classics  for 
English  Readers.)    Fcap.  Svo.  Is.  net. 

LOCKE.  (Philosophical  Classics  for 
English  Readers.)    Fcap.  Svo,  Is.  net. 

FRASER     DAVID. 

THE  MARCHES*  OF  HINDUSTAN. 
The  Record  of  a  Journey  in  Thibet, 
Trans-Himalayan  India,  Chinese  Tur- 
kestan, Russian  Turkestan,  and  Persia. 
By  David  Praser.  With  Illustrations, 
Maps,  and  Sketches.  Demy  Svo,  £1,  Is. 
net. 

THE  SHORT  CUT  TO  INDIA.  The 
Record  of  a  Journey  along  the  Route  of 
the  Baghdad  Railway.  With  83  Illustra- 
tions. Second  Impression.  Demy  Svo, 
12s.  6d.  net. 

PERSIA  AND  TURKEY  IN  REVOLT. 
With  numerous  Illustrations.  Demy 
Svo,  12s.  6d.  net. 

FRENCH  COOKERY  FOR  ENGLISH 
HOMES.  Fourth  Impression.  Crown 
Svo,  cloth,  2s.  6d.    French  morocco,  3s. 

FULTON,    T.    WEMYSS. 

THE  SOVEREIGNTY  OF  THE  SEA. 
An  Historical  Account  of  the  Claims  of 
England  to  the  Dominion  of  the  British 
Seas,  and  of  the  Evolution  of  the  Ter- 
ritorial Waters :  with  special  reference 
to  the  Rights  of  Fishing  and  the  Naral 
Salute.  By  T.  Wemyss  Fulton, 
Lecturer  on  the  Scientific  Study  of 
Fisheries  Problems,  The  University, 
Aberdeen.  With  Charts  and  Maps. 
Demy  Svo,  258.  net. 


FYFE,   H.   HAMILTON. 

THE  NEW  SPIRIT  IN  EGYPT.  By 
H.  Hamilton  Fyfe.  With  Illustra- 
tions.   Crown  Svo,  5  s.  net. 

GALT,  JOHN. 

THE  PROVOST,   &c.     By   John   Galt. 

Illustrated  boards,  2s. ;  cloth,  2s.  6d. 
SIR     ANDREW     WYLIE.      Illustrated 

boards,  2s. ;  cloth,  2s.  6d. 

GENERAL     ASSEMBLY     OF     THE 
CHURCH  OF  SCOTLAND. 

SCOTTISH  HYMNAL,  WITH  APPEN- 
DIX INCORPORATED.  Published  for 
use  in  Churches  by  Authority  of  the 
General  Assembly.  1.  Large  type,  cloth, 
red  edges,  2s.  6d. ;  French  morocco,  4s. 
2.  Bourgeois  type,  Hmp  cloth.  Is. ; 
French  morocco,  2s.  3.  Nonpareil  type, 
cloth,  red  edges,  6d. ;  French  morocco. 
Is.  4d.  4.  Paper  covers,  3d.  5.  Sun- 
day-School Edition,  paper  covers.  Id. ; 
cloth,  2d.  No.  1,  bound  with  the  Psalms 
and  Paraphrases,  French  morocco,  Ss'. 
No.  2,  bound  with  the  Psalms  and  Para- 
phrases, cloth,  2s. ;  French  morocco,  3s. 

SERVICES  OF  PRAYER  FOR  SOCIAL 
AND  FAMILY  WORSHIP.  Prepared 
by  a  Special  Committee  of  the  General 
Assembly  of  the  Church  of  Scotland. 
New  Edition,  Revised  and  Enlarged. 
Fcap.  Svo,  Is.  6d.  net.  French  morocco, 
3s.  6d.  net. 

PRAYERS  FOR  FAMILY  WORSHIP. 
A  Selection  of  Four  Weeks'  Prayers. 
New  Edition.  Authorised  by  the  Gen- 
eral Assembly  of  the  Church  of  Scot- 
land.   Fcap.  Svo,  red  edges,  Is.  net. 

ONE  HUNDRED  PRAYERS.  Prepared 
by  the  Committee  on  Aids  to  Devotion. 
16mo,  cloth  limp,  6d.  net. 

MORNING  AND  EVENING  PRAYERS 
FOR  AFFIXING  TO  BIBLES.  Pre- 
pared by  the  Committee  on  Aids  to 
Devotion.     Id.  for  6,  or  Is.  per  100. 

PRAYERS  FOR  SOLDIERS.  Prepared 
by  the  Committee  on  Aids  to  Devotion. 
Seventieth  Thousand.  16mo,  cloth  limp, 
2d.  net. 

PRAYERS  FOR  SAILORS  AND 
FISHER -FOLK.  Prepared  and  Pub- 
lished by  Instruction  of  the  General 
Assembly  of  the  Church  of  Scotland. 
Fcap.  Svo,  Is.  net. 

GERARD.  E.   D. 

REATA:    WHAT'S  IN  A  NAME.      By 

E.  D.  Gerard.   Cheap  Edition.    Crown 

Svo,  3s.  6d. 
BEGGAR    MY    NEIGHBOUR.      Cheap 

Edition.    Crown  Svo,  Ss.  6d. 
THE       WATERS       OF       HERCULES. 

Cheap  Edition.    Crown  Svo,  Ss.  6d. 
A    SENSITIVE    PLANT.      Crown  Svo, 

3s.  6d. 
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^loNOUkl*  GLASSY    BUBBLE. 
E.   Gkbard.    Crown  8vo,  63. 
A     FOREIGNER.      An   Anglo -German 
Study.    Crown  8vo,  68. 

GERARD,   DOROTHEA. 

ONE    YEAR.      By   Dorothea    Gkbard 

(Madame     Longard     de      Longgarde). 

Crown  8vo,  6s. 
THE  IMPEDIMENT.    Crown  Svo,  68. 
A    SPOTLESS    REPUTATION.      Third 

Edition.     Crown  Svo,  6s. 
THE  WRONG   MAN.     Second  Edition. 

Crown  Svo,  6s. 
LADY  BABY.     Cheap  Edition.     Crown 

Svo,  3s.  6d. 
RECHA.    Crown  Svo,  6s. 
A  FORGOTTEN  SIN.    Crown  Svo,  6s. 

^STONYHURST^*  LATIN  GRAMMAR. 
By  Rev.  J.  Gerard.  Second  Edition. 
Fcap.  Svo,  3s. 

GIBBON,   PERCEVAL. 

SOULS  IN  BONDAGE.     By  Perceval 

Gibbon.    Crown  Svo,  6s. 
THE  VROUW   GROBELAAR'S   LEAD- 

ING  CASES.     Crown  Svo,  68. 
SALVATOR.    Crown  Svo,  6s. 

GIFFORD  LECTURES,  EDINBURGH. 

(See  under  Fraskr  and  Tielk.) 

GILL,   RICHARD.  ,      „     „ 

THE  CHCl,-PROBLEM.  By  Richard 
Gill.    2  vols,  crown  Svo,  5s.  net  each. 

gillanders,  a.  T.  „     ,    rr 

FOREST  ENTOMOLOGY.  By  A.  T. 
Gillanders,  F.E.S.  With  351  Illus- 
trations. Second  Edition,  Revised. 
Crown  Svo,  158.  net. 

fill  LESPIE.  REV.  JOHN,    LL.D. 

^'^E  HU3l6uRS  OF  SCOTTISH  LIFE. 
"  By  the  Rev.   John  Gillespie,  LL.D. 
Crown  Sv.o,  3s.  6d.  net. 

GLASGOW  BALLAD  CLUB. 

BALLADS  AND  POEMS.  By  Members 
OF  THE  Glasgow  Ballad  Clxtb.  Second 
Series.  Crown  Svo,  7s.  6d.  net.  Third 
Series,  7s.  6d. 

GLEIG,  REV.  G.   R.     ^     „        ^    ^ 

THE  SUBALTERN.  By  Rev.  G.  R. 
Gleio.    Fcap.  Svo,  Is.  net. 

^?^g*^CELTIC^iND  SCANDINAVIAN 
ANTIQUITIES  OF  SCOTLAND.  By 
Gilbert  Goudie,  F.S.A.  Scot.  Demy 
Svo,  78.  6d.  net. 


GRAHAM.    HENRY  OREY. 

ROUSSEAU.  (Foreign  Classics  for 
EngUsh  Readers.)  By  Henry  Grey 
Graham.    Fcap.  Svo,  Is.  net. 

GRAHAM,  J.   EDWARD,    K.C. 

A  MANUAL  OF  THE  ACTS  RELAT- 
ING  TO  EDUCATION  IN  SCOT- 
LAND. (Founded  on  that  of  the  late 
Mr  Craig  Sellar.)  By  J-  Edward 
Graham,  K.C,  Advocate.  New  Edi- 
tion.   Demy  Svo,  258.  net. 

MANUAL  OF  THE  ELECTIONS 
(SCOT.)  (CORRUPT  AND  ILLEGAL 
PRACTICES)  ACT,  1890.  With  Analy- 
sis, Relative  Act  of  Sederunt,  Appendix 
containing  the  Corrupt  Practices  Acts 
of  18S3  and  1885,  and  Copious  Index. 
Svo,  4s.  6d. 

THE  NEW  EDUCATION  (SCOTLAND) 
ACT.  With  Notes.  Demy  Svo,  7s.  6d. 
net. 

GRAHAM,  E.  MAXTONE,  and  PAT- 

TRUE^ToMANCES  OF  SCOTLAND. 
By  E.  Maxtone  Graham  and  E.  Pater- 
son.  IlluBtrations.  Second  Impression. 
Crown  Svo,  5s.  net. 

XENOPHON.  (Ancient  (lassies  for  Eng- 
lish Readers.)  By  Sir  Alex.  Grant. 
Fcap.  Svo,  18.  net. 

ARISTOTLE.  (Ancient  Classics  for  Eng- 
lish Readers.)    Fcap.  Svo,  Is  net. 


GRANT.  CAPTAIN  M.  H.  ("LINES- 
MAN "^ 
THE  MAKERS  OF  BLACK  BASALTES. 
By  Captain  M.  H.  Grant  ("Lines- 
man ").  Illustrating  nearly  300  pieces. 
Demy  4to,  42s.  net. 

GREY,   DULCIBELLA  ETHEL. 

POEMS.  By  DuLCiBELLA  Ethel  Grey. 
With  a  Prefatory  Note  by  H.  Cholnion- 
deley  Pennell.  Demy  Svo.  Vellum, 
128.  6d.  net ;  half  vellum,  78.  6d.  net. 

^HIS^EXCELLENCrS  ENGLISH  GOV- 
ERNESS. By  Sydney  C.  Grier. 
Third  Impres«ion.     Crown  Svo,  68. 

AN  UNCROWNED  KING :  A  Romance 
OF  High  Politics.  Third  Impression. 
Crown  Svo,  68. 

PEACE  WITH  HONOUR.  Third  Im- 
pression.   Crown  Svo,  68. 

A  CROWNED  QUEEN :  The  Romance 
OF  A  Minister  of  State.  Third  Im- 
pression.   Crown  Svo,  68. 
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GRIER,  SYDNEY  C.-confd. 

LIKE     ANOTHER     HELEN.      Second 

Impression.    Crown  Svo,  6s. 
THE     KINGS     OP     THE     BAST:     A 

Romance  of  the  near  Future.   Fourth 

Impression.    Crown  Svo,  6s. 
THE    PRINCE    OP   THE  CAPTIVITY. 

Second  Impression.    Crown  Svo,  6s. 
THE      GREAT      PROCONSUL.        The 

Memoirs  of  Mrs  Hester  Ward,  formerly 

in   the    familv    of   the    Hon.    Warren 

Hastings,  Esq.,  late  Governor-General 

of  India.    Crown  Svo,  6s. 
THE  HEIR.    Crown  Svo,  6s. 
THE   POWER  OP  THE   KEYS.     With 

Illustrations    by   A.    Pearce.      Fourth 

Impression.     Crown  Svo,   6s.      Cheap 

Edition,  Is.  net. 

THE  HERITAGE.  Fourth  Impression. 
Crown  Svo,  6s. 

THE  PATH  TO  HONOUR.  Third 
Impression.     Crown  Svo,  6s. 

THE  PRIZE.    Crown  Svo,  6s. 

THE  KEEPERS  OP  THE  GATE.  With 
Illustrations  by  A.  Pearce.  Third 
Impression.    Crown  Svo,  6s. 

THE  ADVANCED  GUARD.  Cheap 
Edition,  Is.  net. 

THE  LETTERS  OF  WARREN  HAST- 
INGS TO  HIS  WIFE.  Demy  Svo, 
68.  net. 

GRIERSON,   PROFESSOR  H.  J.   C. 

THE  FIRST  HALF  OP  THE  SEVEN- 
TEENTH CENTURY.  (Periods  of 
European  Literature.)  By  Professor 
H.  J.  C.  Grierson.    Crown  Svo,  os.  net. 

GRIERSON,  MAJOR-GENERAL  SIR 
J.  M.,   K.C.B.,  K.C.M.Q. 

RECORDS  OP  THE  SCOTTISH  VOL- 
UNTEER FORCE,  1859-1908.  By 
Major -General  Sir  J.  M.  Grierbon, 
K.C.B.,  K.C.M.G.  With  47  Coloured 
Plates.    Crown  4to,  25s.  net. 

GROOT,  J.   MORGAN  DE. 

THE  AFFAIR  ON  THE  BRIDGE.    By 
J.  Morgan  de  Groot.    Crown  Svo,  6s. 
A  LOTUS  FLOWER.    Oown  Svo,  6s. 
EVEN  IP.    Crown  Svo,  6s. 
JAN  VAN  DYCK.    Crown  Svo,  68. 
THE  BAR  SINISTER.    Crown  Svo,  6s. 

HAMERTON,   P.  G. 

WENDERHOLME.  By  P.  Q.  Hamerton. 
Crown  Svo,  3s.  6d. 

MiVRMORNB.    Crown  Svo,  3s.  6d. 

HAMILTON,   CAPTAIN. 

CYRIL  THORNTON.  By  Captain 
Hamilton.  Illustrated  boards,  28.; 
cloth,  28.  6d. 


HAMILTON,   MARY,    D.Litt. 

GREEK  SAINTS  AND  THEIR  FESTI- 
VALS. By  Mary  Hamilton,  D.Litt. 
Crown  Svo,  5s.  net. 

HAMLEY,  GENERAL  SIR  EDWARD 
BRUCE,   K.C.B.,   K.C.M.G. 

THE  OPERATIONS  OF  WAR  EX- 
PLAINED AND  ILLUSTRATED.  By 
General  Sir  Edward  Bruce  Hamley, 
K.C.B.,  K.C.M.G. 

A  New  Edition,  brought  up  to  the 
latest  requirements.  By  Brigadier- 
General  L.  E.  Kiggell,  C.iS.  4to,  with 
Maps  and  Plans,  308. 

THOMAS      CARLYLE :      An      Essay. 

Second  Edition.    Crown  Svo,  2s.  6d. 
ON  OUTPOSTS.     Second  Edition.    Svo, 

28. 

LADY  LEE'S  WIDOWHOOD.  Crown 
Svo,  3s.  6d. ;  New  Edition,  crown  Svo, 
2s. ;  cloth,  2s.  6d. 

VOLT AI  RE.  (Foreign  Classics  for  English 
Readers.)    Fcap.  Svo,  Is.  net. 

H  ANN  AY,   DAVID. 

THE  LATER  RENAISSANCE.  "  Periods 
of  European  Literature."  By  David 
Hannay.    Crown  Svo,  5s.  net. 

SHIPS  AND  MEN.  With  Illustrations. 
Crown  Svo,  6s.  net. 

HARDEN,    MAXIMILIAN. 

WORD  PORTRAITS  :  Character 
Sketches  of  Famous  Men  and  Women. 
By  Maximilian  Harden.  In  a  Transla- 
tion from  the  German  by  Julius  Gabe. 
Demy  Svo,  10s.  6d.  net. 

HARDMAN,   P. 

PEiNINSULAR  SCENES  AND 
SKETCHES.  By  F.  Hardman.  Illus- 
trated cover,  Is. ;  cloth,  Is.  6d. 

HARRADEN,   BEATRICE. 

SHIPS  THAT  PASS  IN  THE  NIGHT. 
By  Beatrice  Harraden.  Illustrated 
Edition.  Crown  Svo,  3s.  6d.  Velvet 
Calf  Edition.    CroAvn  Svo,  5s.  net. 

THE  FOWLER.  Illustrated  Edition. 
Crown  Svo,  3s.  6d. 

UNTOLD  TALES  OF  THE  PAST. 
With  40  Illustrations  by  H.  R.  Millar. 
Square  crown  Svo,  gilt  top,  5s.  net. 

KATHARINE  FRBNSHAM.  C!rown 
Svo,  6s. 

HARTLEY,  GILFRID  W. 

WILD  SPORT  WITH  GUN,  RIFLE, 
AND  SALMON-ROD.  By  Gilfrid  W. 
Hartley.  With  numerous  Illustrations 
in  photogravure  and  half-tone  fh)m 
drawings  by  G.  E.  Lodge  and  others. 
Demy  Svo,  6s.  net. 
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HA5ELL,  B.  J.  ^      .         * 

CALDERON.  (Foreign  Classics  for 
English  Readers.)  By  E.  J.  Haskll. 
Fcap.  8vo,  Is  net.  ,^     ,•  v 

TAS80.  (Foreign  Classics  for  English 
Readers)    Fcap.  8vo,  Is.  net. 

"the  works  of  THE  RIGHT  REV. 
DR  GEORGE  HAY,  Bishop  of  Edin- 
burgh. Edited  under  the  supervision 
of  the  Right  Rev.  Bishop  Strain. 
With  Memoir  and  Portrait  of  the 
Author.    5  vols,  crown  8vo,  2l3. 

HAY,    IAN.  ^^^ 

"PIP."  By  Ian  Hay.  Fourth  nnpression. 

Crown  8vo,  6s.    Cheap  Edition,  Is.  net. 

"THE  RIGHT  STUFF."  Some  Epi- 
sodes in  the  Career  of  a  North  Bnton. 
Fifth  Impression.  Crown  8vo,  os. 
Cheap  Edition,  Is.  net. 

A  MAN'S  MAN.  Third  Impression. 
Crown  8vo,  6s.    Cheap  Edition,  Is.  net. 

A  SAFETY  MATCH.  Third  Impres- 
sion.   Crown  8vo,  6s. 

HAYWARD,   A.,    Q.C.       .     ,     ^     ,.  , 
GOETHE.     (Foreign  Classics  for  English 
Readers.)       By    A.    Haywabd,    Q.C. 
Fcap.  8vo,  Is.  net. 

HEATH,    CHRISTOPHER. 

P  h.TEK'S  PROGRESS.  By  Christopher 
Heath.    Crown  8vo,  6s. 

"select'  poem's  of  MRS    HEMANS. 

Fcap.,  cloth,  gilt  edges,  3s. 
HENDERSON,    P.   A.   WRIGHT. 

THE  LIFE  AND  TIMES  OF  JOHN 
WILKINS,  Warden  of  Wadham  College, 
Oxford;  Master  of  Trinity  College, 
Cambridge ;  and  Bishop  of  Chester. 
By  P.  A.  Wright  Henderson.  With 
Illustrations.    Pott  4to,  5s.  net. 

HENDERSON,    RICHARD. 

THE  YOUNG  ESTATE  MANAGER'S 
GUIDE.  By  Richard  Hendekson, 
Member  (by  Examination)  of  the  Royal 
Agricultural  Society  of  England,  the 
Highland  and  Agricultural  Society  of 
Scotland,  and  the  Surveyors'  Institu- 
tion.  With  an  Introduction  by  Pro- 
fessor Wright.  Glasgow  and  West  of 
Scotland  Technical  College.  With  Plans 
and  Diagrams.     Crown  8vo,  5s. 

HENSON.   H.   HENSLEY,    D.D. 

THE    RELATION  OF  THE   CHURCH 
OF     ENGLAND    TO    THE     OTHER 
REFORMED     CHURCHES    (Robert 
Lek    Lscturk,   1911).      By  Canon  H. 
Hensley    Henson,   D.D.    Demy  8vo, 
Is.  net. 
HERFORD,   PROFE5SOR. 
BROWNING.  "Modern English  Writers. 
By  C.  H.  Hkrford,  Litt.D.,  Professor 
of   English    Literature,    University  of 
Manchester,    'is.  6d. 


HERKLE5S,  PROFESSOR,  and  HAN- 

By  John  Hbrkless,  Professor  of 
Ecclesiastical  History  in  the  University 
of  St  Andrews ;  and  Robert  Kkrb 
Hannay,  Lecturer  in  Ancient  History 
in  the  University  of  St  Andrews.  Post 
8vo,  7s.  6d.  net. 
THE  ARCHBISHOPS  OF  ST 
ANDREWS.  3  vols,  demy  8vo,  each 
7s.  6d.  net. 
HINTS  ON  HOCKEY.  With  Plans  and 
Rules.     New  Edition.    Fcap.  8vo,  Is. 

HOBART-HAMPDEN,   E. 

THE  PRICE  OF  EMPIRE.  By  E.  Hob- 
art-Hampden.    Crown  8vo,  6s. 

HOLLAND,    BERNARD,   C.B. 

VERSE.  By  Bernard  Holland,  U.tJ. 
Crown  8vo,  5s.  net. 

HOOK,   DEAN.  „ 

PEN  OWEN.  By  Dean  Hook.  Illus- 
trated boards,  28. ;  cloth,  23.  6d. 

HOPE,  JAMES  F.  „»t>tt» 

A  HISTORY  OF  THE  1900  PARLIA- 
MENT. By  James  F.  Hope.  In  two 
volumes.  Vol.  I.  Crown  8vo,  7s.  6d. 
net. 

"dLALOGUE^S  *^'  CONCERNING  NAT- 
URAL RELIGION.  By  David  Hume. 
Reprinted,  with  an  Introduction  by 
Bruce  M'Ewen,  D.PhiL  Crown  8vo, 
3s.  6d.  net. 

HUME,    E.   DOUGLAS. 

THE  MULTIPLICITIES  OF  UNA.  By 
E.  Douglas  Hume.    Crown  8vo,  6s. 

HUNT,    C.    M.   G. 

A  HANDY  VOCABULARY:   English- 
Afrikander,    Afrikander  -  English. 
By  C.  M.  G.  Hunt.    Small  8vo,  Is. 
HUTCHINSON,    HORACE  G. 

HINTS  ON  THE  GAME  OF  GOLF. 
By  Horace  G.  Hutchinson.  Twelfth 
Edition,  Revised.    Fcap.  8vo,  cloth,  Is. 

HUTTON,   EDWARD. 

ITALY  AND  THE  ITALIANS.  By 
Edward  Hutton.  With  Illustrations. 
Second  Edition.    Large  crown  8vo,  6s. 

INGLIS,   JOHN.  „„ 

GEORGE  WENDERN  GAVE  A  PARTY. 
By  John  Inolis.    Crown  8vo,  6s. 

INNES,   A.  TAYLOR,    LL.D. 

FREE  CHURCH  UNION  CASE.  Judg- 
ment of  the  House  of  Lords.  With 
Introduction  by  A.  Taylor  Innes, 
LL.D.     Demy  8vo,  Is.  net. 

THE  LAW  OF  CREEDS  IN  SCOT- 
LAND. A  Treatise  on  the  Relations  of 
Churches  in  Scotland,  Established  and 
not  Established,  to  the  Civil  Law. 
Dbuiy  8vo,  IDs.  net. 
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INTELLIGENCE  OFFICER. 

ON  THE  HEELS  OF  DE  WET.  By 
The  Intelligence  Officer.  Sixth 
Impression.    Crown  8vo,  6s, 

THE  YELLOW  WAR.    Crown  8vo,  6s. 

A  SUBALTERN  OF  HORSE.  Second 
Impression.    Crown  8vo,  6s. 

JAMES,    ANDREW. 

NINETY-EIGHT  AND  SIXTY  YEARS 
AFTER.  By  Andrew  James.  Crown 
8vo,  3s.  6d. 

JAMES,    LIONEL. 

SIDE-TRACKS  AND  BRIDLE-PATHS. 
By  Lionel  James  (Intelligence  Officer). 
Crown  8vo,  6s. 

JAMES,   LIEUT. -COL.   WALTER  H. 

MODERN  STRATEGY.  By  Lieut. -Col. 
Walter  H.  James,  P.S.C,  late  R.B. 
With  6  Maps.  Third  Edition,  thor- 
oughly revised  and  brought  up  to  date. 
Royal  8vo,  16s.  net. 

THE  CAMPAIGN  OF  1815,  CHIEFLY 
IN  FLANDERS.  With  Maps  and 
Plans.    Demy  Svo,  16s.  net. 

THE  PROGRESS  OF  TACTICS  FROM 
1740  TO  THE  PRESENT  DAY. 
Demy  Svo.  [In  the  press. 

JOHNSTON. 

ELEMENTS  OF  AGRICULTURAL 
CHEMISTRY.  An  entirely  New  Edi- 
tion  from  the  Edition  by  Sir  Charles 
A.  Cameron,  M.D.  Revised  and  in 
great  part  rewritten  by  C.  M.  Airman, 
M.A.,  D.Sc,  F.R.S.E.,  F.LC,  Profe.<5Sor 
of  Chemistry,  Glasgow  Veterinary  Col- 
lege.   20th  Edition.    Crown  Svo,  6s.  6d. 

CATECHISM  OF  AGRICULTURAL 
CHEMISTRY.  An  entirely  New  Edi- 
tion fix>m  the  Edition  by  Sir  Charles 
A.  Cameron.  Revised  and  enlarged  by 
C.  M.  AiKMAN,  D.Sc,  &c.  95th  Thou- 
sand. With  numerous  Illustrations. 
Crown  Svo,  Is. 

JOHNSTON,       CHRISTOPHER       N., 
K.C.      LL  D 

AGRICULTURAL  HOLDINGS  (SCOT- 
LAND) ACTS,  1883  to  1900;  and  the 
GROUND  GAME  ACT,  1880.  With 
Notes,  and  Summary  of  Procedure,  Ac. 
By  Christopher  N.  Johnston,  KC, 
LL.D.  Sixth  Edition.  Demy  Svo,  6s. 
net. 

MAJOR  OWEN,  AND  other  Tales. 
Crown  Svo,  6s. 

JOKAI,   MAURUS. 

TIMAR'S  TWO  WORLDS.  By  Maurus 
JoKAi.  Authorised  Translation  by  Mrs 
Hegan  Kennard.  Cheap  Edition. 
Crown  Svo,  6s. 

JORDAN,   HUMFREY. 

MY  LADY  OF  INTRIGUE.  By  Hum- 
FREY  Jordan.    Crown  Svo,  63. 

THE  JOYOUS  WAYFARER.  Crown 
8VOy   6s. 


KENDIM,    BEN. 

EASTERN  SONGS.  By  Ben  Kendim. 
With  Frontispiece  in  Colours  by  Lady 
AiLEEN  Wellesley.  Ctowu  Svo,  5s\ 
net. 

KENNION,  MAJOR  R.  L. 

SPORT  AND  LIFE  IN  THE  FURTHER 
HIMALAYA.  By  Major  R.  L.  Ken- 
NioN.  With  Illustrations.  Demy  Svo, 
12s.  6d.  net. 

BY  MOUNTAIN,  LAKE,  AND  PLAIN, 
Being  Sketches  of  Sport  in  Eastern 
Persia.  With  Coloured  Frontispiece 
and  75  Illustrations  from  Photographs 
by  the  Author.  Demy  Svo,  10s.  6d. 
net. 

KER,   PROFESSOR  W.  P. 

THE  DARK  AGES.  "  Periods  of  Euro- 
pean  Literature."  By  Professor  W.  P. 
Ker.    In  1  vol.  crown  Svo,  5s.  net. 

KERR,  JOHN,    LL.D. 

MEMORIES  :  Grave  and  Gay.  By  John 
Kerr,  LIj.D.  With  Portrait  and  other 
Illustrations.  Cheaper  Edition,  En- 
larged.   Crown  Svo,  2s.  6d.  net. 

OTHER  MEMORIES:  Old  and  New. 
Crown  Svo.    3s.  6d.  net. 

KINGLAKE,   A.   W. 

HISTORY    OF    THE     INVASION    OF 
THE  CRIMEA.    By  A.  W.  Kinolake. 
Complete  in  9  vols,  crown  Svo.    Cheap 
reissue  at  3s.  6d.  each. 

Abridged     Edition     for     Military 

Students.  Revised  by  Lieut. -Col.  Sir 
George  Sydenham  Clarke,  G.C.M.G., 
G.C.I.E.    Demy  Svo,  15s.  net. 

Atlas  to  accompany  above.    Polio, 

9s.  net. 

EOTHBN.  Cheap  Edition.  With  Por- 
trait and  Biographical  Sketch  of  the 
Author.    Crown  Svo,  2s.  6d.  net. 

KINGSBURGH,  THE  RIGHT  HON. 
LORD,  K.C.B. 

FIFTY  YEARS  OP  IT:  The  Experi- 
ences AND  Struggles  of  a  Volunteer 
OF  1859.  By  The  Right  Hon.  Lord 
KiNOSBURGH,  K.C.B.  Demy  Svo,  lOs. 
6d.  net. 

KNEIPP,   SEBASTIAN. 

MY  WATER-CURE.  As  Tested  through 
more  than  Thirty  Years,  and  Described 
for  the  Healing  of  Diseases  and  the  Pre- 
servation of  Health.  Bv  Sebastian 
Kneipp.  With  a  Portrait  and  other 
Illustrations.        Authorised      English 

"  Translation  from  the  Thirtieth  German 
Edition,  by  A.  de  F.  With  an  Appen- 
dix, containing  the  Latest  Development* 
of  Pfarrer  Kneipp's  System,  and  a  Pre- 
face by  E.  Gerard.    Crown  Svo,  38.  6d. 
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^BngUsh  Riders.)  By  Professor  Knioht. 
Fcap.  8vo,  Is.  net. 

'      piece.    15s.  net. 
Vol  II   W'th  a  Photogravure  Frontis- 

niece      15s.  net 
mill.  wghaPhoU,g™vure Front... 

piece.    15s.  nex.  . . 

Vol  IV.  With  a  Photogravure  Frontis 
piece.    20s.  net. 
TFNNYSON.   ' '  Modem  English  Wriwrs. 

Crown  8vo,  5s.  net, 

slty,  Birmingham.    5s. 

^So^K.  SdSon.  ^^ownsvo. 

AMERICAN    FINANCE.     Second   Edi- 
tion.   Crown  8vo,  68.  net.       p„p.QTg 

JOHN    BULL    ANP    HIS    SCHOOLS 
Crown    8vo,    5s.    net.      i>ew 
Paner  Cover,  2s.  net. 

CANADA  Asi)  THE  EMPIRE.    Crown 

*™;,??i,°w»R<»    A\D  W\R  TAXES. 
"iTnirotMiU^^Finanoe.    Crown 

8vo,  6s.  net. 

"-TO    WHICH    AR.    ad™    S^X    LIV^^^OT 

Great    Men.      By    **•    \- .  *^     prnwn 
author  of 'AnniFugaces,'&c.    Crown 

LIGHt'"aND     shade:     .ni>    other 
Po^s.    Crown  8V0,  5s.  net. 

|SS^TI0f?K'?HTBmT^SH 

'„«rwi?^^O^I«ui"tr.S-      r^-" 

8vo,  58.  net. 

D.D.    Crown  8vo,  4s.  n'^t. 

^!^f  Plt§Rnl"'-By    ABTBUK     LKW». 

Crown  8vo,  68. 


LIND5AX,'    f^yiNCES^IN    THBISTIC 
«fH=i2S80^p"H#'oMlGIOK      By 


^®*-     ^T,i^n.TjT7^SlVENESS    OP 
'SSDlRN^^^iwI"'/  THOUGHT. 

essIts  uterart  and  PHILOSO- 

"'pHICAL     C™wn8vo,3s  6d. 

^rESxTM^^KV^^olr    ''^" 
OLOOT     Crovm  8VO  1^  net. 

^«M=oSi^§°'p^u1pT°oZn  svo,  IS. 
QTimlKS    IV    EHROPBAN    PHILOS- 
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,lri"Es5SxET  d'i«v. 

^  Miteiby  Very  Rev.  T.  L..8HHA«,  D.D. 
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Bums,  cloth,  Is.  net.  Part  II.,  Words- 
worth to  Newbolt,  cloth,  Is.  net.  In 
One  Volume  complete,  cloth,  28.  net. 
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LUCA5,   ST  JOHN. 

SAINTS,  SINNERS,  AND  THE  USUAL 
PEOPLE.  By  St  John  Lucas.  Second 
Impression.    Crown  Svo,  6s. 
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ERNMENT (SCOTLAND)  ACT,  1894. 


The  Parish  Council  Guide  for  Scot- 
land. By  J.  Patten  MacDou«all, 
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MACKAY,   LYDIA  MILLER. 

THE  RETURN  OF  THE  EMIGRANT. 
By  Lydia  Miller  Mackay.  Third  Im- 
pression.   Crown  Svo,  68. 

MACKENZIE,  LORD. 
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"^^L^K  I^^OHB*^   Fourth  Edition.  En. 
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THE  ^bsT  PIBROCH,   AND    OTHER 
^iHEILiNG     STORIES      Fourth    Im- 
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Third  Impression.    Crown  8vo,  os. 
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The  Complete  Work  in  1  voL    Crown 

8vo,  7s.  6d.  net. 

FORTY  SINGING  SEAMEN.  Second 
Impression.    Crown  8vo,  5s.  net 

THB      ENCHANTED      ISLAND,     and 

OTHER  Poems.    Crown  8vo,  5s.  net. 
THE     FOREST    OF    WILD    THYME. 

Illustrated  by  Claude  A.  Sheppersou. 

Small  4to,  6s.  net.    Velvet  Calf  Edition, 

10s.  6d.  net 

COLLECTED  POEMS.  2  vols.  Crown 
Svo,  lOs.  net  Vols,  sold  separately, 
58.  net  each. 

O'BRIEN,  AUBREY,  and  BOLSTER, 
REGINALD. 

CUPID  AND  CARTRIDGES.  By  Aubrey 
O'Brien  and  Reginald  Bolster.  With 
Illustrations.  Demy  Svo,  10s.  net. 
Edition  for  India  and  the  Colonies,  5s. 
net. 

"OLE  LUk-OIE." 

THE  GREEN  CURVE.  By"OLELuK- 
OiE."  Third  Impression.  Crown 
Svo,  6s.    Cheap  Edition,  Is.  net. 

OLIPHANT    C.   P 

ALFRED  *  DE  MUSSET.  (Foreign 
Classics  for  English  Readers.)  By 
C.  P.  Oliphant.    Fcap.  Svo,  Is.  net 

OLIPHANT,  LAURENCE. 

PICCADILLY.  By  Laurence  Oliphant. 
With  Illustrations  by  Richard  Doyle. 
48.  6d.  New  Edition,  Ss.  6d.  Cheap 
Edition,  boards,  2s.  6d. 


OLIPHANT,  MRS. 

ANNALS  OF  A  PUBLISHING  HOUSE. 
William  BlackAvood  and  his  Sons ;  Their 
Magazine  and  Friends.  By  Mrs  Oli- 
phant. With  Four  Portraits.  Third 
Edition.  Demy  Svo.  Vols.  I.  and  II. 
£2,  2s. 

A  WIDOW'S  TALE,  and  other  Stories. 
With  an  Introductory  Note  by  J.  M. 
Barrie.  Second  Edition.  Crown  Svo, 
6s. 

KATIE  STEWART,  and  other  Stories. 
New  Edition.  Crown  8vo,  cloth,  3s.  6d. 
Illustrated  Boards,  2s.  6d. 

VALENTINE  AND  HIS  BROTHER. 
New  Edition.    Crown  Svo,  3s.  6d. 

SONS  AND  DAUGHTERS.  Crown  Svo, 
3s.  6d. 

DANTE.  (Foreign  Classics  for  English 
Readers.)    Fcap.  Svo,  Is.  net. 

CERVANTES.  (Foreign  Classics  for  Eng- 
lish Readers.)    Fcap.  Svo,  Is.  net. 

THE  PERPETUAL  CURATE.  Ulus- 
trated  boards,  2s.  ;  cloth,  28.  6d. 

JOHN:  A  Love  Story.  Illustrated 
boards,  2s. ;  cloth,  2s.  6d. 

THE  RECTOR  and  THE  DOCTOR'S 
FAMILY.  Illustrated  cover,  Is. ;  cloth, 
Is.  6d. 

OLIPHANT,  MRS,  and  TARVER,  F. 

MOL  lERE.  (Foreign  Classics  for  English 
Readers.)  By  Mrs  Oliphant  and  F. 
Tarver.    Fcap.  Svo,  Is.  net. 

OMOND,  T.  S. 

THE  ROMANTIC  TRIUMPH.  "Periods 
of  European  Literature."  By  T.  S. 
Omond.    Crown  Svo,  58.  net. 

O'NEILL,  MOIRA. 

SONGS  OF  THE  GLENS  OF  ANTRIM. 
By  MoiRA  O'Neill.  Fourteenth  Im- 
pression.   Crown  Svo,  3s.  6d. 

OXENDEN,  MAUD. 

THE  STORY  OF  ESTHER.  By  Maud 
OxENDBN.    Crown  Svo,  6s. 

PAGE  AND  LAPWORTH. 

INTERMEDIATE  TEXT  -  BOOK  OF 
GEOLOGY.  By  Professor  Lapworth. 
Founded  on  Dr  Page's  '  Introductory 
Text-Book  of  Geology.'    Crown  Svo,  6s. 

ADVANCED  TEXT-BOOK  OF  GEO- 
LOGY. New  Edition.  Revised  and 
Enlarged  by  Professor  Lapworth. 
Crown  Svo.  [In  the  press. 

INTRODUCTORY  TEXT-BOOK  OF 
PHYSICAL  GEOGRAPHY.  Crown 
Svo,  2s.  6d. 

PHYSICAL  GEOGRAPHY  EXAMINA- 
TOR.    Crown  Svo,  sewed.  9d. 
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PATERSON,   JOHN  W.,   Ph.D. 

A  MANUAL  OF  AGRICUTURAL  BOT- 
ANY. Prom  the  German  of  Dr  A.  B. 
Frank,  Professor  in  the  Royal  Agricul- 
tural College,  Berlin.  With  over  100 
Illustrations.    Crown  8to,  38.  6d. 

PATTISON,   R.   P-   gUNN.     ^_^^^_ 
HISTORY    OF    THE    9l8T    ARGYLL- 
SHIRE HIGHLANDERS.      By  R.  P. 
Dunn  Pattison.    With  Maps  and  Illus- 
trations.   Demy  4to,  42^  net. 

PAUL,  SIR  JAMES  BALFOUR. 

HISTORY  OP  THE  ROYAL  COMPANY 
OF  ARCHERS,  the  Queen's  Body- 
Guard  FOR  Scotland.  By  Sir  James 
Balfour  Paul,  Advocate  of  the  Scot- 
tish Bar.  Crown  4to,  with  Portraits 
and  other  Illustrations.    £2,  28. 

PBARSB,   COLONEL.  „^^  ^ 

MEMOIR  OF  THE  LIFE  AND  MILI- 
TARY SERVICES  OF  VISCOUNT 
LAKE,  Baron  Lake  of  Delhi  and 
Laswarek,  1744-1808.  By  Colonel  Huoh 
Pearse.  With  Portraits,  &c.  Demy 
8vo,  15s.  net. 

PERIODS  OF  EUROPEAN  LITERA- 
TURE. Edited  by  Professor  Saints- 
bury.     For  List  of  Vols.,  see  p,  32. 

PHILOSOPHICAL  CLASSICS  FOR 
ENGLISH  READERS.  Edited  by 
William  Knight,  LL.D.,  Professor  of 
Moral  Philosophy,  University  of  St 
Andrews.  Cheap  Re-issue  in  Shilling 
Volumes  net.    For  List  of  Vols.,  see  p.  32. 

PIELE,   LIEUT.-COLONEL  S.  C.  F. 

LAwif  TENNIS  AS  A  GAME  OF 
SKILL.  By  Lieut. -Col.  S.  C.  F.  Pible. 
Seventh  Edition.    Fcap.  8vo,  Is. 

POLLOK,   ROBERT.   A.M. 

THE  COURSE  OF  TIME  :  a  Pokm.  By 
Robert  Pollok,  A.M.  New  Edition. 
With  Portrait  Fcap.  Svo,  gilt  top, 
2s.  6d. 

PORTER,    MARY  BLACKWOOD. 

JOHN  BLACKWOOD,  EDITOR  AND 
PUBLISHER.  By  Mary  Blackwood 
Porter.  With  Two  Portraits  and  view 
of  Strathtyrum.    Demy  Svo,  2l8. 

POTTS,    A.    W.,    M.A.,     LL.D.,    and 
DARNELL,    REV.   C,   M.A. 

AUDITUS  FACILIORES.  An  Easy 
Latin  Construing  Book,  with  Vocabu- 
lary. By  A.  W.  Potts,  M.A.,  LL.D., 
Late  Headmaster  of  the  Fettes  College, 
Edinburgh,  and  sometime  Fellow  of  St 
John's  College,  Cambridge;  and  the 
Rev.  C.  Darnell,  M.A.,  Late  Head- 
master of  Cargilfield  Preparatory  School, 
Edinburgh,  and  Scholar  of  Pembroke 
and  Downing  Colleges,  Cambridge. 
Is.  6d.  net. 


POTTS  and  DARNELL— wntd. 

ADITUS     FACILIORES    QRiECI.      An 
easy    grade    construing    book.      With 
complete  vocabulary.    Fcap  Svo,  3s. 
POTTS,    A.    W.,    M.A.,    LL.D.,    and 
HEARD,  W.  A.,  M.A.,  LL.D. 
CAME N ARUM    FLOSCULOS    in  Usum 
Fettesianorum  decerptos  notis  quibus- 
dam    illustraverunt    A.    Gul.    Potts, 
MA.,  LL.D.;   Gul.  A.  Heard,  M.A., 
LL.D.    New  Impression.    Crown  Svo, 
3s.  6d. 
PRESTON-THOMAS,   H.,   C.B. 
THE     WORK     AND     PLAY     OF      A 
GOVERNMENT     INSPECTOR.       By 
Herbert  Preston-Thomas,  C.B.    With 
a  Preface   by  the    Right    Hon.    John 
Burns,  M.P.    Demy  Svo,  10s.  6d.  net. 
PRINQLE  -  PATTISON,      A.      SETH, 
LL.D.,    D.C.L. 
SCOTTISH  PHILOSOPHY.    A  Compari- 
son of  the  Scottish  and  German  Answers 
to  Hume.     Balfour  Philosophical  Lec- 
tures,  University  of  Edinburgh.     By 
A.    Seth    Pringle  ■  Pattison,    LL.D., 
D.C.L. ,  Fellow  of  the  British  Academy, 
Professor  of  Logic  and  Metaphysics  in 
Edinburgh  University.    Fourth  Edition. 
Crown  Svo.  58. 
MANS  PLACE  IN  THE  COSMOS,  and 
other  Essays.     Second  Edition,   En- 
larged.   Post  Svo,  6s.  net 
TWO    LECTURES    ON   THEISM.      De- 
livered on  the  occasion  of  the  Sesqui- 
centennial    Celebration    of    Princeton 
University.     Crown  Svo,  2s.  6d. 
THE     PHILOSOPHICAL     RADICALS, 
AND  other  Essays,  including  Chapters 
reprinted  on  the  Philosophy  of  Religion 
in  Kant  and  Hegel.    Crown  Svo,  68.  net. 
PUBLIC       GENERAL       STATUTES 
AFFECTING      SCOTLAND     from 
1707  to  1847,  with   Chronological 
Table  and  Index.    3  vols,  large  Svo, 
£3,  3s.    Also  Published  Annually,  with 
General  Index. 

RANJITSINHJI,    PRINCE.  ^^^ 

THE  JUBILEE  BOOK   OF   CRICKET. 
By  Prince  Ranjitsinhji. 
Papular  EdUixm.     With  107  full-page 
Illustrations.   Sixth  Edition.   Large 
crown  Svo,  68. 

REEVE,    HENRY,   C.B. 

PETRARCH.    (Foreign  Classics  for  Eng- 
lish Readers.)    By  Henry  Reeve,  C  B. 
Fcap.  Svo,  Is.  net. 
REYNARD,   CAPTAIN  F.  ^ 

THE  HISTORY  OF  THE  NINTH 
LANCERS  FROM  1715  to  1903.  By 
Capt  F.  Reynard.    Royal  Svo,  42s.  net. 

RICHARDS,    H.    GRAHAMS. 

RICHARD  SOMERS.    By  H.  Grahamk 

Richards.    Crown  Svo,  6b. 
LUCREZIA    BORGIA'S    ONE    LOVE. 

Crown  Svo,  68 
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RICHARDSON,   MAJOR  E.   H. 

.  WAR,  POLICE,  AND  WATCH  DOGS. 
By  Major  B.  H.  Richardson.  With 
Illustrations.    Crown  Svo,  5s.  net. 

RIVETT-CARNAC,  J.   H.,   CLE. 

MANY  MEMORIES  OF  LIFE  IN 
INDIA,  AT  HOME,  AND  ABROAD. 
By  J.  H.  Rivktt-Carnac,  CLE.  With 
Portraits.  Second  Impression.  Demy 
Svo,  IDs.  6d.  net. 

ROBERTSON,  PROFESSOR  CROOM. 

HOBBES.  (Philosophical  Classics  for 
English  Readers.)  By  Professor  Croom 
Robertson.    Fcap.  Svo,  Is.  net. 

ROBERTSON,  JAMES,   D.D. 

EARLY  RELIGIONS  OP  ISRAEL.  New 
and  Revised  Edition.    Crown  Svo. 

[In  the  press. 

THE  POETRY  AND  THE  RELIGION 
OF  THE  PSALMS.  The  Croall  Lec- 
tures, 1893-94.  By  James  Robertson, 
D.D.,  Professor  of  Oriental  Languages  in 
the  University  of  Glasgow.  Demy  Svo, 
12s. 

ROBERTSON,  JOHN  Q.,   Ph.D. 

A  HISTORY  OF  GERMAN  LITERA- 
TURE. By  John  G.  Robertson, 
Ph.D.,  Professor  of  German,  University 
of  London.    Demy  Svo,  10s.  6d.  net. 

OUTLINES  OF  THE  HISTORY  OF 
GERMAN  LITERATURE.  Crown  Svo, 
3s.  6d.  net. 

SCHILLER      AFTER     A     CENTURY. 

Crown  Svo,  28.  6d.  net. 

RONALDSHAY,   EARL  OF,   M.P. 

ON  THE  OUTSKIRTS  OF  EMPIRE  IN 
ASIA.  By  the  Earl  of  Ronaldshay, 
M.P.  With  numerous  Illustrations  and 
Maps.    Royal  Svo,  21s.  net. 

SPORT  AND  POLITICS  UNDER  AN 
EASTERN  SKY.  With  numerous  Il- 
lustrations and  Maps.  Royal  Svo,  21s. 
net. 

A  WANDERING  STUDENT  IN  THE 
PAR  EAST.  With  Maps  and  60  Illus- 
trations. 2  vols,  short  demy  Svo,  21  s. 
net. 

AN  EASTERN  MISCELLANY.  Demy 
Svo,  10s.  6d.  net. 

RUTHERFURD,  J.  H. 

THE  History  op  the  Linlith- 
gow AND  STIRLINGSHIRE  HUNT. 
Prom  1775  to  the  present.  By  J.  H. 
Rutherfurd.  With  Illustrations. 
Demy  Svo,  25s.  net. 

RUTLAND,   DUKE  OF,  G.C.B. 

NOTES  OP  AN  IRISH  TOUR  IN  1846. 
By  the  Duke  of  Rutland,  G.C.B. 
(Lord  John  Manners).  New  Edition. 
Crown  Svo,  28.  6d. 


RUTLAND,    DUCHESS  OF. 

THE  COLLECTED  WRITINGS  OF 
JANETTA,  DUCHESS  OP  RUTLAND. 
By  the  Duchess  of  Rutland  (Lady 
John  Manners).  With  Portrait  and 
Illustrations.    2  vols,  post  Svo,  15s.  net. 

IMPRESSIONS  OP  BAD-HOMBURG. 
Comprising  a  Short  Account  of  the 
Women's  Associations  of  Germany  under 
the  Red  Cross.    Crown  Svo,  Is.  6d. 

SOME  PERSONAL  RECOLLECTIONS 
of  the  Later  Years  of  the  Earl  of  Beacons- 
field,  K.6.    Sixth  Edition.    6d. 

SOME  OP  THE  ADVANTAGES  of 
Easily  Accessible  Reading  and  Recrea- 
tion Rooms  and  Free  Libraries.  With 
Remarks  on  Starting  and  Maintaining 
them.    Second  Edition.    Crown  Svo,  Is. 

ENCOURAGING  EXPERIENCES  of 
Reading  and  Recreation  Rooms,  Aims 
of  Guilds,  Nottingham  Social  Guide, 
Existing  Institutions,  &c.,  &c.  Crown 
Svo,  Is. 

ST  QUINTIN,   COLONEL  T.  A. 

CHANCES  OP  SPORTS  OF  SORTS. 
By  Colonel  T.  A.  St  Quintin.  Illus- 
trated.   Demy  Svo,  21s.  net. 

SAINTSBURY,   PROFESSOR. 

A  HISTORY  OP  CRITICISM  AND 
LITERARY  TASTE  IN  EUROPE. 
Prom  the  Earliest  Texts  to  the  Present 
Day.  By  George  Saintsbury,  M.A. 
(Oxon.),  Hon.  LL.D.(Aberd.),  Professor 
of  Rhetoric  and  English  Literature  in 
the  University  of  Edinburgh,  In  3 
vols,  demy  Svo.  Vol.  I.— Classical  and 
Mediseval  Criticism.  168.  net.  Vol.  II. 
—Prom  the  Renaissance  to  the  Decline 
of  Eighteenth  Century  Orthodoxy.  20s. 
net.  VoL  III.  —  Nineteenth  Century. 
20s.  net. 

MATTHEW  ARNOLD.  "Modern  Eng- 
lish Writers."  Second  Edition.  Crown 
Svo,  28.  6d. 

THE  FLOURISHING  OP  ROMANCE 
AND  THE  RISE  OP  ALLEGORY 
(12th  and  13th  Centuries).  "Periods 
of  European  Literature."  Crown  Svo, 
5s.  net. 

THE  EARLIER  RENAISSANCE. 
"Periods  of  European  Literature." 
Crown  Svo,  5s.  net. 

THE  LATER  NINETEENTH  CEN- 
TURY.  "Periods  of  European  Litera- 
ture."   Crown  Svo,  5s.  net. 

A  HISTORY  OP  ENGLISH  CRITIC- 
ISM.   Demy  Svo,  7s.  6d.  net 


SAL.MON,   ARTHUR  L. 

SONGS  OP  A  HEART'S  SURRENDER. 

By  Arthur  L.Salmon.    Crown  Svo,  28. 
LIFE    OF   LIFE,    and    other    Poems. 

Crown  Svo,  2s.  6d. 
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SALMON,   ARTHUR  L.-ccmJf 
LYRICS    AND    VERSES.     Crown  8to, 

2s    6d 
A    BOOK    OF    VERSES.     Crown  8vo, 

28.  6<i.  net.  ^ 

WEST    COUNTRY    VERSES.       Crown 

8vo,  Ss.  net.  ^„      _ 

A   LITTLE    BOOK  OP  SONGS.     Fcap. 

8vo,  2s.  6d.  net.  „ 

A  NEW  BOOK  OF  VERSE.    Fcap.  8vo, 

2s.  6d.  net. 

SCHOOL  CATECHISM. 

Issued  by  a  Conference  of  Members 
or  THE  Reformed  Churches  in  Scot- 
land.   18mo,  id. 

•'SCO  LOP  AX  '* 

A  BOOK  OF  THE  SNIPE.  By 
"ScoLOPAx."  Illustrated.  Crown  8vo, 
5s.  net. 

SCOTT,  SIR  J.  QEORGE.   K.C.LE. 

CURSED  LUCK.  By  Sir  J.  Gkoroe 
SooTT,  K.C.I.E.    Crown  8vo,  Ss.  6d. 

SCOTT,    MICHAEL.  ^    ,, 

TOM  CRINGLE'S  LOG.  By  Michael 
Scott.  New  Edition.  With  19  Full- 
page  Illustrations.    Crown  Svo,  3s.  6d. 

THE  CRUISE  OF  THE  MIDGE. 
Illustrated  boards,  23. ;  cloth,  28.  6d. 

SCOTTISH  TEXT  SOCIETY  PUBLI- 
CATIONS.   For  List  of  Vols.,  see  p.  29. 

SCOTTISH    BANKERS    MAGAZINE. 

The  Journal  of  the  Institute  of  Bankers 
in  Scotland.    Quarterly,  Is.  net. 

SCUDAMORE,   CYRIL. 

BELGIUM  AND  THE  BELGIANS. 
By  CrRiL  ScTjDAMoRE.  With  Illustra- 
tion*.   Square  crown  8VD,  6s. 

SELLAR,   E.   M. 

RECOLLECTIONS  AND  IMPRES- 
SIONS. By  E.  M.  Sellar.  With 
Eight  Portraits.  Fourth  Impression. 
Demy  Svo,  lOs.  6d.  net. 

SELLAR,  EDMUND. 

MUGGINS    OF   THE    MODERN   SIDE. 

By  Edmund  Sellar.    Crown  Svo,  6s. 
GLENTYRE.    Crown  Svo,  6s. 
WHERE  EVERY  PROSPECT  PLEASES. 

Crown  Svo,  6s. 

SETH,   JAMES,   M.A. 

A  8T0DY  OF  ETHICAL  PRINCIPLES. 
By  James  Seth,  M.A.,  Professor  of 
Moral  Philosophy  in  the  University  of 
Edinburgh.  Tenth  Edition,  Revised. 
PosI  Svo,  78.  6d. 


SHARPLEY,   H.  ^     ^       .^^ 

ARISTOPHANES— PAX.  Edited,  with 
Introduction  and  Notes,  by  H.  Shabp- 
LBT.    Demy  Svo,  12s.  6d.  net. 


SHAW     WILLIAM 

SECURITIES  OVER  MOVEABLES. 
Four  Lectures  delivered  at  the  Request 
of  the  Society  of  Accountants  in  Edin- 
burgh, the  Institute  of  Accountants 
and  Actuaries  in  Glasgow,  and  the 
Institute  of  Bankers  in  Scotland  in 
1902-3.    Demy  Svo,  3s.  6d.  net. 

SHEEPSHANKS,   RICHARD. 

HECTOR  AND  ACHILLES:  A  Tale 
OF  Trot.  Illustrated  by  J.  Finne- 
MORE.  Rendered  into  English  after  the 
Chronicle  of  Homer  by  Richard 
Sheepshanks.  Square  crown  Svo,  5s. 
net. 

SIME,  JAMES,   M.A. 

SCHILLER.  (Foreign  Classics  for  Eng- 
lish Readers.)  By  James  Sime,  M.A. 
Fcap.  Svo,  Is.  net. 

SIMPSON,  PROFESSOR  J.  Y.,  D.Sc. 

SIDE-LIGHTS  ON  SIBERLA..  Some 
Account  of  the  Great  Siberian  Iron 
Road :  The  Prisons  and  Exile  System. 
Bv  Professor  J.  Y.  Simpson,  D.Sc. 
With  numerous  Illustrations  and  a 
Map.    Demy  Svo,  16s. 

SIMPSON,   VIOLET  A. 

IN  FANCY'S  MIRROR.  By  Violet  A. 
Simpson.    Crown  Svo,  68. 

SINCLAIR,   EDITH. 

HIS   HONOUR  AND  HIS  LOVE. 
Edith  Sinclair.    Crown  Svo,  6s. 

SINCLAIR,    ISABEL  O.    ,^„  ^^  ^^^ 

THE  THISTLE  AND  FLEUR  DE  LYS. 
By  Isabel  G.   Sinclair.    Crown  Svo, 
38.  net. 
SKELTON,  SIR  JOHN,   K.C.B. 

THE  HANDBOOK  OF  PUBLIC 
HEALTH.  A  New  Edition.  Revised  by 
James  Patten  MacDouoall,  C.B.,  Ad- 
vocate, Secretary  to  the  Local  Govern- 
ment Board  for  Scotland,  Joint- Author 
of  •  The  Parish  Council  Guide  for  Scot- 
land,' and  Abijah  Murray,  Chief  Clerk 
of  the  Local  Government  Board  for 
Scotland.    Ss.  6d.  net. 
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5KRINE,   F.   H.  „  . 

FONTENOY,  and  Great  Britain  s 
Share  in  the  War  of  the  Austrian 
Succession.  By  F.  H.  Skrine.  With 
Map,  Plans,  and  Illustrations.  Demy 
Svo,  2l8.  net. 

SLATER,   FRANCIS  CAREY. 

FROM  MIMOSA  LAND.  By  Francis 
Carey  Slater.    Crown  Svo,  Ss.  6d.  net. 

SMITH,  PROFESSOR  G.  GREGORY. 

THE  TRANSITION  PERIOD.  "Periods 
of  European  Literature."  By  G. 
Greoobv  Smith,  M.A.  (Oxon.),  Pro- 
fessor of  English  Literature,  Belfast 
University.    Crown  Svo,  5s.  net. 

SPECIMENS  OF  MIDDLE  SCOTS. 
Post  Svo,  78.  6d.  aet. 
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SNELL,    F.  J. 

THE  FOURTEENTH  CENTURY. 
"  Periods  of  European  Literature."  By 
F.  J.  Snell.    Crown  Svo,  5s.  net. 


••SON  OF  THE  MARSHES,   A." 

WITHIN  AN  HOUR  OP  LONDON 
TOWN :  Among  Wild  Birds  and  their 
Haunts.  Edited  by  J.  A.  Owen. 
Cheap  Uniform  Edition.  Crown  Svo, 
3s.  6d. 

WITH  THE  WOODLANDERS  AND 
BY  THE  TIDE.  Cheap  Uniform  Edi- 
tion.   Crown  Svo,  3s.  6d. 

ON  SURREY  HILLS.  Cheap  Uniform 
Edition.    Crown  Svo,  3s,  6d. 

ANNALS  OP  A  PISHING  VILLAGE. 
Cheap  Uniform  Edition.  Crown  Svo, 
3s.  6d, 


SORLEY,   PROF.,   Litt.D.,   LL.D. 

THE  ETHICS  OP  NATURALISM.  By 
W.  R.  SoRLEY,  Litt.D.,  LL.D.,  Fellow 
of  the  British  Academy,  Fellow  of 
Trinity  College,  Cambridge,  Professor 
of  Moral  Philosophy,  University  of 
Cambridge.  Second  Edition.  Crown 
Svo,  6s. 

RECENT  TENDENCIES  IN  ETHICS. 
Crown  Svo,  2s.  6d.  net. 


SPROTT,   GEORGE  W.,   D.D. 

THE  WORSHIP  AND  OFFICES  OF 
THE  CHURCH  OF  SCOTLAND. 
By  George  W.  Sprott,  D.D.  Crown 
Svo,  68. 

THE  BOOK  OP  COMMON  ORDER 
OF  THE  CHURCH  OP  SCOTLAND, 
Commonly  known  as  John  Knox's 
Liturgy.  With  Historical  Introduction 
and  Illustrative  Notes.  Crown  Svo 
48.  6d.  net.  ' 

SCOTTISH  LITURGIES  OP  THE 
REIGN  OP  JAMBS  VI.  Edited  with 
an  Introduction  and  Notes.  Crown 
Svo,  48.  net. 

EUCHOLOGION.  A  Book  of  Common 
Order.    Crown  Svo,  48.  6d.  net. 

ST  ANDREWS  UNIVERSITY  CAL- 
ENDAR. Printed  and  Published  for 
the  Senatus  Academicus.  Crown  Svo. 
2s.  6d.  net. 


ST  ANDREWS  UNIVERSITY  L.L.A. 
CALENDAR.  Printed  and  Published 
for  the  Senatus  Academicus.  Crown 
Svo,  Is. 


STEEVENS,   Q.   W. 

THINGS  SEEN:  Impressions  or  Men, 
Cities,  and  Books.  By  the  late  G.  W. 
Steevens.  Edited  by  G.  S.  Street. 
mth  a  Memoir  by  W.  E.  Henley,  and 
a  Photogravure  reproduction  of  Collier's 
Pori;rait.  Memorial  Edition.  Crown 
Svo,  6s. 

PROM  CAPETOWN  TO  LADYSMlTH 
and  EGYPT  IN  1S9S.     Memorial  Edi- 
tion.   Crown  Svo,  6s. 

IN  INDIA.  With  Map.  Memorial  Edi- 
tion.   Crown  Svo,  68. 

THE  LAND  OP  THE  DOLLAR.  Mem- 
orial Edition.    Crown  Svo,  6s. 

GLIMPSES  OP  THREE  NATIONS. 
Memorial  Edition.    Crown  Svo,  6s. 

MONOLOGUES  OP  THE  DEAD.  Mem- 
orial Edition.    Crown  Svo,  3s.  6d. 

STEPHENS. 

THE  BOOK  OP  THE  FARM;  dealing 
exhaustively  with  every  Branch  of 
Agricultiire.  Edited  by  James  Mac- 
DONALD,  F.R.S.E.,  Secretary  of  the 
Highland  and  Agricultural  Society  of 
Scotland.  With  over  700  Illustrations 
and  Animal  Portraits.  In  Six  Divisional 
Volumes  at  10s.  6d.  net  each ;  or  Three 
Volumes  of  over  500  pages  each,  price 
21s.  net  per  Volume.  Each  Volume  sold 
separately. 

LAND  AND  ITS  EQUIPMENT.  With 
346  Illustrations  and  8  Plans  of  Farm 
Buildings.     Royal  Svo,  21s.  net. 

FARM  CROPS.  With  354  lUustrations. 
Royal  8vo,  21s.  net. 

FARM  LIVE  STOCK.  With  77  Illustra- 
tions and  84  Animal  Portraits.  Royal 
Svo,  21s.  net. 

STEVENSON,   G.   H. 

THE  SILVER  SPOON.  By  6.  H. 
Stevenson.    Crown  Svo,  6s. 

STEWART,  CHARLES. 

HAUD  IMMEMOR.  Reminiscences  of 
Legal  and  Social  Life  in  Edinburgh 
and  London,  1850-1900.  By  Charles 
Stewart.  With  10  Photogravure  Plates. 
Royal  Svo,  7s.  6d. 

STEWART  and  CUFF. 

PRACTICAL  NURSING.  By  Isla 
Stewart,  Matron  of  St  Bartholomew's 
Hospital,  London ;  and  Herbert  E. 
Cuff,  M.D.,  P.R.C.S.,  Medical  Officer 
for  General  Purposes  to  the  Metro- 
politan Asylums'  Board,  London ;  late 
Medical  Superintendent,  North-Eastem 
Fever  Hospital,  Tottenham,  London. 
Revised  by  H.  E.  Cuff;  assisted  by 
B.  Cutler,  Assistant  Matron  of  St 
Bartholomew's  Hospital.  Third  Edi- 
tion. Crown  Svo,  5s.  net  Also  in  2 
volumes,  each  38.  6d.  net. 
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STODDART,   ANNA  M. 

LIFE  AND  LETTEBS  OF  HANNAH 
E.  PIPE.  By  Anna  M.  Stoddart. 
With  Portraits  and  lilustrations.  Demy 
8vo,  158.  net. 

STORMONTH,    REV.   JAMES. 

DICTIONARY  OF  THE  ENGLISH 
LANGUAGE,  Pronodncino,  Etymo- 
logical, AND  Explanatory.  By  the 
Rev.  James  Stormonth.  Revised  by 
the  Rev.  P.  H.  Phelp.  Library  Edition. 
New  and  Cheaper  Edition,  with  Supple- 
ment. Imperial  8vo,  handsomely  bound 
in  half  morocco,  18s.  net. 

ETYMOLOGICAL  AND  PRONOUNC- 
ING DICTIONARY  OF  THE  ENG- 
LISH LANGUAGE.  Including  a  very 
Copious  Selertion  of  Scientific  Terms. 
For  use  in  Schools  and  Colleges,  and  as 
a  Book  of  General  Reference.  The  Pro- 
nunciation carefully  revised  by  the  Rev. 
P.  H.  Phelp,  M.A.  Cantab.  A  New 
Edition,  Edited  by  William  Bavne. 
Crown  8vo,  pp.  1082.     58.  net. 

HANDY  SCHOOL  DICTIONARY,  Pro- 
NOUNCtNO  AND  EXPLANATORY.  Thor- 
oughly Revised  and  Enlarged  by  Wil- 
liam Bayne.     16mo,  7d.  net. 

5WAYNE,   G.   C. 

HERODOTUS.  (Ancient  Cla.ssics  for 
English  Readers.)  By  G.  C.  Swatne. 
Fcap.  8vo,  Is.  net. 

SYLLABUS  OF  RELIGIOUS  IN- 
STRUCTION FOR  PUBLIC 
SCHOOLS. 

Issued  by  a  Coneerence  of  Members 
OF  THE  Reformed  Churches  in  Scot- 
land.   18rao,  Id. 

SYNGE,   M.   B. 

THE  STORY  OF  THE  WORLD.  By 
M.  B.  Synge.  With  Coloured  Frontis- 
pieces and  numerous  Illustrations  by 
E.  M.  Synge,  A.R.E.,  and  Maps.  2 
vols.,  3s.  6d.  each  net. 

TABLE    OF    FEES    FOR    CONVEY- 
ANCING, &c.     4to.    Roxburgh,  3s.  6d.  ; 
sewed,  2s.  6d. 

THACKERAY,   MISS. 

MADAME  DE  SEVIGNE.  (Foreign 
Classics  for  English  Readers.)  By  Miss 
Thackeray.    Fcap.  8vo,  Is.  net. 

THEOBALD,  FRED.  V.,  M.A.(Cantab.) 

A  TEXT-BOOK  OF  AGRICULTURAL 
ZOOLOGY.  By  Fred.  V.  Theobald. 
With  numerous  Illustrations.  Crown 
8to,  8s.  6d. 

THOMSON,  COLONEL  AN- 
STRUTHER. 

HISTORY  OP  THE  FIFE  LIGHT 
HORSE.  By  Colonel  Anstrxtther 
Thomson.  With  numerous  Portraits. 
Small  4to»  2l8.  net. 


THOMSON,    DAVID. 

HANDY  BOOK  OF  THE  FLOWER- 
GARDEN.  By  David  Thomson. 
Crown  8vo,  58. 

THOMSON,   WILLIAM. 

A  PRACTICAL  TREATISE  ON  THE 
CULTIVATION  OF  THE  GRAPE 
VINE.  By  William  Thomson,  Tweed 
Vineyards.    Tenth  Edition.    Sro,  5s. 

THORBURN,   S.   S. 

ASIATIC     NEIGHBOURS.      By     S.    S. 

Thorburn.     With  Two  Maps.     Deiny 

8vo,  lOs.  6d.  net. 
THE  PUNJAB  IN  PEACE  AND  WAR. 

Demy  8vo,  12s.  6d.  net. 
INDIA'S  SAINT  AND  THE  VICEROY. 

A  Novel.    Crown  8vo,  6s. 

THURSTON,   KATHERINE   CECIL. 

THE  CIRCLE.  By  Katherine  Cecil 
Thurston.  Ninth  Impression.  Crown 
8vo,  6s. 

JOHN  CHILCOTE,  M.P.  Fifteenth  Im- 
pression, crown  8vo,  6s.  Cheap  Edition, 
Is.  net.    People's  Edition,  6d. 

THE  MYSTICS.  With  Illustrations. 
Crown  8vo,  3s.  6d. 

THE  FLY  ON  THE  WHEEL.  Crown 
8vo,  6s. 

TIELE,    PROFESSOR,    Litt.D.,   &c. 

ELEMENTS  OF  THE  SCIENCE  OF 
RELIGION.  Part  I.  —  Morphological. 
Part  II.— Ontological.  Being  the  Gifford 
Lectures  delivered  before  the  Univer- 
sity' of  Edinburgh  iit  1896-98.  By  C. 
P.  TiELE,  TheoLD.,  Litt.D.  (Bonon.), 
Hon.  M.R.A.8.,  &c.,  Professor  of  the 
Science  of  Religion  in  the  University 
of  Leiden.  In  2  vols,  post  8vo,  7s.  6d. 
net  each. 


TIME,   MARK. 

A    DERELICT    EMPIRE. 
Time.    Crown  8vo,  6s. 


By    Mark 


TRANSACTIONS  OF  THE  HIGH- 
LAND AND  AGRICULTURAL 
SOCIETY  OF  SCOTLAND.  Pub- 
lished Annually,  price  5s. 

TRAVERS,  GRAHAM  (Margaret  Todd, 
M.D.) 

THE  WAY  OF  ESCAPE.  A  Novel. 
By  Graham  Travers  (Margaret  Todd, 
M.D.)  Second  Impression.  Crown 
8vo,  6s. 

WINDYHAUGH.  Fourth  Edition.  Crown 
8vo,  68. 

FELLOW  TRAVELLERS.  Fourth  Edi- 
tion.   Crown  8vo,  68. 

TROLLOPE,  ANTHONY. 

CffiSAR.  (Ancient  Classics  for  Englisli 
Readers.)  By  Anthony  Trollops. 
Fcap.  8vo,  Is.  net. 
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TROLLOPE,    HENRY  M. 

CORNEILLE  AND  RACINE     (Foreign 
Classics    for    English    Readers.)      By 
Henry  M.  Trollopk.     Fcap.  Svo,  Is 
net. 

TRUSCOTT,   L.   PARRY. 

THE  MARRIAGE  OP  AMINTA.  By 
L.  Parry  Truscott.    Crown  Svo,  6s. 

TULLOCH,   PRINCIPAL. 

PASCAL.  (Foreign  Classics  for  English 
Readers.)  By  Principal  Tulloch. 
Fcap.  8vo,  Is.  net. 

TURNER,      STANLEY     HORSFALL, 

M.A. 

^SS.^^^'^^^Y  OP  r^OCAL  TAXA- 
TION IN  SCOTLAND.  By  Stanley 
HoRSFALL  Turner,  M.A.  Crown  Svo. 
5s.  net. 

TWEEDIE,    MAJOR-GENERAL   W.. 

THE  ARABIAN  HORSE:  His  Country 
AND  People.  By  Major-General  W. 
Tweedie,  C.S.L,  Bengal  Staff  Corps, 
for  many  years  H.B.M.'s  Consul- 
General,  Baghdad,  and  PoUtical  Resi- 
dent for  the  Government  of  India  in 
Turkish  Arabia.  In  one  vol.  royal  4to, 
with  Seven  Coloured  Plates  and  other 
Illustrations,  and  a  Map  of  the  Country. 
Large  Paper  Edition.    Price  £6,  6s.  net. 

VAUGHAN,   PROFESSOR  C.   E. 

THE    ROMANTIC    REVOLT.     By  Pro- 
fessor C.   B.   Vauohan.     Crown    Svo 
58.  net.  * 

VEITCH,   PROFESSOR. 

H-A;MILTON.    (Philosophical  Classics  for 
English  Readers.)  By  Professor  Vbitch 
Fcap.  Svo,  Is.  net. 

VERNfeDE,    R.    E. 

AN      IGNORANT     IN     INDIA.        By 
'      R.  E.  Vern^de,    Crown  Svo,  5s.  net. 

VOYAGE  OF  THE   "SCOTIA,"  THE. 

Being  the  Record  of  a  Voyage  of  Ex- 
ploration in  Antarctic  Seas.  By  Three 
OF  THE  Staff.     Demy  Svo,  21s.  net. 

WADDELL,  REV.  P.  HATELY    D  D 

ESSAYS     ON     FAITH       By    Rev     P 
Hately  Waddell,  D.D.     Crown  Svo 

3s.  6d.  ' 

^?9J^?^'rS     ON     MODERN     MYSTI- 
CISM.   Crown  Svo,  3.s.  6d. 

WAKE,   LUCY. 

LADY      WAKE'S      REMINISCENCES. 
By  Lucy  Wake.      With  Portraits  and 
Illustrations.        Second      Impression 
Demy  Svo,  12s.  6d.  net. 
WALFORD,    E. 
JUVENAL.     (Ancient  Classics  for  Eng- 
lish Readers.)    ByE.WALFORD     Vcap. 
Svo,  Is.  net.  ^ 


WALLACE,   PROFESSOR.  ^ 

KANT.  (Philosophical  Classics  for 
English  Readers.)  By  Professor  Wal- 
lace.   Fcap.  Svo,  Is.  net. 

WARREN,  SAMUEL. 

DIARY  OF  A  LATE  PHYSICLAN. 
By  Samuel  Warren.  Cloth,  2s.  6d. ; 
boards,  2s. ;  paper  cover.  Is. 

NOW  AND  THEN.  The  Lily  and  the 
Bee.  Intellectual  and  Moral  Develop- 
ment of  the  Present  Age.    4s.  6d. 

WATSON,   GILBERT. 

THE  SKIPPER.  By  Gilbert  Watson. 
Crown  Svo,  6s. 

WATT,   MACLEAN. 

BY  STILL  WATERS.  By  Maclean 
Watt.     Is.  6d.;  leather,  2s. 

WEIGALL,   ARTHUR  E.   P. 

TRAVELS  IN  THE  UPPER  EGYPTIAN 
DESERTS.  By  Arthur  E.  P.  Weioall. 
With  numerous  Illustrations.  Crown 
Svo.  7s.  6d.  net 

THE  LIFE  AND  TIMES  OF  AKH- 
NATON,  PHARAOH  OF  EGYPT. 
Illustrated.  Second  Impression.  Crown 
Svo,  10s.  6d.  net. 

THE  TREASURY  OF  ANCIENT 
EGYPT.  Chapters  on  Ancient  Egyp- 
tian History  and  Archaeology.  With 
Illustrations.    Demy  Svo,  7s.  6d.  net. 

WENLEY,        PROFESSOR,        D.Sc, 
D.Phil.  ' 

ASPECTS  OF  PESSIMISM.  By  R.  M. 
Wenley,  M.A.,  D.Sc,  D.Phil.,  Pro- 
fessor of  Philosophy  in  the  University 
of  Michigan,  U.S.A.    Crown  Svo,  6s. 

WHIBLEY,   CHARLES. 

THACKERAY.        "Modern     English 

Writers."       By  -Charles     Whiblkt 

Crown  Svo,  2s.  6d. 
WILLIAM    PITT.     With  Portraits  and 

Caricatures.    Crown  Svo,  6s.  net. 
AMERICAN   SKETCHES.     Crown  Svo, 

6s. 

WHISPER    A. 

KING  AND  CAPTIVE.    By  A.  Whisper. 

Crown  Svo,  6s, 
THE  8INISTPR  NOTE.    Crown  Svo,  6s. 

WHITE,    REV.   JAMES. 

SIR  FRIZZLE  PUMPKIN,  NIGHTS 
AT  MESS,  &c.  By  Rev.  Jambs  Write. 
Illustrated  caver.  Is. ;  cloth,  Js  fid 

WHYTE,    ADAM  GOWANS. 

THE   TEMPLETON  TRADITION.     By 
Adam  Gowans  Whyte,    Crown  Svo.  6s 
YELLOWSANDS.    Crown  Svo,  68. 

WILSON,    CHRISTOPHER. 

THE  MISSING  MILLIONAIRE.  By 
Christopher  Wilson.    Crown  Svo,  6s 

THE  HEART  OF  DELILAH.  Crown 
Svo,  6s. 
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WILSON,    LADY. 

LETTERS  FROM  INDIA.  By  Lady 
Wilson.    Demy  8vo,  Ts.  6d.  net. 

WILSON,   PROFESSOR. 

WORKS  OF  PROFESSOR  WILSON. 
Edited  by  his  Son-in-Law,  Professor 
Fkbribr-    12  vols,  crown  8vo,  £2,  8s 

THE  NOCTES  AMBROSIAN^.    4  vols. 

168. 

ESSAYS,    Critical    akd    Imaginative 

4  vols.,  16s. 
CHRISTOPHER    IN   HIS    SPORTING 

JACKET.     2  vols.,  Ss. 
LIGHTS   AND    SHADOWS    OF   SCOT 

TISH    LIFE,    AND   OTHER  TaLES.      48. 

ISLE     OF     PALMS,    CITY     OF     THE 

PLAGUE,   AND  OTHER   POBMS.      48, 

WINRAM,   JAMES. 

VIOLIN  PLAYING  and  VIOLIN 
ADJUSTMENT.  By  jABfKS  Winram. 
Crown  Svo,  5s.  net. 

WORSLEY,      PHILIP      STANHOPE, 
M.A. 

HOMER'S  ODYSSEY.  Translated  into 
English  Verse  in  the  Spenserian  Stanza. 
By  Philip  Stanhope  Worsley,  M.A. 
New  and  Cheaper  Edition.  Post  Svo, 
78.  6d.  net. 


WOTHERSPOON,   H.  J.,   M.A. 

KYRIE  BLEISON  ("Lord,  have 
Mercy  ").  A  Manual  of  Private  Prayers. 
With  Notes  and  Additional  Matter.  By 
H.  J.  W0THER8P00N,  M.A.,  of  St  Os- 
wald's, Edinburgh.  Cloth,  red  edges, 
Is.  net;  limp  leather,  Is.  6d.  net. 

BEFORE  AND  AFTER.  Being  Part  I. 
of  'Kyrie  Eleison.'  Cloth,  limp,  Cd. 
net. 


THE  SECOND  PRAYER  BOOK  OF 
KING  EDWARD  THE  SIXTH  (1552), 

ALONG  WITH  THE  LiTDRQY  OF  COM- 
PROMISE. Edited  by  Rev.  G.  W. 
Sprott,  D.D.    Crown  Svo,  4s.  net. 

YATE,   LIEUT. -COLONEL,   M.P. 

KHURASAN  AND  SISTAN.  By  Lieut  - 
Colonel  C.  E.  Yate,  C.S.L,  C.M.G. 
With  numerous  Illustrations  and  Map. 
Demy  Svo,  2l8. 

NORTHERN  AFGHANISTAN ;  or.  Let- 
ters FROM  THE  Afghan  Boundary 
Commission.  With  Route  Maps.  Demy 
Svo,  18s. 


BLACKWOODS' 
Shilling    Editions    of    Popular 

Novels. 

Bound  In  Cloth.    With  Coloured  Illustration  on  Wrapper. 

**PIP  *':  A  Romance  of  Youth, 

By  Ian  Hay. 

THE  RED  NEIGHBOUR. 

By  W.  J.  EccoTT. 

THE  QREEN  CURVE. 

By  Olb  Luk-Oie. 


THE  DAFT  DAYS. 

By  Neil  Munro. 

THE  LUNATIC  AT  LARGE. 

By  J.  Stoker  Clouston. 

CAPTAIN  DESMOND,   V.C. 

By  Maud  Diver. 

THE  GREAT  AMULET. 

By  Maud  Diver. 

CANDLES  IN  THE   WIND. 

By  Maud  Diver. 

SARACINESCA. 

By  F.  Marion  Crawford. 

THE  MOON  OF  BATH. 

By  Beth  Ellis, 

JOHN  CHILCOTE,  M.P. 

By  Katherine  Cecil  Thurston. 

THE  POWER  OF  THE  KEYS. 

By  Sydney  C.  Grier. 


THE  RIGHT  STUFF. 

By  Ian  Hay. 

IN    HIGHLAND    HARBOURS 
WITH  PARA   HANDY. 

By  Hugh  Foulis. 

A   MAN'S  MAN. 
By  Ian  Hay. 

FANCY  FARM. 

By  Neil  Munro. 

THE  ADVANCED  GUARD* 

By  Sydney  C.  Grier. 
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^be  Scotttsb  XTejrt  Society. 


This  Society  was  founded  in  1882  for  the  purpose  of  printing  and 
editing  texts  in  Early  and  Middle  Scots.  Two  parts  or  volumes, 
extending  to  not  less  than  400  pages,  are  published  annually  ;  but 
additional  parts  or  volumes  are  issued  when  the  funds  permit.  They 
are  printed  in  uniform  style,  octavo,  and  are  issued  (a)  in  paper  covers, 
or  (6)  bound  in  half-leather  (maroon),  with  cloth  sides,  gilt  top,  and 
gilt  lettering.  The  Annual  Subscription  is  .£1,  Is.  (One  Guinea), 
payable  in  advance.  Specimen  Volumes  may  be  seen  at  the  Society's 
Printers,  Messrs  William  Blackwood  &  Sons,  45  George  Street, 
Edinburgh,  and  37  Paternoster  Row,  London,  or  in  any  of  the  libraries 
in  Great  Britain  and  abroad. 

Note, — The  volumes  have  been  issued  in  half-leather  since  1897.  Earlier  volumes 
are  in  paper  covers  only  ;  but  they  may  be  bound  to  the  Society's  pattern 
at  the  cost  of  Is.  6d.  per  volume.  Most  of  the  back  volumes  are  in  print, 
and  may  be  purchased  by  subscribers.  Particulars  of  price,  &c.,  may  be 
had  on  application  to  the  Treasurer. 


LIST   OF   PUBLICATIONS. 


The  Kingis  Quair,  together  with  A  Bal- 
lad of  Good  Counsel.  By  King  James  I. 
Edited  by  the  Rev.  Professor  W.  W. 
Skeat,  M.A.,  LL.D.    pp.  113  and  Iv. 

The  Poems  of  William  Dunbar.  Part  I. 
Edited  by  John  Small,  M.A.  pp.  160  and 
iv. 

The  Court  of  Venus,  By  lohne  Rolland, 
i575.  Edited  by  the  Rev.  Walter  Gregor, 
M.A,,  LL.D.    pp.  231  and  xxxii. 

The  Poems  of  William  Duiibar.  Part 
II.  Edited  by  John  Small,  M.A.  pp.  169 
and  vi. 

Leslie's  Historie  of  Scotland.  Part  I. 
Translated  into  Scottish  from  the  original 
Latin  by  Father  James  Dairy mple. 
Edited  by  the  Rev.  E.  G.  Cody,  O.S.B. 
pp.  130  and  iv. 

Schir  William  Wallace,  Knight  of 
Ellerslie.  Part  I.  By  Henry  the  Min- 
strel, commonly  known  as  Blind  Harry. 
Edited  by  James  Moir,  M.A.    pp.  181. 

The  Wallace.  Part  II,  Edited  by  James 
Moir,  M.A,    pp.  198. 


Sir  Tristrem.  With  Introduction,INote8, 
and  Glossary.  Edited  by  Q.  P.  M'Neill, 
M.A.    pp.  148  and  xlviii. 

The  Poems  of  Alexander  Montgomerle. 

Part  I.     Edited   by   James   Cranstoun, 
M.A.,  LL.D.    pp.  176  and  vii. 

The  Poems  of  Alexander  Montgomerle. 

Part  II.      Edited  by  James  Cranstoun, 
M.A.,  LL.D.    pp.  160  and  iv. 

The  Poems  of  Alexander  Montgomerle. 

Part  III.    Edited  by  James  Cranstoun, 
M.A.,  LL.D.    pp.  96  and  Ivii.  r 

Qau's  Richt  Vay  to  the  Kingdome  of 
Heuine.  Edited  by  the  Rev.  Professor 
Mitchell,  D.D.    pp.  130  and  Iviii. 

Legends  of  the  Saints  (Fourteenth 
Century).  Part  I.  Edited  by  the  Rev. 
W.  M.  Metcalfe,  M.A.    pp.  224  and  v. 

Leslie's  Historie  of  Scotland.  Part  II. 
Edited  by  the  Rev.  E.  G.  Cody,  O.S.B. 
pp.  270  and  xxvi. 

Niniane  WinJet's  Works.  Vol.  I.  Edited 
by  the  Rev.  J.  King  Hewison.  pp.  140 
and  exx. 
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The  Poems  of  WillUm  Dunbar.  Part 
III.  Introduction.  By  M.  J.  Ot.  Mackay, 
LL.D.     pp.  cclxxxiii. 

The  Wallace.  Part  III.  Introduction, 
Notes,  and  Glossary.  By  James  Moir, 
M.A.     pp.  189  and  liv. 

Legends  of  the  Saints.  Part  II.  Edited 
by  the  Rev.  W.  M.  Metcalfe,  M.A.  pp. 
386  and  ill. 

t,esiie's  Historie  of  Scotland.  Part  III. 
Edited  by  the  Rev.  E.  G.  Cody,  O.S.B. 
pp.  262  and  iii. 

Satirical  Poems  of  the  Time  of  the 
Reformation.  Part  I.  Edited  by 
James  Cranstoon,  M.A.,  LL.D.     pp.  220 

and  vi. 

The  Poems  of  William  Dunbar.  Part 
rV.  Containing  the  first  portion  of  the 
Notes.  By  the  Rev.  W.  Qregor,  LL.D. 
pp.  244. 

NinUne    WinJet's    Works.      VoL    II. 

Notes  and  Glossary.  By  the  Rev.  J.  King 
Hewison.    pp.  203  and  xxxiii. 

Legends  of  the  Saints.   Part  III.   Edited 
by  tlie  Rev.  W.  M.  Metcalfe,  M.A.     pp. 
,    192  and  iii. 

Satirical  Poems  of  the  Time  of  the 
|i(eformatlon.  Part  II.  Edited  by 
James  Cranstoun,  M.A.,  LL.D.  pp.  181 
and  lix. 

Legends     of     the    Saints.      Part  IV. 

Completing   the   Text.      Edited   by  the 

Rev.  W.  M.  Metcalfe,  M.A.  pp.  285 
and  iii. 

The  Vernacular  Writings  of  George 
Buchanan.  Edited  by  P.  Hume  Brown, 
M.A.,  LL.D.     pp.  75  and  xxxviii. 

Scottish  Alliterative  Poems  in  Riming 
Stanzas.  Part  I.  Edited  by  P.  J. 
Amours,     pp.  187  and  vi. 

Satirical  Poems  of  the  Time  of  the 

Reformation.  Part  III.  Containing 
first  portion  of  Notes.  By  James  Crans- 
toun, M.A.,  LL.D.     pp.  188  and  iii. 

The  Poems  of  William  Dunbar.  Part 
V.  Completion  of  Notes  and  Glossary. 
By  the  Rev.  W.  Gregor,  LL.D.  And 
Appendix,  by  M.  J.  G.  Mackay,  LL.D. 
pp.  291. 

Satirical  Poems  of  the  Time  of  the 
Reformation.  Part  IV.  Completion  of 
Notes,  Appendix,  Glossary,  and  Index  of 
Proper  Names.  By  James  Cranstoon, 
M.A.,  LL.D.     pp.  186  and  xii. 

Barbour's  Bruce.  Part  I.  Edited  by  the 
Rev.  Professor  Walter  W..  Skeat,  M.A-, 
LL.D.     pp.  351  and  iii. 


Barbour's  Bruce.  Part  II.  Edited  by 
the  Rev.  Professor  Walter  W.  Skeat,  M.A., 
LL.D.    pp.  4S0  and  viii. 

Barbour's  Bruce.  Part  III.  Introduc- 
tion. By  the  Rev.  Professor  Walter  W. 
Skeat,  M.A.,  LL.D.    pp.  cxi. 

Leslie's  Historie  of  Scotland.  Edited 
by  the  Rev.  E.  Q.  Cody,  O.S.B.  Part  IV. 
Completion  of  Text,  with  Notes,  Glossary, 
&c.  By  William  Murison,  M.A.  pp.  328 
and  vii.' 

Legends  of  the  Saints.  Part  V.  Notes 
(first  portion).  By  the  Rev.  W.  M. 
Metcalfe,  D.D.    pp.  256  and  iv. 

The  Poems  of  Alexander  Scott.  Edited 
by  James  Cranstoun,  M.A.,  LL.D.  pp.  218 
and  xxii. 

Legends  of  the  Saints.  Part  VI.  Com- 
pletion of  Notes  and  Glossary.  By  the 
Rev.  W.  M.  Metcalfe,  D.D.  pp.  240 
and  1. 

Scottish  Alliterative  Poems  in  Riming 
Stanzas.  Part  II.  Edited  by  P  J. 
Amours,    pp.  294  and  xc. 

The  Qude  and  Qodlie  Ballatis.  Edited 
by  the  Rev.  Professor  Mitchell,  D.D. 
pp.  338  and  cliv. 

The  Works  of  Mure  of  Rowallan.  Vol.  I. 
Edited  by  William  Tough,  M.A.  pp.  306 
and  xxvii. 

Works  of  Mure  of  Rowallan.  Vol.  II. 
Edited  by  William  Tough,  M.A.  pp. 
345  and  iii. 

Lindesay  of  Pitscottie's  Historie  and 
Cronicles.  Vol.  I.  Edited  by  iEneas 
J.  G.  Mackay,  LL.D.    pp.  414  and  clx. 

Lindesay  of  Pitscottie's 'Historie  and 
Cronicles.  Vol.  II.  Edited  by  .^neas 
J.  G.  Mackay,  LL.D.     pp.  478  and  xii. 

Gilbert  of  the  Haye's  Prose  MS.  (1456). 

Vol.  I.  TheBuke  of  the  Law  of  Arrays,  or 
BvJce  of  BataUlis.  Edited  by  J.  H. 
Stevenson,    pp.  303  aud  evil. 

Catholic  Tractates  of  the  Sixteenth 
Century  (1573-1600).  Edited  by 
Thomas  Graves  Law,  LL.D,  pp.  308 
and  Ixiii. 

The  New  Testament  In  Scots,  being 
Purvey's  Revision  of  Wycliffe's  Version, 
tamed  into  Scots  by  Murdoch  Nisbet 
(c.  1520).  Edited  by  Thomas  Gmves 
Law,  LL.D,    Vol.  I.    pp.  300  and  xxxvii. 

Livv's  History  of  Rome:  The  First 
Five  Books.  Translated  into  Scots  by 
John  Bellenden  (1533).  Vol.  I.  Edited 
by  W.  A.  Oaigie,  M.A.  pp.  805  and 
xvii. 


General   Literature. 
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The  Poems  of  Alexander  Hume  (?  1 557- 
1609).  Edited  by  the  Rev.  Alexander 
Lawson,  B.D.    pp.  279  and  Ixxiii. 

The  New  Testament  in  Scots.  Edited 
by  Thomas  Graves  Law,  LL.D.  Vol.  II. 
pp.  367  and  ix. 

The  Original  Chronicle  of  Andrew  of 
Wyntoun  (c.  1420).  Printed  on  Par- 
allel Pages  from  the  Cottonian  and  Wemyss 
MSS.,  with  the  Variants  of  the  other  Texts. 
Edited  by  F.  J,  Amours.  Vol.  11.  (Text, 
Vol.  I.)    pp,  351  and  xix. 

Livy's  History  of  Rome:  The  First 
Five  Books.    Completion  of  Text,  with 

'  Notes  and  Glossary.  Edited  by  W.  A. 
Craigie,  M.A.     Vol.  II.    pp.  408, 

The  New  Testament  in  Scots.  Edited 
by  Thomas  Graves  Law,  LL.D.  Vol.  III. 
pp.  397  and  xiii. 

The  Original  Chronicle  of  Andrew  of 
Wyntoun.  Edited  by  F.  J,  Amours. 
Vol.  III.  (Text,  Vol.  IL)    pp,  497  and  xiv. 

The  Original  Chronicle  of  Andrew  of 
Wyntoun.  Edited  by  F.  J.  Amours. 
Vol.  IV.  (Text,  Vol.  III.)    pp.  435  and  xi. 


The  Poems  of  Robert  Henryson.      Ed- 
ited by  Professor  G.  Gregory  Smith.    VoL 

II.  (Text,  Vol  I.)    pp.  327  and  xxL 

The  Original  Chronicle  of  Andrew  of 
Wyntoun.  Edited  by  F.  J,  Amours. 
Vol.  V.  (Text,  VoL  IV.)    pp.  433  and  xL 

The  Original  Chronicle  of  Andrew  of 
Wyntoun.  Edited  by  P.  J.  Amours. 
VoL  VI.  (Text,  VoL  V.)    pp.  436  and  xv. 

The  Poems  of  Robert  Henryson.  Ed- 
ited by  Professor  G.  Gregory  Smith.    VoL 

III.  (Text,  VoL  IL)    pp.  198  and  xix. 

Poems  of  Alexander  Mcntgomerie,  and 

other  Pieces  from  Laing  MS.  No,  447. 
Supplementary  Volume,  Edited,  with 
Introduction,  Appendices,  Notes,  and 
Glossary,  by  George  Stevenson,  M.A. 
pp.  392  and  Ixv. 

The  Kingis  Quair  by  Jamfes  1.  of  Scot- 
land. Edited  by  Rev.  Walter  W.  Skeat, 
Litt.D.,    LL.D,    D.C.L,,    Ph.D.,    F.B.A. 

New  Series. 


FORTHCOMING    WORKS. 


Lindesay  of  Pitscottie's  Historie  and 
Cronicles.    VoL  III.    Glossary. 

Gilbert  of  the  Haye's  Prose  MS. 
(»459)-  Vol.  II.  The  Buke  of  the  Order 
of  Chivalry,  &c.  Edited  by  J.  H.  Steven- 
son, M.A. 

The  Vernacular  Works  of  James  VI., 
King  of  Scots.  Edited  by  Oliphant 
Smeaton. 

Specimens  of  Early  Legal  Documents 
in  Scots.  Edited  by  David  Murray, 
LL.D. 

The  Maitland  Folio  MS.  Edited  by 
J.   T.  T.   Brown.     {See  Series    of   MS. 

COLLECTIOKS.) 

John  of  Ireland's  Works  (1490),  from 
the  MS.  in  the  Advocates'  Library. 

Montgomerie's  Poems,  from  the  Laing 
MS.    Edited  by  George  Stevenson,  M.A. 

[In  the  press. 

The  Makculloch  and  Gray  MSS.,  with 
Excerpts  from  the  Chepman  and  Myllar 
Prints.  Edited  by  George  Stevenson, 
M.A. 

Catechisms      of      the      Reformation. 

Edited  by  William  Carruthers. 


The  Editorial  Committee  has  other  works 
under  consideration,  including — 

The  Bulk  of  the  Most  Noble  and  Val- 
iant Conqueror  Alexander  the  Grit. 

Prom  the  unique  copy  of  Arbuthnot's 
print  of  1580,  in  the  possession  of  the 
Earl  of  Dalhousie. 

J.  Stewart's  Abbregement  of  Roland 
Furlovs,  translalt  ovt  of  Ariost, 
togither  vith  svm  rapsodies  of  the 
Author,  &c.  From  the  dedication  MS. 
copy  presented  to  James  VI.,  now  pre- 
served in  the  Advocates'  Library. 

Abacuk  Bysset's  '  Rolmentis  of  Courts  * 
(1622),  from  the  MS.  in  the  Library  of 
the  University  of  Edinburgh  (Laing  Col- 
lection) and  the  MS.  in  the  Advocates' 
Library. 

The  Poems  of  Gavin  Douglas. 

The  Poems  of  Sir  David  Lyndsay. 

And  occasional  Volumes  of  a  Miscellant  of 
Shorter  Pieces.  (Information  regarding 
possible  contributions  will  be  gladly 
received  by  the  Committee.) 


^1 


PERIODS    OF    EUROPEAN    LITERATURE:    A  Complete  and 

Continuous  History  of  the  Subject.     Edited  by  Professor  bAlJNib- 
BURY.    In  12  crown  8vo  vols.,  each  5s.  net. 


Ths  Dakk  Ages.    By  Prof.  W.  P.  Ker. 
Thk   Flourishing  of  Romakck  and  thb 

Risk  of  Allegory.      (12tli  and  13th 

Centuries.)    By  Prof.  Saintsbury. 
The  Fourteenth  Century.    By  F.  J.  Snell. 
The   Transition    Period.      By    Prof.    G. 

Gregory  Smith. 
The    Earlier    Renaissance.      By    Prof. 

Saintsbury. 
The     Later    Renaissance.      By     David 

Hannay. 


PHILOSOPHICAL     CLASSICS 

Edited  by  WILLIAM   KNIGHT, 
in  the  University  of  St  Andrews. 


Century.       By 
By  Prof.  C.  B. 


The   First   Half  of  the    Seventeenth 

Century.    By  Prof.  H.  J.  C.  Grierson. 
The   Augustan   Ages.      By  Prof.   OUver 

Elton. 
The     Mid  -  Eighteenth 

Prof.  J.  H.  Millar. 
The  Romantic  Revolt. 

Vaughan. 
I  The  Robjantic  Triumph.    By  T.  S.  Omond. 
The    Later    Nineteenth    Centcry.      By 
I  Prof.  Saintsbury. 


FOR     ENGLISH     READERS. 

LL.D.,   Professor  of  Moral  Philosophy 
Re-usue  in  Shilling  Volumes  net. 


Descartes 

Prof.  Mabaffy. 

BXTTLER     . 

Rev.  W.  L.  Collins. 

Berkeley 

.   Prof.  Campbell  Praser. 

Fichte    . 

Prof.  Adamson. 

Kant 

Prof.  Wallace. 

Hamilton 

.    Prof.  Veitch. 

Hegel 

Prof.  Edward  Caird. 

Leibniz  . 

.      John  Theodore  Merz. 

Vico 

HOBBES     . 

Hume 

Spinoza  . 
Bacon — Part   I. 
Bacon— Part  IL 
Locke 


.      Pr(5f.  Flint. 
Prof.  Croom  Robertson. 
.  Prof.  Knight. 
Principal  Caird. 
.    Prof.  Nichol. 
.    Prof.  Nichol. 
Prof.  Campbell  Fraser. 


FOREIGN   CLASSICS    FOR   ENGLISH    READERS.    Edited  by 

Mrs  OLIPHANT.     Cheap  Re-issub.      In  limp  cloth,  fcap.  8vo,  pnce  Is. 
each  net. 


Dante     ....         Mrs  Oliphant 
Voltaire  General  Sir  B.  B.  Hamley,  K.C.B 


Pascal 
Petrarch 
Goethe   . 

MOLltRE 

Montaigne 
Rabelais 
Caldekon 
Saint  Simon 


.  Principal  Tulloch. 

.  Henry  Reeve,  C.B. 

.   A.  Hayward,  Q.C. 

Editor  and  F.  Traver,  M.A. 

Rev.  W.  L.  Collins. 

Sir  Walter  Besant. 

.    E.  J.  HaselL 

.  C.  W.  Collins. 


Cervantes  .  .  .  Mrs  Oliphant. 
CoRNEiLLE  and  Racine  Henry  M.  TroUope. 
Madame  de  S^vign^  .  Miss  Thackeray. 
La  Fontaine  and  other  \  Rev.  W.  Lucas 
French  Fabulists  .  /  Collins,  M.A. 
Schiller         .        .        .  James  Sime,  M.A. 

T^sgo E.  J.  Hasell. 

Rousseau        .        .      Henry  Grey  Graham. 
Alfred  de  Musset        .        C.  F.  Oliphant. 


ANCIENT  CLASSICS   FOR  ENGLISH   READERS.      Edited  by 

the  Rev.  W.  LUCAS  COLLINS,  M.A.     Cheap  Re-issue.    In  Ump  cloth, 
fcap.  8vo,  price  Is.  each  net.     Contents  of  the  Series— 


Homer:  Iliad 
Homer:  Odyssey 
Herodotus 

CSSAR       . 

Virgil     . 
Horace  . 

.fflSCHYLUS 

Xenophon 
Cicero    . 
Sophocles 

Pliny 

Euripides 

Juvenal 

Aristophanbs 


Rev.  W.  Lucas  Colling. 

Rev.  W.  Lucas  Collins. 

G.  C.  Swayne. 

.  Anthony  Trollope. 

Rev.  W.  Lucas  Collins. 

Sir  Theodore  Martin. 

.  Bishop  Copleston. 

Sir  Alex.  Grant. 

Rev.  W.  Lucas  Collins. 

C.  W.  Collins. 

/Rev.  A.  Church  and 

\     W.  J.  Brodribb. 

.  W.  B.  Donne. 

.      B.  Walford. 

Rev.  W.  Lucas  Collins. 


Hesiod  and  Theognis  .  .  J.  Davies. 
Plautus  and  Terence    Rev.  W.  L.  Collins. 

Tacitus W.  B.  Donne. 

LucLAN    .       .       .  Rev.  W.  Lucas  Collins. 

Plato C.  W.  Collins. 

Greek  Anthology  .  .  Lord  Neaves. 
LivY  .  .  .  R«v.  W.  Lucas  Collins. 
Ovid  ....  Rev.  A.  Church. 
Catullus,  Tibullus,  and'j^        j  jjavies. 

Peopertius 
Demosthenes 
Aristotle 
Thucydides    . 
Lucretius 
Pindar   . 


.        -      / 

W.  J.  Brodribb. 

Sir  Alex.  Grant. 

.  Rev.  W.  Lucas  Collins. 

W.  H.  Mallock. 

.  Rev.  F.  D.  Morice. 


Wm.  Blackwood  &  Sons' 
Educational  Works 


English  , 

History  . 

Latin  and  Orsbk 

Modern  Languages 

Mathematics 

Geography 

Chemistry  and  Popu 

Geology 


• 

COJVTBJVTS, 

PAGE 

PAGE 

.          35 

PALiEONTOLOQY    , 

.       54 

.       42 

Physical  Geography    . 

.      55 

.       42 

Psychology  and  Logic 

55 

.       49 

Forestry 

.      55 

.       52 

Elementary  Series 

56 

.       53 

Writing  and  Copy  Books 

64 

R  Science    54 

University  Calendars 

.       64 

.      54 
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«     « 

* 


Tbe  Publishers  will  be  glad  to  consider  applications 
from  Teachers  for  Specimen  Copies, 


ENGLISH. 


H 


A  History  of  English  Criticism. 

^7^P*°^*  Saintsburt,  M.A.  (Oxon.),  Hon    LL  D    Uhpr^  ^    Pmfocc^,. 


WORKS   BY  J.    LOQIE    ROBERTSON,    M.A. 
A  History  of  English  Literature. 

For  Secondary  Schools.     By  J.  Looie  Robertson    M  A     First  FntTii«r, 

M!f«^'.i  ^^^l^'^\  ^?^?^«'  ^""«««-     With  an  Soduition  brpS  or 
Masson,  Edinburgh  University.     Fifth  Edition,  revised.     3s.        ^'^^^^^'^'^ 

fK?f  ^^f^°?i^^®*~;'/^®  exposition  is  fresh  and  independent,  and  high  above 

SeatToon  not^^W  ^^^^  "^"'^  "^  '^^  ^"^^ ^^^  ^^^  sroulFprove  a 

students "  ^         secondary  schools  and  colleges  but  also  to  private 

Outlines  of  English  Literature.  ^ 

^^irTS^tt^,r'\^^^^^^  «P-—     By  the  SAME  AHTHOR. 
^Spectator.-'' To  sketch  English    literature  from   Beowulf  down   to   Lord  • 

f^^^^7  "^  ^  ^^?^'^  "^^  ^^*y  P^g««  ^it^°^*  falling  1^0  ?he  style  ^  f 
catalogue,  is  an  achievement  of  whieh  Mr  Robertson  miy  well  be  proud." 

English  Verse  for  Junior  Classes. 

^^^    By  the  Samb  Author.    In  Two  Parts.    Is.  6d.  net  each. 

Part    I.— Chaucer  to  Coleridge.  ^*-^ 

^  ,„  P-A^RT  II.— Nineteenth-Century  Poets. 

can'b?  no^aSfJ?^""'^^  *^'-  ^^^\}}^^'V  ^^^1*7  of  this  selection  there 
8ti?cU«tTenrof"he  wo?d!''   ''  °''^'  ^'"  *^*'  *^  ""*  ^^"^^^^   ''^  ^^« 
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English  Prose  for  Junior  and  Senior  Classes. 

By  the  Samb  Author.    In  Two  Parts.    2s.  6d.  each. 
Past  I.— Malory  to  Johnson.    |    Part  II.— Nineteenth  Century. 

Educational  Times.— "We  do  not  remember  to  have  seen  a  better  prose 
coUection  on  the  same  scale,  and  the  book  should  be  very  useful  to  teachers  who 
like  to  work  on  the  lines  of  genuine  literature." 

Mr  R.  Blair,  Education  Officer.— "  I  have  to  infonr  you  that  the  Committee 
of  the  London  County  Council  concerned  have  decided  to  add  the  book  entitled 
'  English  Exercises  for  Junior  and  Senior  Classes '  (J.  L.  Bobertson,  Is.)  to  the 
Council's  supplementary  list  of  books  for  evening  schools." 

English  Exercises  for  Junior  and  Senior  Classes. 

By  the  Same  Author.    Is. 

Schoolmaster.— "These  exercises  have  the  high  recommendation  of  being 

the  gradual  growth  of  a  course  of  practical  work  in  an  English  class-room 

The  manual  cannot  fail  to  be  of  service  even  to  experienced  teachers." 

Headmaster,  Council  Central  Secondary  School.— "  As  an  English  teacher 
and  lecturer  of  long  experience,  I  may  say  unreservedly  that  I  am  delighted  with 
the  book.  I  shall  certainly  use  it  in  my  classes.  The  suggestions  under  each 
extract  are  extremely  good,  and  will  be  valuable  to  teachers  and  students  alike. 

High  School  Headmaster.- "The  exercises  are  admirably  drawn  up,  and  are 
most  suiUble  for  classes  preparing  for  Leaving  Certificate  or  University  examina- 
tions. I  have  great  pleasure  in  adopting  the  book  as  a  class-book,  and  intend  to 
use  it  systematically  throughout  the  session." 

Ens:lish  Drama. 

By  the  Samb  Author.    2s.  6d. 

Spectator. —  "  This  capital  selection Not  only  is  it  a  text-book  with 

excellent    notes,    but    a    neat    and    handy    coUection    of    English    dramatic 
masterpieces." 

The  Select  Chaucer. 

'J^'^  Edited  and  Elucidated  by  the  Same  Author.    Crown  8vo,  3s.  ;  and  in  Two 
Parts— Part  I.,  28. ;  Part  II.,  Is.  6d. 
Athonaum.- "A  very  successful  attempt  to  enlarge  the  range  of  Chaucer 
reading  in  schools.    We  wish  we  could  believe  that  the  book  will  have  the 
circulation  it  deserves." 

•  ParaphrasinfT,  Analysis,   and   Correction  of  Sentences. 

By  D.  M.  J.  Jambs,  M.A.,  Gordon  Schools,  Huntly.    Is. 

Also  in  Tvjo  Parts: — 
Passages  for  Paraphrasing.    Verse  and  Prose.    6d. 
Exercises    in    Analysis^    Parsing,    and    Correction    of 
Sentences.    6d.         ' 
Athenaum.— "The  pieces  are  well  calculated  to  improve  the  grammar  and 
style  of  the  rising  generation  in  an  age  which  is  not  distinguished  for  lucidity  or 
logic."  !^Ha»>»  i'^ 


*.;- 


Part    /.,  Chaucer  to  Bums,  clotb,  Is.  net. 
Part  n.,   Wordsworth  i&  Newbolt,  cloth.  Is.  net. 
In  One  Volume  complete,  cloth,  2s.  net. 
Prize  Edition,  5s. 

The 

School  Anthology 
of  English  Verse. 

A  Selection  of  English  Verse 
from  Chaucer  to  the.  Pi-e^nt  Day. 

^_        EDITED   BY      Yo. 

J.  H.  LOBBAN,  M.A., 

Lecturer  in  English  Literature,  Birlcbeclc  College,  London; 
Editor  of  'The  Oranta  Shakespeare^'  &c 


Athenaum.-*;  We  have  here  such  poetry  as  rings  moraUy  sound  and  exalts 
tne  soundest  mstincts  and  feelmgs  of  human  nature.*^  ni»Li  v  i 

Guardian.— "The  work  is  worthy  of  nothmg  less  than  absolutely  unqualified 
approval,  and  we  cordially  wish  it  the  hearty  welcome  it  deserves." 

.rl^^^  ^J^^^^catioa .-"  O^e  of  the  best  small  anthologies  we  have  seen  for 
some  time.    The  selection  is  made  with  gieat  good  taste  and  care." 


Elementary  Grammar  and  Composition. /(J j*    ^  .j 

Based  on  the  Analysis  of  Sentences.    With  a  Chapter  on  Word-Build. 
ING  and  Derivation,  and  containing  numerous  Exercises.    Is. 

Schoolmaster.- "A  very  valuable  book.  It  is  constructive  as  well  as 
analytic,  and  weU-planned  exercises  have  been  framed  to  teach  the  voune 
student  how  to  use  the  elements  of  his  mother-tongue." 

A  Working  Handbook  of  the  Analysis  o?^eriterices. 

With   Notes   on   Parsing,   Paraphrasing,    Figures  op  Speech,   and 
Prosody.    New  Edition,  Revised.    Is.  6d. 

Schoolmaster.—"  The  book  deserves  unstinted  praise  for  the  care  with  which 
tne  matter  has  been  arranged,  the  depth  of  thought  brought  to  bear  upon 
tne  discussion  of  the  subject...,,.. Out  of  the  best  and  soundest  productions  on 
aaalyaia  of  sentences  we  have  met  t^th  yet." 


I 


38 


William  Blackwood  &  Sons'  List. 


STORMONTH'S    ENGLISH    DICTIONARIES. 

Prokounchig,  Ettmoloqical,  aitd  Explanatobt. 

I.  Library  Edition. 

Imp.  8vo,  half  morocco,  18s.  net, 

II.  School  and  College  Edition.  OOrlliP 

New  Edition.    Crown  8vo,  1080  pp.    Ss.  ritk.  ^  ^' 


A 


.^^r 


s/    n»!Hmrt   to 

BLACKWOOD'S 

SEVENPENNY 
DICTIONARY 


•'At  such  a  price  nothing  better  could  be  asked:  good  clear 
print,  concise  yet  ample  explanations,  and  accurate  ety- 
mology. Just  such  a  handy  volume  as  schools  need.  Has 
evidently  been  prepared  with  great  care.  It  Justifies  its 
record  lor  reliability.  "—TAe  ScbooJ  Guardian. 

STOKMONTH'S 

HANDY  SCHOOL  DICTIONARY    i 


•a 


PEONOTJNCING  AND  EXPLANATORY 


•a«  ofn 


_  Thoroughly  Revised  and  Enlarged  by  ^^  ,^^ 
WILLIAM    BAYNE 


^-'•TT';-- 


t'ua 
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The  Qeorge  Eliot  Reader. 

ll  ^^^■t^^'THl.EB   Author  of  'A  School  History  of  English  Literature  ' 
«c.     With  an  Introduction  and  Portrait.     2s.  ^^b^^^h  i^iieraiure, 

Academy.— ' '  A  fascinating  little  volume. " 

English  Words  and  Sentences. 

Book   I.     For  the  Junior  Division.    6d. 
Book  II.    For  the  Intermediate  Division.    8d 

Story  of  the  World  Readers.     See  p.  68. 
Blackwood's  Literature  Readers.     See  p.  57. 
Specimens  of  Middle  Scots. 

With  Historical  Introduction  and  Glossary  at  Knm^Q     u^  n  r. 

Eng:lish  Prose  Composition. 

By  Jambs  Gurrib,  LL.D.     Fifty-seventh  Thousand.    Is.  6d. 

Short  Stories  for  Composition. 

First  Series.    With  Specimens  of  Lbtth-rs    awt.  QTT,>r,««„  ^      t 

AND  Essays.    Seventh  Impression     112  p^L    is.    ^"""^^  *°^  ^"^^^^ 

Sliort  Stories  for  Composition. 

Second  Series.    With  Lessons  on  Vocabulary.     Third  Edition.     112 
Educational  News.  — "These  stories  are  frpsh    «i,nr+    ««j     -xu         «« 

'""'"  lorSu*;"™"*''  """  '^"P^-Teacher  Exercises  for 

With  Instbuotions  in  the  Akt  op  Lkttih  .»«  w...-  m 

PHBASINO,   FlQUBES  OP  SpEKOT.ic       U^.   ^  ^"^  ^="""''    ^'^- 

FH>  .  f  LACKWOODS-   SCHOOL    SHAKESPEARE. 

Hr  «^-  -^  --S  ^eS.1;.r.  ---; 


Tlie  Mercliant  of  Venice. 
Richard  II. 
Julius  Cssar. 
The  Tempest. 


Other  Volumea  in  preparation. 


As  You  Like  It. 
Henry  V. 
Macbeth. 
Twelfth  Ni^ht. 
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William  Blackwood  6:  Sons'  List. 


BLACKWOODS'    ENGLISH    CLASSICS, 

With  Portraits.     In  Fcap.  8vo  volumes,  cloth. 

General  Editor— J.  H.  LOBBAN,  M.A.,  ^ 

Editor  of  '  The  School  Anthology ' ;  Lecturer  in  English  Literature,  Birkbeck  College, 
London ;  Editor  of  '  The  Oranta  Shakespeare,'  Ac. 


r 


1- 


■/•■rj^Mal  o/  EduGBiion,—**  TliiB  Series  has,  we  believe,  already 
won  th.e  favourable  notice  of  teachers.  It  certainly  deserves  to  do 
so.  Its  volumes  are  edited  with  scholarly  care  and  sound  literary 
judgment.  They  are  strongly  and  neatly  bound,  and  extremely  well 
printed."  ,,.•.•  j 

Saturday  Roviow.—**  The  print  is  good,  and 'the  introductions 
both  short  and  to  the  point,  while  the  notes  strike  a  happy  mediun;! 
between  misplaced  erudition  and  trivial  scrappiness."  j&'ih 

School  Board  ChroniolOm—**  There  are  no  more  thorough  and 
helpful  annotated  editions  than  those  of  the  series  of  ^l^^J^wopd^' 
Snglish  Classics."  ., 

Cowper — The  Task,  and  Minor  Poems. 

By  Elizabeth  Lbb,  Author  of  'A  School  History  of  English  Literature.' 

Guardian. — "Miss  Elizabeth  Lee  scores  a  distinct  success.  Her  introduction 
is  to  the  {>oint  and  none  too  long;  her  notes  are  apt  and  adequate." 

Scott — Lady  of  the  Lake.  t 

By  W.  E.  W.  Collins,  M.A.    Is.  6d. 

Saturday  Review. — "Like  some  other  members  of  this  series  of  'English 
Classics'  we  have  noticed  recently,  this  volume  is  a  good  piece  of  work." 

Johnson — Lives  of  Milton  and  Addison. 

By  Professor  J.  Wight  Duff,  D.Litt.,  Durham  College  of  Science,  New- 
castle-upon-Tyne.    2s.  6d.  hH^Vx 
Educatloiial  News. — "  A  scholarly  edition.     The  introduction  contains  things 
as  good  as  are  to  be  found  in  Macaulay's  essay  or  Leslie  Stephen's  monograph." 

Milton — Paradise  Lost,  Books  L-IV.      4  ^-^  ••» 

By  J.  LoGiE  R0BHRT8ON,  M.A.,  First  English  Master,  Edinburgh  Ladies' 
College.      2s.  6d. 

Saturday  Review.— *' An  excellent  edition."  ti/..ii^ 

Macaulay — Life  of  Johnson. 

By  D.  NicHOL  Smith,  M.A.,  Goldsmith's  Reader  in  English,  University  of 
Oxford.     Is.  6d. 

Journal  of  Education. — "Mr  Smith's  criticism  is  sound,  simple,  and  clear. 
Annotated  with  care  and  good  sense,  the  edition  is  decidedly  satisfactory." 

Carlyle — Essay  on  Burns.  ,^  .^^ 

By  J.  DowNiB,  M.A.,  U.F.C.  Training  College,  Aberdeen.    28.  6d.  y    , 

Guardian. — "A  highly  acceptable  addition  to  our  stock  of  school  classics. 
We  congratulate  Mr  Downie  on  having  found  a  field  worthy  of  his  labours 
and  on  having  accomplished  his  task  with  faitibfulneas  and  skill." 
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Goldsmith— Traveller,  Deserted  Village,  &  other  Poems. 

By  J.  H.  LoBBAN,  M.A.,  Lecturer  in  English  Literature,  Birkbeck  CoUeee. 
London.    Is.  6d.  »  6  > 

Literature.— "  If  Goldsmith  touched  nothing  that  he  did  not  adorn    Mr 
Lobban  and  his  publishers  have  adorned  Goldsmith."  * 

Pope— Essay    on    Criticism,    Rape    of    the    Lock,    and 
other  Poems. 

By  George  Soutar,   M.A.,  Litt.D.,  Lecturer  in  English  Language  and 
Literature,  University  College,  Dundee.    2s.  6d. 
Guardian.—"  The  selection  is  made  with  taste,  and  the  commentary  is  sound 
adequate,  and  not  overburdened  with  superfluous  information."  ' 

Hazlitt — Essays  on  Poetry. 

By  D   Nichol  Smith,  M.A.,  Goldsmith's  Reader  in  EngUsh,  University  of 
Oxford.    2s.  6d.  o       .  j 

Athenaum.— "  The  introduction  is  a  capital  piece  of  work." 

Wordsworth,  Coleridge,  and  Keats. 

By  A.  D.  INNES,  M.A.,  Editor  of  '  JuUus  Caesar,'  &c.,  &c.    2s.  6d. 
Academy.—'* For  Mr  Innes's  volume  we  have  nothing  but  praise." 

Scott — Marmion. 

By   Alexander    Mackib,    M.A.,    Examiner   in   English,    University    of 
Aberdeen ;  Editor  of  '  Warren  Hastings,'  &c.    Is.  6d. 
Guardian.—"  The  volume  is  worthy  to  take  its  place  with  the  best  of  its  kind." 

Lamb — Select  Essays. 

By  Agnes  Wilson,  Editor  of  Browning's  '  Strafford,'  &c. ;  late  Senior  Enelish 
Mistress,  East  Putney  High  School.    2s.  6d. 
Athenanm.— "  Miss  Wilson's  edition  is  well  equipped." 

Milton— Samson  Agonistes. 

By  E.  H.  Blakeney,  M.A.,  Headmaster,  King's  School,  Ely.    2s.  6d. 

School  World.— "  Everything  testifies  to  excellent  scholarship  and  editorial 
care The  notes  are  a  joy  to  the  critic." 

Byron — Selections. 

By  Professor  J.  Wight  Duff,  D.Litt.,  Armstrong  College,  in  the  University 
of  Durham,  Newcastle-upon-lVne.     3s.  6d. 

■^^demy  and  Literature.— "  Nothing  has  been  done  perfunctorily ;  Professor 
Duff  IS  himself  interested  in  Byron,  and  passes  on  to  his  reader,  in  consequence 
some  of  the  emotion  he  himself  has  felt."  ' 

Mr  G.  K.  Chesterton  in  'The  Daily  News.'— "  Mr  Wight  Duff  has  made  an 
exceedingly  good  selection  from  the  poems  of  Byron,  and  added  to  them  a  clear 
and  capable  introductory  study." 

.Profe88orR.Wiilker  in  'En^lischeStudien.'-"  Wight  Duff's  Byron  wird 
sicherhch  dazu  beitragen  des  Diohters  Werke  in  England  mehr  zu  verbreiten 
m  dies  bisher  ffeschehen  ist.    Aber  auch  in  Deutschland  ist  das  Buch  alien 
rreunden  Byron  s  warm  zu  empfehlen." 
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HI5T0RY.' 

oirt  History  of  Scotland. 

By  Andrew  Lang.    Crown  8vo,  5s.  net. 


bfJE 


LATIN  AND  GREEK. 


Hisfher  Latin  Prose. 

With  an  Introduction  by  H.  W.  Audkn,  M.A.,  Principal,  Upper  Canada 
College,  Toronto ;  formerly  Assistant-Master,  Fettes  College,  Edinburgh ; 
late  Scholar  of  Christ's  College,  Cambridge,  and  Bell  University  Scholar. 
28.  6d. 

*^*  A  Key  {for  Teachers  only\  65.  net. 

Educational  Times. — "Those  who  are  in  need  of  a  short  practical  guide  on 

the  subject  will  find  Mr  Auden's  little  work  well  worth  a  trial. The  passages 

chosen  are  well  suited  for  txanslation. " 

School  Ouardian. — "This  is  an  excellent  Latin  prose  manual.  The  hints 
on  composition  are  first-rate,  and  should  be  of  considerable  use  to  the  student 

of  style  who  has  mastered  the  ordinary  rules  of  prose  writing Altogether, 

this  is  a  very  valuable  little  book." 

Lower  Latin  Prose. 

By  K.  P.  Wilson,  M.A.,  Assistant-Master,  Fettes  College,  Edinburgh. 
28.  6d. 

%*  A  Key  [for  Tectchers  only),  6«.  net. 

Jomal  of  Education. — "  A  well-arranged  and  helpful  manual.  The  whole 
book  is  well  printed  and  clear.     We  can  unreservedly  recommend  the  work." 

Higlier  Latin  Unseens. 

For  the  Use  of  Higher  Forms  and  University  Students.  Selected,  with  In- 
troductory Hints  on  Translation,  by  H.  W.  Auden,  M.A.,  Principal,  UpP©r 
Canada  College,  Toronto  ;  formerly  Assistant- Master,  Fettes  College,  Edin- 
burgh; late  Scholar  of  Christ's  College,  Cambridge,  and  Bell  University 
Scholar.     2s.  6d. 

Educational  News. — "The  hints  on  translation  given  by  Mr  Auden  arc  the 
most  useful  and  judicious  we  have  seen  in  such  small  bulk,  and  they  are  illus- 
trated with  skilful  point  and  aptness." 

Lower  Latin  Unseens. 

Selected,  with  Introduction,  by  W.  Lobban,  M.A.,  Classical  Master,  High 
School,  Glasgow.    28. 

Aihannnm. — "  More  interesting  in  substance  than  such  things  usually  are." 

Journal  of  Education. — "  Will  \y  welcomed  by  all  teachers  of  Latin." 

School  Ouardian. — "The  introductory  hints  on  translation  should  b«  well 
studied ;  they  are  most  valuable,  and  well  put" 


tvfj  'Educational  Works. 


43 


Now  issued  at  Is.  ed.  net  to  meet  the  requireraents  of  the 
Education  Department  for  a  Latin  Translation  Book  suited  to 
pupils  in  the  early  stage  of  the  subject.  In  its  more  expensive 
form  the  volume  has  been  extensively  used  by  the  greater  Public 
Schools,  and  is  in  its  Twelfth  Edition.  A  specimen  copy  will  be 
sent  gratis  to  any  teacher  wishing  to  examine  the  book  with 
a  view  to  introduction. 

TWELFTH  EDITION. 

Aditus  Faciliores. 

AN  EASY  LATIN  CONSTRUING  BOOK, 

WITH  VOCABULARY. 

BY  j      . 

A.   W.  POTTS,  M.A.,  LL.D., 

Late  Head-Master  of  the  Fett«3  College,  Edinburgh,  and  sometime 
Fellow  of  St  John's  College,  Cambridge ; 

AND  THE 

Rev.  C.   DARNELL,  M.A., 

Late  Head-Master  of  Cargilfield  Preparatory  School,  Edinburgh, 

and  Scholar  of  Pembroke  and  Downing 

Colleges,  Cambridge. 


Contents. 


'^'^p- 


'^'^^f 


tr- 


PART  I.— Stories  and  Fables— The  Wolf  on  his  Death-Bed— Alex- 
ander and  the  Pirate— Zeno's  Teaching— Ten  Helpers— The  Swallow 
and  the  Ants— Discontent— Pleasures  of  Country  Life— The  Wolf  and 
the  Lamb— Simplicity  of  Farm  Life  in  Ancient  Italy— The  Conceited 
Jackdaw  — The  Ant  and  the  Grasshopper  —  The  Hares  contemplate 
Suicide— The  Clever  Parrot— Simple  Living— The  Human  Hand— The 

Bear — Value  of  Rivers— Love  of  the  Country — Juno  and  the  Peacock 

The  Camel— The  Swallow  and  the  Birds— The  Boy  and  the  Echo— The 
Stag  and  the  Fountain — The  Cat's  Device— The  Human  Figure— The 
Silly  Crow— Abraham's  Death- Bed— The  Frogs  ask  for  a  King— The 
Gods  select  severally  a  Favourite  Tree— Hear  the  Other  Side. 

PART  II.— Historical  Exti-acts— The  Story  of  the  Pabii  :  Histori- 
cal  Introduction— The  Story  of  the  Fabii.  The  Conqusst  of  Veii  : 
Historical  Introduction— The  Conquest  of  Veii.  The  Sacrifice  of 
Dkcius  :  Historical  Introduction — The  Sacrifice  of  Decius.  .   -?.  . 

PART  III.— The  First  Roman  Invasion  of  Britain— Introduction 
to  Extracts  from  Caesar's  Commentaries — The  First  Roman  Invasion  of 
Britain. 

PART  IV. —The  Life  of  Alexander  the  Great- Historical  Intro- 
c«jTf^S!^Wj---Lifa  and  Campaigns  of  Alexander  the  Great. 
'  .    -  Appendix.  Vocabulary.  Addenda. 

Two  Maps  to  lUibstrate  the  First  Roman  Invasion  of  Brjiaiai  and  the 
Campaigns  of  Alexander  the  Great. 
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WUiiam  Blackwood  &  Sons'  List. 


First  Latin  Sentences  and  Prose. 

By  K    P.  Wilson,  M.A.,  late  Scholar  of  Pembroke  College,  Cambridge; 
Assisiaiit-Maater  at   Fettes   College.     With  Vocabulary.     26.   6d.     Also 
issued  in  Two  Parts,  Is.  6d.  each. 
Saturday  Review.— ••This  is  just  the  right  sort  of  help  the  beginner  wants. 

It  is  certainly  a  book  to  be  recommended  for  preparatory  schools  or  the 

lower  classes  of  a  public  school." 

Educational  Review.—"  Form  masters  in  search  of  a  new  composition  book 
will  welcome  this  publication."  ^m  m 

A  First  Latin  Reader. 'OAT      2UTiaA 

With  Notes,  Exercises,  and  Vocabulary.    By  K.  P.  Wilson,  M.A.,  Fettes 
College.    Crown  8vo,  Is.  6d. 

Tales  of  Ancient  Thessaly. 

An  Elementary  Latin  Reading  -  Book,  with  Notes  and  Vocabulary.  By 
J  W.  E.  Pbarcs,  M.A.,  Headmaster  of  Merton  Court  Preparatory  School, 
Sidcup ;  late  Assistant-Master,  University  College  School,  London.  With 
a  Preface  by  J.  L.  Paton,  M.A.,  late  FeUow  of  St  John's  College, 
Cambridge ;  Headmaster  of  the  Grammar  School,  Manchester.  Is. 
Guardian.— '•A  striking  and  attractive  volume.  Altogether,  we  have  here 
quite  a  noteworthy  little  venture,  to  which  we  wish  all  success." 

Latin  Verse  Unseens. 

By  G.  MiDDLETON,  M.A.,   Classical   Master,  Aberdeen  Grammar  School, 

late  Scholar  of  Emmanuel  College,  Cambridge  ;  Joint-Author  of  •  Student  s 

Companion  to  Latin  Authors. '    Is.  6d. 

Schoolmaster.— "They  form  excellent  practice  in  'unseen'  work,  in  a  great 

variety  of  style  and  subject.     For  purposes  of  general  study  and  as  practice  for 

examinations  the  book  is  a  thoroughly  useful  one."  __  ^^ 

Latin  Historical  Unseens. 

For  Army  Classes.    By  L.  C.  Vauohan  Wilkes,  M.A.    2s. 
Army  and  Navy  Oaxette.— ••  Will  be  found  very  useful  by  candidates  for 
entrance  to  Sandhurst,  Woolwich,  and  the  Militia." 

Stonyhurst  Latin  Grammar. 

By  Rev.  John  Gbbabd.    Second  Edition.    Pp.  199.     Ss. 

Aditus  Faciliores  Qraeci. 

An  Easy  Greek  Constraing  Book,  with  Complete  Vocabulary.    By  the  late 

*       A.   W.  Potts,   M.A.,   LL.D.,  and  the  Rev.    C.   Babnell,   M.  A.     Fifth 

Edition.     Fcap.  8vo,  3s.  .    .,?^    *,.   .,v.  \    rrfT       VT    T^AM 


.,"C 


»T    T^T/.q 


im  Flosculos  in  Usum  Fettesianorum  decerptos 
Notis  quibusdam  illustraverunt  A.  Gul.  Potts,  m.a.,  ll.d.  ; 

GUL.  A.  Heard,  M.A.,  LL.D.     New  Impression. 


C]^wn  8vo,  3s.  6d. 
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Greek  Accidence. 

For  Use  in  Preparatory  and  Public  Schools.  By  T.  C.  Weathbbhead, 
Jt  -i  Headmaster,  (Jou-  School,  King's  College,  Cambridge;  formerly  of 
Trinity  College,  Cambridge,  and  Bell  University  ScholM-.    Is.  6d. 

Literature.— ''Not  the  least  of  its  merits  is  the  clearness  of  the  type,  both 
Greek  and  English."  ^^  ' 

Pilot.--"  The  most  useful  book  for  beginners  we  have  seen." 


itf  ! 


Tlie  Messenian  Wars. 

An  Elementary  Greek  Reader.  With  Exercises  and  Full  Vocabulary  Bv 
H.  W.  AUDBN  M.  A.,  Principal,  Upper  Canada  College,  Toronto  :  formerly 
Assistant-Master  Fettes  College,  Edinburgh  ;  late  Scholar  of  Christ's  College, 
Cambridge,  and  Bell  University  Scholar.     Is.  6d.  v^"t^r 

Saturday  Review.— •'A  far  more  spirited  narrative  than  the  Anabasis.    We 
warmly  commend  the  book." 

Higher  Greek  Prose. 

With  an  Introduction  by  H.  W.  Auden,  M.A.,  Principal,  Upper  Canada 
College,  Toronto.    2s.  6d.    \*  Key  (for  Teaches  only),  bi.  n^t 

Guardian.- ''The  selection  of  passages  for  translation  into  Greek  is  certainly 
well  made.  •' 

Journal  of  Education.— "A  manual  of  weU-graduated  exercises  in  Greek 
I'rose  Composition,  ranging  from  short  sentences  to  cojitinuous  pieces." 

Lower  Greek  Prose. 

?^  £•  ^l  Y^°i?'  ^•^'  Assistant-Master  in  Fettes  College,  Edinbureh. 
2s.  6d.     ♦»♦  A  Key  {/or  Teachers  only),  5s,  net. 

School  Guardian.— "A  well-arranged  book,  designed  to  meet  the  needs  of 
middle  forms  m  schools. 

Higher  Greek  Unseens. 

For  the  Use  of  Higher  Forms  and  University  Students.     Selected,  with 
Introductory  Hints  on  Translation,  by  H.  W.  Auden,  M.A.,  Principal, 
Upper  Caiiada  College,  Toronto ;  formerly  Assistant- Master,  Fettes  College 
Jikimburgh.     2s.  6d.  °  ' 

f«.^?i?°^*^*?*}  J^^^-t"^?  contains  a  good  selection  quite  difficult  enough 
for  the  highest  forms  of  public  schools." 

Schoolmaster.— "The  introductory  remarks  on  style  and  translation  form 
eminently  profitable  preliminary  reading  for  the  earnest  and  diligent  worker  in 
tne  golden  nune  of  classical  scholarship.'^ 

Greek  Unseens. 

Being  One  Hundred  Passages  for  Translation  at  Sight  in  Junior 

ULAS8BS.    Selected  and  arranged.    With  Introduction  by  W.  Lobban,  M.A., 

Classical  Master,  The  High  School,  Glasgow.    2s. 

This  little  book  is  designed  for  the  use  of  those  preparing  for  the  Leaving  Cer- 

tifacate,  Scotch  Preliminary.  London  Matriculation,  and  similar  exainiiiations  in 

~L    The  extracts  are  drawn  from  over  a  score  of  ditferent  autliors,  and  regar'd 

^as  been  had  in  the  selection  to  literary  or  historical  interest,  and  in  the  arrange- 

meni  to  progressive  difficulty. 
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.'j^' 


At^itil.} 


Qreek  Verse  Unseens. 

By  T.  R.  Mills,  M.A.,  Lecturer  in  Classiea,  University  College,  Dmidee, 
formerly  Scholar  of  Wadham  College,  Oxford ;  Joint-Author  of  '  Student's 
Companion  to  Latin  Authors.'    Is.  6d. 

School  Guardian.— ''A  capital  selection  made  with  much  discretion It 

is  a  great  merit  that  the  selections  are  intelligible  apart  from  their  context" 

University  Correapondent. — "This  careful  and  judicious  selection  should 
be  found  very  useful  in  the  higher  forms  of  schools  and  in  preparing  for  leas 
advanced  University  examinations  for  Honours." 

Greek  Test  Papers. 

By  James  Moib,  LittD.,  LL.D.,  late  co-Rector  of  Aberdeen  Grammar  School. 
2s.  6d. 

*^*  A  Key  (for  Teachers  only),  5s.  net. 

University  Correspondent.— "  This  useful  book The  papers  are  based 

on  the  long  experience  of  a  practical  teacher,  and  should  prove  extremely  help- 
ful and  suggestive  to  all  teachers  of  Greek." 


Greek  Prose  Phrase  Book. 


lo  U 


Based  on  Thucydid«s,  Xenophon,  Demosthenes,  and  Plato.  Arranged  accord- 
ing to  subjects,  with  Indexes.  By  H.  W.  Auden,  M.A.,  Editor  of 
'  Meissner's  Latin  Phrase  Book.'    Interleaved,  3b.  6d.    -. -.'i*-»     .-.T^Owi 

•  Spectator. — "A  good  piece  of  work,  and  likely  to  be  useful." 
Athenaum.— "  A  useful  little  volume,  helpful  to  boys  who  are  learning  to 

write  Greek  prose. "  " ' ''* '-' 

Journal  of  Edncation. — "Of  great  service  to  schoolboys  and  schoolmasters 

alike.    The  idea  of  interleaving  is  especially  commendable." 

Aristoplianes — Pax. 

Edited,  with  Introduction  and  Notes,  by  H.  Sharpley,  M.A.,  late  Scholar 
of  Corpus  Christi  College,  Oxford.     In  1  vol.    12s.  6d.  net. 

A   5liort    History    of    the    Ancient    Greeks    from    tlie 
Earliest  Times  to  tlie  Roman  Conquest^^Tq  vi 

By  P.  GiLSS,  Litt.D.,  LL.D.,  University  Reader  in  Comparative  Philology, 
Cambridge.    With  Maps  and  Illustrations.  ^^^^.^llnj^eparation. 


Outlines  of  Greek  History. 

By  the  Saiub  Axtthob.    In  1  voL 


■-7-:-TT    ^yO   n-''TfI 


[In  preparation. 


A  Manual  of  Classical  Geosfraphy. 

f    By  Johh  L.  Mjrk,  M.A.,  Fellow  of  Magdalene  College ;   ^fessor  off 
Ancient  BUstory,  Oxford.  [In  preparation.' 
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BLACKWOODS' 

ILLUSTRATED 

CLA55ICAL    TEXT5. 

General  Editor— H.  W.  AUDEN,  M.A., 

^^F?**/  ""^  }{PP®^^,*°*^^  College    Toronto;    formerly  Assistant-Master  at 
vers^  SchofaV  ^*'^  College,  Cambridge,  and  Bell  Uni- 


./- 


Uteraturo,-*' The  best  we  have  seen  of  the  new  type  of  school- 
book." 

Acadamy.—**  If  the  price  of  this  series  is  considered,  we  know 
not  where  to  look  for  its  equal." 

PubiiG  Sehooi  Magaxina.-"  The  plates  anffmaps  seem  to  have 
been  prepared  regardless  of  cost.  We  wonder  how  it  can  all  be  done 
at  the  price." 

■  H 

BLACKWOODS'    CLASSICAL    TEXTS. 
Caesar— Gallic  War,  Books  I. -III. 

^f  Tnw;  ?tf  ^"^n^ '  J^-.f '  Assistant-Master  at  Rugby ;  late  Scholar  of 
St  John  s  College,  Cambridge.     With  or  without  Vocabulary.    Is.  6d. 

Caesar— Gallic  War,  Books  IV.,  V.  ^^^ 

i^L^T:.?^  "^V^vTl^^^;.^^,^^^'  ^•^•'  headmaster.  Haileybury  College  : 

t  «^      v^'  °1  ^1^  '^°^  '  ^°"'^^'  Cambridge.     With  or  without  Vocabul^y 

Is.  6d.     Vocabulary  separately,  3d.       ,.lii   ^iio-  >ioH 

Caesar— Gallic  War,  Books  VI.,  VII. 

^^*  ?;  ^\\  ^^  PONTET,  M.  A.,  Assistant-Master  at  Harrow.    With  or  wifhJ 
out  Vocabulary.     Is.  6d. 

Virgil— Georgic  1. 

?7t?*.^^^?*^J?^T'  ^'^''  -^^istant- Master  at  Westminster;  late  Soiwaar 
of  University  CoUege,  Oxford.    Is.  6d.  ^WW^ 

Virgll—Georgic  IV.  ^ 

By  J.  Sargeaunt,  M.A.,  Assistant-Master  at  Westminster:  late  Scliolar'o? 
University  College,  Oxford.    Is,  6d.  ,     i*    v^uumi  ui 
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Virgil— >eneid,  Books  V.,  VI. 

By  Rev.  St  J.  B.  WTmfi  Willson,  M.A.,  Headmaster,  Haileybury 
College.     Is.  6d. 

Ovid— Metamorphoses  (Selections). 

By  J.  H.  ViNCB,  M.A.,  late  Scholar  of  Clirist's  College,  Cambridge, 
Assistant-Master  at  Bradfield.     Is.  6d. 

Ovid — Elegiac  Extracts. 

By  R  B.  BuRNABT,  M.A.  Oxon.  ;  Classical  Master,  Trinity  College, 
Glenalmond.     Is.  6d. 

Arrian — Anabasis,  Books  I.,  II. 

By  H.  W.  AUDKN,  M.A.,  late  Scholar  of  Christ's  College,  Cambridge; 
Principal  of  Upper  Canada  College,  Toronto ;  formerly  Assistant- Master 
at  Fettes  College.    2s.  6d. 

Homer — Odyssej^,  Book  VI. 

By  E.  E.  Sixes,  M.A.,  Fellow  and  Lecturer  of  St  John's  College, 
Cambridge.    Is.  6d. 

Homer — Odyssey,  Book  VII. 

By  E.  E.  Sixes,  M.A.,  Fellow  and  Lecturer  of  St  John's  College, 
Cambridge.  [In  preparation. 

Demosthenes — Olynthiacs,  1-3. 

By  H.  Shabplbt,  M.A.,  late  Scholar  of  Corpus  College,  Oxford;  Assistant- 
Master  at  Hereford  SchooL    Is.  6d. 

Horace — Odes,  Books  I.,  II. 

By  J.  Sabgeaunt,  M.A.,  late  Scholar  of  University  College,  Oxford; 
Assistant-Master  at  Westminster.     Is.  6d. 


I?3m,> 


Horace — Odes,  Books  III.,  IV. 

By  J.  Sabgeaunt,  M.A.,  Assistant-Master  at  Westminster.    Is.  6d. 

Cicero — In  Catilinam,  I. -IV. 

By  H.  W.  Adden,  M.A.,  late  Scholar  of  Christ's  College,  Cambridge; 
Principal  of  Upper  Canada  College,  Toronto ;  formerly  Assistant- Master 
at  Fettes  College.    Is.  6d.  • 

Cicero — De  Senectute  and  De  Amicitia. 

By  J.  H.  ViNCE,  M.A.,  Assistant-Master  at  Bradfield. 


Cicero — Pro  Lege  Manilla  and  Pro  Archia. 


[In  preparation. 


By  K.  P.  Wilson,  M.A.,  late  Scholar  of  Pembroke  College,   Cambridge  ; 
Assistant- Master  at  Fettes  College.     28.  6d.  ^ 


.U'  f 
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Cicero— Select  Letters. 

By  Rev.  T.  Nicklin,  M.A.,  Assistant-Master  at  Rossall.    2s.  6d. 

Cicero— Pro  Caecina. 

ColW    ^'  ^'  ^'^''^*  ^'^-  ^""^^'^   Assistant-Master  at  Marlborough 

[In  preparaiion. 

Tacitus— Agricola. 

By  H.  F.   MOBLAND  Simpson,  M.A.,  late  Scholar  of  Pembroke  College 
Cambridge;  Rector  of  Aberdeen  Grammar  School.  flnTeparaH^l 

Xenophon— Anabasis,  Books  I.,  II. 

By  A.  Jaqqbr  M.A.,  late  Scholar  of  Pembroke  College.  Cambridge  •  Head- 
master, Queen  Elizabeth's  Grammar  School,  Mansfield.      Is  6^        ' 

Sallust— Ju^urtha. 

ilmU'e'cXrcfrntri^^^^^^^  ^*  Westminster;  late  Fellow  of 

Euripides — Hercules  Furens. 

By  E.  H.  Blakenet,  M.A.,  Headmaster,  King's  School,  Ely.    2s.  6d. 

Livy—Book  XXVIII. 

?/An^'^°T°?'  M. A.,  Classical  Master  in  Aberdeen  Grammar  School- 
Ma'ns^frS4,'^^^^^^^^ ^i%.^^^^^  ^-'^''^^  ^'  ^-  Testa.entV::l: 

Livy—Book  IX. 

?^  ^:  ^:  S^^^^^'  ^•^•'  ^**«  Scholar  of  St  John's  CoUege    Cambridge- 
Assistant-Master  at  Liverpool  College.  [/n^e^aS: 

Nepos— Select  Lives. 

By  Rev.  E.  J.  W.  Houghton,  D.D.,  Headmaster  of  Rossall  School. 

[In  the  press. 

MODERN  LANGUAGES. 

FRENCH. 

Historical  Reader  of  Early  French. 

Contajning  Passages  Illustrative  of  the  Growth  of  the  French  Laniriaire 
from  the  Earhest  Times  to  the  end  of  the  15th  Century.    By  Hkm^  A 
STBONa    LL.D     Officier   de  I'Instruction   PubliquerProSsor^^Iti^- 
University  College,  Liverpool;  and  L.  D.  Babnstt,  M.A.,   LittD     &    ' 

tori^^'Sr^^-'^'"'''*  °»°'P»*''°  to  *»>«  "od*™  h^idbooks  on  Us- 

D 
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The  Tutorial  Handbook  of  French  Composition. 

By  Alfekd  MF.RCIBR.  L..^8.L.,  Lecturer  on  French  Language  and  Literature 
in  the  University  of  St  Andrews.     Ss.  6d. 
p^inftational  Times -"A  very  useful  book,  which  admirably  accomplishes 

its  S of  help^g  students  preparing  for  ^^^^^^'^^^\'T^'  'IJ^lT^lZ 
novel  &,  which  commend  themselves  at  once  to  any  one  who  has  had  to  teach 

the  subject." 

French  Historical  Unseens. 

For  Army  Qasses.     By  N.  B.  Tokb,  B.A.    2s.  6d. 

Journal  of  Education.-'*  A  distinctly  good  book Maybe  unreservedly 

commended." 

A  First  Book  of  **Free  Composition"   in  French. 

By  J.  Bdmond  Mansion,  B.-^s-L.,  Headmaster  of  Modern  Languages  In  the 
Roy^d  Academical  Institution,  Belfast.     Is. 
School  World.— "We  recommend  it  warmly  to  all  teachers  of  French,  and 

trust  that  it  will  have  a  wide  circulation." 

French  Test  Papers  for  Civil  Service  and   University 
Students. 

Edited  by  Emilb  B.  lb  Francois,  French  Tutor,  Redcliff  House,  Win- 
chester House,  St  Ives,  &c.,  Clifton,  Bristol.     2s. 

Weekly  Register.— "  Deserves  as  much  praise  as  can  be  heaped  on  it 

Thoroughly  good  work  throughout."  j  • 

All   French  Verbs  in  Twelve  Hours  (except   Defective 
Verbs). 

By  Alfred  J.  Wyatt,  M.A.    Is.  ^.    ,  .   1 

Wfteklv  Rejrister.-"  Altogether  unique  among  French  grammatical  helps, 
wi™yL^^'th  ;  ceup  d^^h  with  avoidance  of  repetition,  with  a  premium 
on  intellectual  study,  which  constitute  a  new  departure. 

The  Children's  Quide  to  the  French  Language. 

By  ANNIB  G.  Fbbbier,  Teacher  of  French  in  the  Ladies'  College,  Queen 
Street,  Edinburgh.    Is.  ,       .„  ,     ,       j  u  1  i^  i 

Schoolii;a8ter.-"The  method  is  good,  and  the  book  will  be  found  helpful 
l>y  those  who  have  to  teach  French  to  small  children. 


GERMAN. 


I 


A  History  of  German  Literature. 

By  John  G    Robertson,  Ph.D.,  Professor  of  German  in  the  University 
of  London.     10s.  6d.  net. 

fp'^l:^rhat"mret'n:^VV^^^^^^^     than  any  other  English  writer." 

Outlines  of  the  History  of  Qerman  Literature. 

For  the  Use  of  Schools.    By  the  Same  Author.     Crown  8vo,  38.  6d.  net. 


DR   LUBOVIUS'   QERMAN   SERIES. 
A    Practical   Qerman   Qrammar,   Reader  and    Writer. 

By  Louis  LUBOVIUS,  Ph.D.,  German  Master,  Billhead  High  School.  Glas- 
gow;  Lecturer  on  German,  U.P.C.  Training  College ;  Examiner  for  Degrees 
m  Arts,  Umversity  of  Glasgow. 

Part   I. — Elementary.      2s, 
Partn.    38. 

Lower  Qerman. 

Reading,  Supplementary  Grammar  with  Exercises,  and  Material  for  Com- 
position.  With  Notes  and  Vocabulary,  and  Ten  Songs  in  Sol-Fa  Notation. 
By  Loms  LuBOvius,  Ph.D.    2s.  6d. 

Athenaum,— "  The  volume  is  well  designed." 

Preparatory  Schools  Eeview.— "A  capital  reading-book  for  middle  forms." 

Progressive  Qerman  Composition. 

With  copious  Notes  and  Idioms,  and  First  Introduction  to  German 
Philology.    By  Louis  Lubovius,  Ph.D.    3s.  6d. 

AUo  in  Two  Parti : — 
Progressive  German  Composition.    2s.  6d. 


*  * 


A  Key  {for  Teachers  only),  5s.  net. 


First  Introduction  to  Qerman  Philology.    Is.  6d. 

JoTumal  of  Education.— "  The  passages  for  translation  are  well  selected, 
and  the  notes  to  the  passages,  as  well  as  the  grammatical  introduction    give 

real  assistance The  part  of  the  book  dealing  with  German  philology  de^erees 

great  praise. 


A  Compendious  Qerman  Reader. 

Consisting  of  Historical  Extracts,  Specimens  of  German  Literature  Lives 
of  German  Authors,  an  Outline  of  German  History  (1640-1890),  Biographical  and 
Historical  Notes.    Especially  adapted  for  the  use  of  Army  Classes.    By  G.  B. 

Guardian.— "This  method  of  compilation  is  certainly  an  improvement  on  the 
notch-potch  of  miscellaneous  passages  to  be  found  in  many  of  the  older  books." 

Spartanerjunsrlinge.     A  Story  of  Life  in  a  Cadet  College. 

By  Paul  von  SzczepaI^ski.    Edited,  with  Vocabulary  and  Notes,  by  J  M 
M0RBI8ON,    M.A.,    Master    in    Modern    Languages,    Aberdeen    Grammar 
bcnool.    2s. 

Scotsman.—"  An  admirable  reader  for  teaching  German  on  the  new  method 
and  is  sure  to  prove  popular  both  with  students  and  with  teachers."  ' 

A  Qerman  Reader  for  Technical  Schools. 

ByEwALDP.  Skckleb,  Senior  Language  Master  at  the  Birmingham  Muni- 
cipal  Day  School ;  German  Lecturer,  Birmingham  Evening  School :  French 
Lecturer,  Stourbridge  Technical  School.    2s. 
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SPANISH. 

A  Spanish  Qrammar. 

With  Copious  Exercises  in  Translation  and  Composition;  Easy  reading 
Lessons  aid  Extracts  from  Spanish  Authors  ;  a  List  of  Idioms  ;  a  Glossary 
of  Commercial  Terms  (English-Spanish) ;  and  a  copious  ^^^^^J  ,^  ^£,^^,^^^^5^ 
(Spanish-English).  By  William  A.  Kessbn,  Teacher  of  Spanish,  Billhead 
High  School,  Glasgow.    3s.  6d.  .      .v     o       •  v 

Ttivpatnrs'   Raview  —  "To  the   student  who  wishes  to  master  the  Spanish 
lan^IagX  coZeTdal  or  literary  purposes  this  admirable  little  boot  will 

^'cwimer^^^'Contains  practically  all  that  is  necessary  for  the  acquirement 
of  a  working  knowledge  of  the  language." 


MATHEMATICS. 


Arithmetic.  .     ^ 

With  numerous  Examples,  Revision  Tests,  and  Examination  Papere.  By 
A.  Vkitoh  LOTHIAN, ^I. a.,  B.Sc.,  F.R.S.E.,  Mathematical  and  Science 
Lecturer,  E.C.  Training  College,  Glasgow.     With  Answers.     68.  m. 

Guardian.-"  A  work  of  first-rate  importance -We  should  find  it  hard 

to  snggestaky  improyement We  venture  to  predict  that  when   the  book 

becomfs  kno^,  it  will  command  a  very  wide  circulation  in  our  public  schools 
and  elsewhere." 

Practical  Arithmetical  Exercises. 

Fob  Ssniob  Pupils  in  Schools.    Containing  upwards  of  8000  Examples, 

consisti^g^^at  part  of  Problems,  and  760  Extracts  from  Examination 

S.^Seco  364  pages,  3s.     ^*^^  ^^^^'J^' ^• 

James   Welton,    Esq..    Lecturer   on    Education,    and   Master  of  Met?u>d, 

Y^mL  CoU^-'^  You^  *  Practical  Arithmetic  'seems  to  me  the  most  complete 

coSion  of  e/ercises  in  existence.     Both  idea  and  execution  are  excellent. 

Elementary  Algebra. 

The  Complete  Book.  288  pp.,  cloth,  2s.  WUh  Ansv>ers,  2s.  6d.  A^^s 
sold  separately,  price  9d.  Pt.  L,  64  pp.,  6d.  Pt.  II  64  pp.,  M.  Pt^ 
lU.,  70  pp.,  6d.  Pt.  IV.,  96  pp.,  9d.  Answers  to  Pts.  L,  XL,  IIL,  eacn 
2d.' ^n«(»r*  to  Pt.  IV.,  3d.  .     ..      ^     i    v  T>,a 

r^„/»o«nTial  News— "A  short  and  compact  introduction  to  algebra ..ine 

exf^SS  are  tmilably  good,  and  the  arrangement  of  the  s^bj ect- matter  iB  on 
SeXdSt  prSciples.^  The  Work  is,  on  the  whole,  to  be  commended  as  being 
at  once  inexpensive  and  scholarly." 

Handbook  ol  Mental  Arithmetic.  .„!,-. 

With  7200  Examples  and  Answers.    264  pp.    2s.  6d.    Also  m  Six  Parts, 

limp  cloth,  price  6d.  each.  „\,r..-,U 

-T^— »  ii««t>»lx7— «*The  examples  are  mainly  concrete,  as  tney  should 

be^orall'J^aSeS,  and%"tTmost  important,   of  the  right  amouut  of 

^M^pltional  News  -"  This  is,  as  a  matter  of  fact,  at  once  a  handbook  and  a 
hid?^k^    It  iti;^' absolute  storehouse  of  exercises  m  mental  computations. 
.??!Sie^a^  most  valuable  practical  hints  to  teachers." 


Modern    Geometry    ol   the    Point,    Straight    Line,    and 
Circle. 

An  Elementary  Treatise.     By  J.  A.  Thibd,  D.Sc,  Headmaster  of  Spier's 
School,  Beith.    3s. 

Schoolmaster.  —  "  Each  branch  of  this  wide  subject  is  treated  with  brevity 
it  is  true,  and  yet  with  amazing  completeness  considering  the  size  of  the  volume! 
So  earnest  and  reliable  an  effort  deserves  success." 

JouTDAl  of  Education. —  "  An  exceedingly  useful  text -book,  fuU  enough 
for  nearly  every  educational  purpose,  and  yet  not  repellent  by  overloading." 

Educational  News.— *' A  book  which  will  easily  take  rank  among  the  best  of 
its  kind.     The  subject  is  treated  with  complete  thoroughness  and  honesty." 

Mensuration. 

128  pp.,  cloth,  Is.     Also  in  Two  Parts.     Pt.  I.,  Parallelograms  and  Tri- 
angles.     64  pp       Paper.   4d.;   cloth,   6d.      Pt.   II.,   Circles   and   Solids. 
PP-     pper,  4d.  ;  cloth,  6d.    Answers  may  be  had  separately,  price  2d. 

Educational  Times.— "The  explanations  are  always  clear  and  to  the  point, 
while  the  exercises  are  so  exceptionally  numerous  that  a  wide  selection  is  offered 
to  the  students  who  make  use  of  the  book." 

Higher  Arithmetic. 

I^r  Ex-Standard  and  Continuation  Classes.     128  pp.     Paper,  6d. ;  cloth,  8d. 
With  Answers,  cloth,  lid.     Answers  may  be  had  separately,  price  3d. 


GEOGRAPHY. 

Fifty-Fifth  Thousand, 

Elements  of  Modem  Geography. 

By  the  Rev.   Alexander   Maokay,   LL.D.,    F.R.G.S. 
present  time.    Pp.  300.    3s. 

thft''^r*S?i^^*~"fr-  ^^^^?^  P^'P^^^  ^^  pupn.teachers  the  book  contains  all 
auLrsht  a^d^^^^  "'"  ""'  "^'  '"'  '""  *'^  "^^^  ''  °^^^^  ^'  '^  ^^^ 


Revised  to  the 


One  Hundred  and  Ninety-Sixth  Thousand. 

Outlines  of  Modem  Geography. 

By  the  Same  Author.    Revised  to  the  present  time.    Pp.  128.    Is. 

ftfi  w  ?^*^"^®^'r^°  many  respects  an  epitome  of  the  '  Elements '-are  care- 

StJ  fi,  T"!^  *"?  T^*  *^^  ""f  °*«  °^  beginners.    The  arrangement  is  the  same 
as  m  the  Author  s  larger  works. 

One  Hundred  and  Fifth  Thousand, 

First  Steps  in  Geography. 

By  the  Same  Author.    18mo,  pp.  56.    Sewed,  4d. ;  in  cloth,  6d. 
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A  Manual  of  Classical  Geography. 

By  John  L.  Mybbs,  M.  A.,  Professor  of  Ancient  History,  Oxford. 
'  [In  preparation. 


With    nius- 


CHEMISTRY  AND  POPULAR 

SCIENCE. 

Forty  Elementary  Lessons  in  Chemistry. 

By  W.   L.  SARGAirr,    M.A.,    Headmaster,    Oakham   School.     lUustrated. 

Is.  6d.  ,  .  J 

QlMffOW  Herald.  — "Remarkably  well  arranged  for  teachmg  purposes,  and 
sho^^e  compiler  to  have  a  real  grip  of  sound  educational  principles.  The  hook 
is  clearly  written  and  aptly  illustrated." 

Inorganic  Tables,  with  Notes  and  Equations. 

By  H.   M.   TiMPANY,   B.Sc.,   Science   Master,  Borough  Technical  School, 
Shrewsbury.    Crown  8vo,  Is. 

Things  of  Everyday. 

A    Popular    Science    Reader    on    Some    Common   Things. 

trations.     28.  j       i-       « 

Guardian.—"  Will  be  found  useful  by  teachers  in  elementary  and  contmu^on 

schools  who  have  to  conduct  classes  in  the  'science  of  common  things WeU 

and  strongly  bound,  and  illustrated  by  beautifuUy  clear  diagrams. 

GEOLOGY. 

An  Intermediate  Text-Book  of  Geology. 

By    Professor    Chablbs     Lapworth,    LL.D.,    U^iiyersity,    Bmningham. 
Founded  on  Dr  Page's  '  Introductory  Text-Book  of  Geology.      With  nius- 

trations.    58.  ,     .„  i.  i     v  i. 

Educational  News.— "The  work  is  lucid  and  attractive,  and  will  take  hign 
rank  among  the  best  text-books  on  the  subject."  ,     ^.    • 

PubUshers'  Circular.— "The  arrangement  of  the  new  book  is  in  every  way 
excellent,  and  it  need  hardly  be  said  that  it  is  thoroughly  up  to  date  m  all 
details  Simplicity  and  clearness  in  the  book  are  as  pronounced  as  its  accuracy, 
and  students  and  teachers  alike  will  find  it  of  lasting  benefit  to  them.        ,  .    .   . 

Education.— "The  name  of  the  Author  is  a  guarantee  that  the  subject  is 
effeotively  teeated,  and  the  information  and  views  up  to  date. 

PALEONTOLOGY. 

A  Manual  of  Palaeontology. 

For  the  Use  of  Students.  With  a  General  Introduction  on  the  Principles  of 
Paleontology.  By  Professor  H.  allbtice  Nicholson,  Aberdeen^  and 
KiCTABD  LTDBKKiR,B.A.,F.G.S.  &c.  Third  Edition.  Entirely  rewritten 
and  greatly  enlarged*    2  vols.  8vo,  with  141»  Engravmgs.    63s. 
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PHYSICAL  GEOGRAPHY. 

FifteetUh  Edition^  Revised.-  «  1 

Introductory  Text- Book  of  Physical  Geography. 

With  Sketch-Maps  and  Illustrations.    By  David  Page,  LL.1>.,  &c.,  Pro- 
fessor of  Geology  in  the  Durham  College  of  Science,  Newcastle.     Revised 
by  Professor  Charles  Lapwobth.    2s.  6d. 
AthensBum. — ''  The  divisions  of  the  subject  are  so  clearly  defined,  the  explana- 
tions are  so  lucid,  the  relations  of  one  portion  of  the  subject  to  another  are  so 
satisfactorily  shown,  and,  above  all,  the  bearings  of  the  allied  sciences  to  Physical 
Geography  are  brought  out  with  so  much  precision,  that  every  reader  will  feel 
that  difficulties  have  been  removed  and  the  path  of  study  smoothed  before  him." 

PSYCHOLOGY   AND    LOGIC. 

An  Introductory  Text- Book  of  Logic. 

With  Numerous  Examples  and  Exercises.    By  Sydney  Herbert  Mellone, 
M.A.  (Lond.),  D.Sc.  (Edin. ):  Examiner  in  Philosophy  in  the  University  of 
Edinburgh.     Fifth  Edition,  Revised.     Crown  8vo,  5s. 
Scotsman.  —  "This   is   a   well -studied  academic  text -book,  in  which  ♦^^he 
traditional  doctrine  that  has  been  handed  down  from  Aristotle  to  the  univer- 
sity professors  of  to-day  is  expounded  with  clearness,  and  upon  an  instructive 
system  which  leads  tip  naturally  to  the  deeper  and  different  speculations  involved 

in  modem  logic The  book,  in  fine,  is  an  excellent  working  text-book  of  its 

subject,  likely  to  prove  useful  both  to  students  and  to  teachers. ' 

Elements  of  Psychology. 

By  Sydney  Herbert  Mellone,  M.A.  (Lond.),  D.Sc.  (Edin.),  and  Margaret 
Dbdmmond,  M.A.  (Edin.)    Second  Edition,  Revised.    Crown  8vo,  5s. 
Scotsman. — "Thoroughness  is  a  feature  of  the  work,  and,  treating  psychology 
as  a  living  science,  it  will  be  found  fresh,  suggestive,  and  up-to-date. 

Education.  — "  The  authors  of  this  volume  have  made  satisfactory  use  of 
accredited  authorities ;  in  addition,  they  have  pursued  original  investigations 
and  conducted  experiments,  with  the  result  that  great  freshness  of  treatment 
marks  their  contribution  to  the  teaching  of  psychology  " 

A  Short  History  of  Logic. 

By  Robert  Adamson,  LL.D.,  Late  Professor  of  Logic  in  the  University  of 
Glasgow.  Edited  by  W.  R.  Sorley,  Litt.D.,  LL.D.,  Fellow  of  the  British 
Academy,  Professor  of  Moral  Philosophy,  University  of  Cambridge.  Crown 
8vo,  58  net. 
''There  is  no  other  History  of  Logic— short  or  long— in  English,  and  no  similar 
short  work  in  any  other  language." 


FORESTRY. 


The  Elements  of  British  Forestry. 

A  Handbook  for  Forest  Apprentices  and  Students  of  Forestry.  By  John 
Nisbet,  D.CE.,  Professor  of  Forestry  at  the  West  of  Scotland  Agricultural 
College,  Author  of  'The  Forester.'    Crown  8vo,  5s.  6d.  net. 

Forest  Entomologry. 

By  A.  T.  GiLLANDERS,  Wood  Manager  to  His  Grace  the  Duke  of  Northumber- 
land, K.G.  Second  Edition,  Revised.  With  351  Illustrations.  Demy  8vo, 
15s.  net. 
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ELEMENTARY    SERIES. 

BLACKW00D5' 

LITERATURE    READERS.  ' 

Edited  by  JOHN   ADAMS,   M.A.,   LL.D., 

Professor  of  Education  In  the  University  of  London. 

BOOK     I Pp.  228.  Price  Is. 

BOOK   II Pp.  275.  Price  Is.  4d. 

BOOK  Hi Pp.303.  Price  Is.  6d. 

BOOK  IV Pp.  381.  Price  Is.  6d. 


NOTE. 

This  new  Series  would  seek  to  do  for  Literature  what  has 
already  been  done  by  many  series  of  School  Readers  for 
History,  Geography,  and  Science.  Many  teachers  feel  that 
their  pupfis  should  be  introduced  as  soon  as  possible  to  the 
works  of  the  great  writers,  and  that  reading  may  be  learnt 
from  these  works  at  least  as  well  as  from  compiiations 
specially  written  for  the  young.  Because  of  recent  changes 
in  Inspection,  the  present  is  a  specially  suitable  time  for 
the  Introduction  of  such  a  series  into  Elementary  Schools. 
In  the  Preparatory  Departments  of  Secondary  Schools  the 
need  for  such  a  series  is  clamant. 

It  is  to  be  noted  that  the  books  are  not  manuals  of 
English  literature,  but  merely  Readers,  the  matter  of  which 
is  drawn  entirely  from  authors  of  recognised  standing.  aTI 
the  usual  aids  given  in  Readers  are  supplied ;  but  illustra- 
tions, as  affording  no  help  in  dealing  with  Literature,  are 
excluded  from  the  series. 

'*  The  volumes,  which  are  capitally  printed,  consist  of  selected 
readings  of  increasing  difficulty,  to  which  notes  and  exercises  are 
added  at  the  end.  The  selected  pieces  are  admirably  chosen,  especially 
in  the  later  books,  which  will  form  a  beginning  for  a  really  sound 
and  wide  appreciation  of  the  stores  of  good.  English  verse  and 
prose."— A  tbeaeeam. 

'*The  selected  readings are  interesting,  and  possessed  of  real 

literary  value.    The  books  are  well  bound,  the  paper  is  excellent, 

and  the  unusual  boldness  and  clear  spacing  of  tne  type  go  far  to 

compensate  for  the  entire  absence  of  pictorial  illustrations.**— Ou«rd/«n. 

A  very  excellent  gradus  to  the  more  accessible  heights  of  the 

English  Parnassus The   appendices   on  spelling,  word-building, 

andT  grammar  are  the  work  of  a  skilful,  practic&l  teacher.*'— Pa// 
MtUl  Qazette. 

**If  we  had  the  making  of  the  English  Educational  Code  for 
Elementary  Schools,  we  should  insert  a  regulation  that  all  boys  and 
girls  should  spend  two  whole  years  on  these  four  books,  and  on 
nothing  elMe.**— Bradford  Observer. 

*'The  books  are  graded  with  remarkable  Bldll,"—QlaM£ow  Herald. 


**  Absolutely  the  best  set  of  all  the  history  readers  that  have  hitherto 
been  published."— r^e  Guardian. 

THE  STORY  OF  THE  WORLD. 

FOR  THE    CHILDREN   OF   THE    BRITISH    EMPIRE.      (In  Five  Books.) 

ByM.  B.  SYNQE. 

with  Coloured  Frontispieces  and  numerous  Illustrations  by 
B.  M.  Synge,  A.R.B.,  and  Maps. 


BOOK  I.  ON  THE  SHORES  OF  THE  GREAT  SEA  Is.  4d. 

Colonial  Edition,  is.  6d. 


The  Home  of  Abraham— Into  Afeica— 
Joseph  in  Egypt -The  Children  of  Israel— 
The  First  Merchant  Fleet— Hiram,  King  of 
Tyre— King  Solomon's  Fleet— The  Story  of 
Carthage— The  Story  of  the  Argonauts— The 
Siege  of  Troy— The  Adventures  of  Ulysses— 
The  Dawn  of  History— The  Fall  of  Tyre— 
The  Rise  of  Carthage— Hanno's  Adventures 
—The  Battle  of  Marathon— King  Ahasuerus 
—How  Leonidas    kept    the    Pass  — Some 


Greek  Colonies— Athens  — Th«  Death  of 
Socrates— The  Story  of  Romulus  and  Remus 
— HowHoratius  kept  the  Bridge— Coriolanus 
—Alexander  the  Great- King  of  Macedonia 
—  The  Conquest  of  India  —  Alexander's 
City— The  Roman  Fleet— The  Adventures  of 
Hannibal  — The  End  of  Carthage  — The 
Triumph  of  Rome— Julius  Caesar  — The 
Flight  of  Pompey— The  Death  of  Caesar. 


IBOOK  n.    THE  DISCOVERY  OF  NEW  WORLDS.    Is.  6d.^ 


The  Roman  World— The  Tragedy  of  Nero— 
The  Great  Fire  in  Rome— The  Destruction 
of  Pompeii— Marcus  Aurelius- Christians  to 
the  Lions— A  New  Rome— The  Armies  of 
the  North— King  Arthur  and  his  Knights— 
How  the  Northmen  conquered  England— 
The  First  Crusade— Frederick  Barbarossa— 
The  Third  Crusade— The  Days  of  Chivalry 
—  Queen  of  the  Adriatic  — The  Story  of 
Marco   Polo  — Dant6'8  Great   Poem  — The 


Maid  of  Orleans— Prince  Henry,  the  Sailor— 
The  Invention  of  Printing— Vasco  da  Gama's 
Great  Voyage  —  Golden  Goa  —  Christopher 
Columbus— The  Last  of  the  Moors— Dis- 
covery of  the  New  World— Columbus  in 
Chains— Discovery  of  the  Pacific— Magel- 
lan's Straits— Montezuma— Siege  and  Fall  of 
Mexico  —  Conquest  of  Peru  —  A  Great 
Awakening. 


BOOK  HL    THE  AWAKENING  OF  EUROPE.    Is.  6d. 


Colonial  Edition,  is.  9d. 


Stoey  of  the  Netherlands— The  Story  of 
Martin  Luther— The  Massacre  of  St  Bar- 
tholomew-The  Siege  of  Leyden-WiUiam 
w  1?  m.^":;^^*^®'»  Voyage  round  the 
World-The  Great  Armada— Virginia— Stoi-v 
01  the  Revenge— Sir  Walter  Raleigh-Tlie 
j^^l^^^'^^^n'—Firat  Voyage  of  the  East 
India  Company— Henry  Hudson-Captain 
S  J"^-^-;;'^^®  Founding  of  Quebec- 
'L^l'^^  Fathers-Thirty  Years  of  War 
-rhe  Dutch  at  Sea— Van  Riebeek's  Colony 


—Oliver  Cromwell— Two  Famous  Admirals 
-De  Ruyter— The  Founder  of  Pennsyl- 
vania—The '  Pilgrim's  Progress  '—William's 
Invitation— The  Straggle  in  Ireland— The 
Siege  of  Vienna  by  the  Turks— The  Story  of 
the  Huguenots— The  Battle  of  Blenheim- 
How  Peter  the  Great  learned  Shipbuilding 
--Charles  XII.  of  Sweden— The  Boyhood  of 
Frederick  the  Great— Anson's  Voyage  round 
the  World— Maria  Theresa— The  Story  of 
Scotland. 
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BOOK  IV.    THE  STRUGGLE 

•i-Hie  Storv  of  the  Great  Mogul— Robert 
C^e^^7  Black  Hole. of  Calcutta-The 
Struggle  for  North  Amenca-George  Wwh- 
SS-How  Pitt  saved  England-The  Fall 
of  Quebec— "The  Great  Lord  Hawke  - 
The  Declaration  of  Independencfr-Captaln 
Cook's  Story-James  Bruce  and  the  Nile- 
The  Trial  of  Warren  Hastings  —  Maria 
Antoinette  -  The  Fall  of  the  BastUe- 
Napoleon  Bonaparte-Horatio  ^elson-The 
id?^nture8  of  Mungo  Park-The  Trave  s^f 
Baron  Humboldt-The  Battle  of  the  Nil-- 


9d. 


for:  SEA  POWER,    is. 

(Copenhagen  —  Napoleon  —  Trafalgar  --  The 
Death  of  Nelson— The  Rise  of  Wellington— 
The  First  Australian  Colony— Story  of  the 
Slave  Trade— The  Defence  of  Saragoza— Sir 
John  Moore  at  Corunna— The  Victory  of 
Talavera— The  Peasant  Hero  of  the  Tyrol— 
The  "Shannon"  and  the  "Chesapeake  — 
Napoleon's  Retreat  from  Moscow— Welling- 
ton's Victories  in  Spain- The  Fall  ^  the 
Empire— Story  of  the  Steam  Engine— Water- 
loo—The  Exile  of  St  Helena. 


BOOK  V.    GROWTH  OF  THE  BRITISH  EMPIRE.    28 


How  Spain  lost  South  America-The  Greek 
War -Victoria,  Q^en  of  England -The 
Great  Boer  Trek-The  Story  o^Natal-The 
Story  of  Canada— The  Winning  of  the  West 
-A  Great  Arctic  Expedition-Discovenes  m 
Australia- The  Last  King  of  France-Louis 
Kossuth  and  Hungary-The  Crimean  War- 
The  Indian  Mutiny— King  of  Umted  Italy 
—Civil  War  in  America— The  Mexican  Re- 
volution-Founding the  German  Empire— 
The  Franco-German  War-The  Dream  of 
Cecil  Rhodes -The  Dutch   Republics   in 


South  Africa— Livingstone's  discoveries  m 
Central  Africa— China's  Long  Sleep— Japan, 
Britain's  Ally— Russia— The  Annexation  of 
Burma  — The  Story  of  Afghanistan  —  The 
Empire  of  India  —  Gordon,  the  Hero  of 
Khartum— The  Redemption  of  Egypt— The 
Story  of  British  West  Africa— The  Story  of 
Uganda  — The  Founding  of  Rhodesia  — 
British  South  Africa  — The  Dominion  of 
Canada  —  Australia  —  The  New  Nation  — 
Freedom  for  Cuba— Reign  of  Queen  Victoria 
—Welding  the  Empire— Citiaenship. 


Also  in  2  volumes,  at  38.  6d.  each  net,  suitable  as  prize  books. 

Uniform  with  this  Series. 

THE    VS^ORLD'S    CHILDHOOD. 

WItb  aameroas  Illustrations  by  Brlnsley  Le  Faau. 
I.    STORIES  OF  THE  FAIRIES.     lod. 


CONTENTS 


1.  Lit-tle  Red  Ri-ding  Hood. 

2.  The  Three  Bears. 

3.  The  Snow -Child. 

4.  Tom  Thumb. 

5.  The  Ug-ly  Duck-Ung. 

6.  Puss  in  Boots. 

7.  The  Lit-tle  Girl  and  the  Cats 

8.  Jack  and  the  Bean-Stalk. 

9.  Gol-dy. 

10.  Cin-der-el-la-iPart  I. 


11.  Cin-der-el-la— Part  II. 

12.  The  Lost  Bell. 

13.  Jack  the  Gi-ant  Kill-er. 

14.  Star-bright  and  Bird-ie. 

15.  Beau-ty  and  the  Beast.: 

16.  Peach -Dar-ling. 

17.  In  Search  of  a  Night's  Rest. 

18.  Dick  Whit-ting-ton  and  his  Cat. 

19.  The  Sleep-ing  Beau-ty. 


II.    STORIES  OF  THE  GREEK  GODS  AND  HEROES.     lod. 


CONTENTS. 


1.  A-bont  the  Gods. 

2.  The  Names  of  the  Gods. 

3.  Tum-ed  in-to  Stone. 

4.  The  8hin-ing  Char-i-ot. 

5.  The  Laur-el  Tree. 

6.  A  Horse  with  Wings. 

7.  The  Cy-press  Tree. 

8.  The  Fruits  of  the  Earth. 

9.  Cu-pid»8  Gold-«n  Ar-rows. 

10.  Pan's  Pipe. 

11.  A  Long  Sleep. 

12.  The  Re-ward  of  Kind-neas. 


13.  At-a-lan-ta's  Race. 

14.  The  8tor-y  of  Al-ces-tls. 
16,  The  Snow-White  Bull. 
16.  The  Spi-der  and  his  Web 
17_  io_the  White  Cow. 

18.  The  Three  Gold-en  Ap-ples. 

19.  The  01-ive  Tree. 

20.  A  Boy  Her-o  of  Old. 

21.  The  Thread  of  Ar-i-ad-ne, 

22.  The  Boy  who  tried  to  Fly. 

23.  The  Gold-en  Harp. 
Teacher's  Appendix. 
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"If  history  can  be  given  a  form  likely  to  make  it  palatable  to  young  folks,  "F" 
has  succeded  in  doing  so  in  these  '  Stories  of  the  English.'  It  is  no  exaggeration  to 
say  that  the  book  represents  not  only  a  masterpiece  la  literature  for  cblldren, 
but  a  work  of  no  slight  value  for  the  national  goo^L''— Scotsman. 

STORIES    OF   THE    ENGLISH 
FOR    SCHOOLS. 

By  R 

FOR  JUNIOR   SCHOLARS. 

Vol.  L— FROM  THE  COMING  OF  THE  ENGLISH  TO  THE  ARMADA.  —  Is.  6d. 

CONTENTS.— The  coming  of  the  White  Horse— The  coming  of  the  Cross— The  Fight 
with  the  Raven— Alfred  the  Great— Edward  the  Confessor— William  the  Conquerer— The 
Kings  of  the  Golden  Broom— Richard  Lion-Heart— King  John  and  Magna  Charta- Earl 
Simon  the  Righteous— Edwai-d  the  Englishman— Bannockbum  and  Berkeley— The  Lions 
and  the  Lilies— A  King  dethroned— Prince  Hal— King  Harry— The  Wars  of  the  Roses- 
Henry  VIII,  and  the  Revolt  from  Rome— Edward  VI.  and  Mary— Elizabeth,  the  Great 
Queen  :  (1)  English  Adventurers  and  the  Cruise  of  the  Pelican  ;  (2)  Mary,  Queen  of  Scots ; 
(3)  Papist  Plots  and  the  Massacre  of  Saint  Bartholomew ;  (4)  The  Armada. 

ILLUSTRATIONS.— Dover  Castle— The  Pharos,  Dover— Norsemen— Homes  of  our 
Ancestors— Chateau  Gaillard— Tomb  of  a  Crusader  (Gervase  Alard),  Winchelsea  Church- 
Carnarvon  Castle— Coronation  Chair,  Westminster  Abbey— Knights  of  the  Fourteenth 
Century— Edward  the  Third— The  Battle  of  Cressy— Tomb  of  Edward  the  Third,  West- 
minster Abbey— Tomb  of  the  Black  Prince,  Canterbury  Cathedral— Richard  II,  on  his 
voyage  to  Ireland— Jerusalem  Chamber,  Westminster  Abbey— Henry  V.  with  Military 
Attendants — Henry  V.  addressing  his  Army— Joan  of  Arc— The  Crowning  of  Henry  VII. 
on  Bosworth  Field— Henry  VIII.— Wolsey— Sir  Thomas  More  taking  leave  of  his  Daughter 
—Calais  during  the  Sixteenth  Century— Queen  Elizabeth— The  Armada— Drake— Mary, 
Queen  of  Scots— Drake  playing  Bowls  with  his  Captains— Sir  Walter  Raleigh. 

FOR   SENIOR   SCHOLARS. 
Vol.  II.— the  STRUGGLE  FOR  POWER  AND   GREATER   ENGLAND.— 1  s.  6d. 

CONTENTS.— The  First  of  the  Stuarts— The  Struggle  for  Power- The  Puritan  Tyranny 
—The  Second  Struggle  for  Power :  Charles  II,— The  Revolution— The  Fight  with  France : 
The  Dutch  King— Queen  Anne  and  Marlborough— Greater  England— The  Story  of  Anson— 
The  Story  of  Wolfe— The  Story  of  Captain  Cook— The  Story  of  Glive— The  War  of  American 
Independence— The  great  French  War— The  Story  of  Nelson— The  Story  of  the  Great  Duke 
—The  End  of  the  Stories. 

ILLUSTRATIONS.— JsLUxea  I.— Bacon— Charles  L— A  Cavalier— Oliver  Cromwell— The 
Great  Fire  of  London— The  Seven  Bishops  going  to  the  Tower— Landing  of  William  of 
Orange  in  England— Marlborough— Gibraltar— Chatham— Fight  between  the  Centurion  and 
the  Manila  Ship— (Jeneral  Wolfe— The  Death  of  Captain  Cook— Washington  — Pitt^ 
Napoleon  Bonaparte— Nelson— H. M.S.  Victory,  Portsmouth  Harbour— Duke  of  Wellington 
—Napoleon  on  board  the  BeUerophon. 

Molra  O'Neill,  Author  of '  Songs  of  the  Glen  of  Antrim,'  writing  to  Mr  Blackwood, 
Bays :  "  F.'s  '  Stories  of  the  English '  was  written  for  my  little  daughter  Susan.  The 
child  is  quite  fascinated  by  it,  but  equally  so  are  all  the  grown-up  fiends  to  whom 
I  have  shown  it,  I  lent  it  once  to  a  Bailor  uncle,  and  he  sat  up  to  aU  hours  of  that 
mght  with  it,  and  afterwards  told  me  that  he  could  hardly  believe  that  such  an 
account  of  Nelson's  great  battles  had  been  written  by  a  woman,  because  it  was 
technically  accurate.  And  a  Boldier  friend  and  critic  used  almost  the  same  worda 
about  the  account  of  Marlborough's  campaigns.  ¥.  is  the  most  patient  and  faithful 
student  of  history  that  I  know.  She  has  such  a  strong  literary  sense  that  she  simply 
could  not  write  an^hin^;  except  in  a  literary  form,  and  combined  with  it  she  has 
that  raxe  thing,  a  judicial  mind.  This,  I  think,  gives  her  work  a  quite  peculiar 
value." 
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Standard  Readers. 

Revised  Edition.  With  Supplementary  Pages,  consisting  of  "Spelling 
Lists,"  ''Word-Building,"  "Prefixes  and  Suffixes,"  &c.  Profusely  Illus. 
trated  with  Superior  Engravings. 

BOOK     I.    40  Lessons  -  .r  .  8d. 


BOOK  II. 
BOOK  III. 
BOOK  IV. 
BOOK  V. 
BOOK  VI. 


40  Lessons 
60  Lessons 
60  Lessons 
60  Lessons 
60  Lessons 


9d. 
Is.  Od. 
Is.  3d. 
Is.  4d. 
Is.  6d. 

.Children  will  be 


Schoolmaster.— "We  strongly  recommend  these  books, 
sure  to  like  them;  the  matter  is  extremely  suitable  and  interesting,  the  prmt 
very  distinct,  and  the  paper  a  pleasure  to  feel." 


Infant  Series. 


Sewed,  2d. ;  cloth,  3d. 
Sewed,  2d. ;  cloth,  3d. 


FIRST  PICTURE  PRIMER. 
SECOND  PICTURE  PRIMER  . 
PICTURE  READING  SHEETS. 

IST  Skbibs.    I    2nd  Skribs. 
Each  containing  16  sheets,  unmounted,  3s.  6d.     Mounted  on  8  boards, 
with  cloth  border,  price  14s.;  varnished,  3s.  6d.  per  set  extra. 

Or  the  16  sheets  laid  on  linen,  varnished,  and  mounted  on  a  roller, 
17s.  6d. 

THE    INFANT    PICTURE     REA.DER.      With    numerous    Illustrations. 
Cloth,  limp,  6d. 
Educational  News.— "Teachers  will  find  these  Primers  a  useful  introduction 
to  the  art  of  reading.     We  consider  them  well  adapted  to  their  purpose." 

Qeo^^raphical  Readers. 

With  numerous  Maps,  Diagrams,  and  Illustrations. 

GEOGRAPHICAL  PRIMER.     (For  Stand.  I.)   96  pp. 
(For  Stand.     IL)    96  pp. 


BOOK  L 
BOOK  II. 
BOOK  IIL 
BOOK  IV. 
BOOK  V. 
BOOK   VI. 


(For  Stand.  III.)  156  pp. 
(For  Stand.  IV.)  192  pp. 
(For  Stand.  V.)  266  pp. 
(For  Stand.  VI.)  256  pp. 
(For  Stand-  VII.)  256  pp. 


9d. 

9d. 
Is.  Od. 
Is.  8d. 
Is.  6d. 
Is.  6d. 
Is.  9d. 


Schoolmaster.  —  "  This  is  a  really  excellent  series  of  Geographical  Readers. 
The  volumes  have,  in  common,  the  attractiveness  which  good  paper,  clear  type, 
effective  woodcuts,  and  durable  binding  can  present ;  whilst  their  contents,  both 
aA  to  quality  and  quantity,  are  so  graded  as  to  be  admirably  adapted  to  the 
several  stages  of  the  pupil's  progress." 


Historical  Readers. 

With  numerous  Portraits,  Maps,  and  other  Illustrations. 

SHORT     STORIES     FROM     ENGLISH 

HISTORY 160  pp.  is.Od. 

FIRST       HISTORICAL  READER  .  .160  pp.  Is.  Od. 

SECOND  HISTORICAL  READER        .  .  .    224  pp.  Is  4d. 

THIRD      HISTORICAL  READER        .  .  .256  pp.  Is.  6d. 

Schoolmaster.— •*  These  new  Historical  Readers  have  been  carefully  compiled. 
The  facts  are  well  selected;  the  story  is  well  told  in  language  most  likely  to 
impress  itself  m  the  memory  of  young  children ;  and  the  poetical  pieces  are 
fitting  accompaniments  to  the  prose." 

School  Board  Chronicle.— "The  treatment  is  unconventional,  but  always 
m  good  taste.      The  volumes  will  meet  with  much  favour  generallv  as  lively 
useful,  high-toned  Historical  Readers."  ' 

Standard  Authors. 

Adapted  for  Schools. 

HAWTHORNE'S  TANGLEWOOD  TALES.     With  Notes  and  Illustra- 
tions.   160  pp.    Is.  2d. 

Aytoun's  Lays  of  the  Scottish  Cavaliers. 

With  Introduction,  Notes,  and  Life  of  the  Author,  for  Junior  Classes. 

EDINBURGH  AFTER  FLODDEN        .  32  pages,  2d. ;  cloth,  Sid. 

THE  EXECUTION  OF  MONTROSE    .  32  pages,  2d.  ;  cloth,  S^d. 

THE  BURIAL-MARCH  OF  DUNDEE  32  pages,  2d. ;  cloth,  3id. 

THE  ISLAND  OF  THE  SCOTS    .        .  32  pages,  2d.  ;  cloth,  3id. 

Teachers'    Aid, —  "  Capital    annotated    editions Beautifully   clear   and 

pamstaking;  we  commend  them  heartily  to  our  brother  and  sister  teachers." 

Educational  News.— "  Useful  issues  of  well-known  poems.  The  notes 
are  exceedingly  appropriate,  and  leave  nothing  in  doubt.  For  class  purposes 
we  can  specially  recommend  these  little  books." 


School  Recitation  Books. 


BOOK  L 
BOOK  II. 
BOOK  IIL 
BOOK  IV. 
BOOK  V. 
BOOK   VI. 


32  pages 
32  pages 
48  pages 
48  pages 
64  pages 
64  pages 


2d. 
2d. 
3d. 
3d. 
4d. 
4d. 

valuable  contribution  to  school 


Schoolmistress.— '•  These  six  books  are  «  .».«»v,xc  wuunuuwuu  w  scaooi 
hterature.  The  poems  for  each  standard  are  judiciously  chosen,  the  explanatory 
notes  and  questions  at  the  end  of  every  lesson  are  very  suitable." 
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Qrammar  and  Analysis. 


ftiiO    vf»-iH,T^PtH 


BOOK  II. 
BOOK  III. 
BOOK  IV. 
BOOK  V. 
BOOK  VI. 
BOOK  VII. 


24  pages 
24  pages 
48  pages 
64  pages 
64  pages 
64  pages 


Paper,  l^d. ;  cloth,  2^(1. 
Paper,  l^d. ;  cloth,  ^d. 
Paper,  2d. ;    cloth,  3d. 
Paper,  3d.  ;    cloth,  4d. 
Paper,  3d. ;    cloth,  4d. 
Paper,  3d. ;  •  cloth,  4d. 


Schoolmaater.— "This  is  a  series  of  good  practical  books  whose  merits  ought 
to  ensure  for  them  a  wide  sale.  Among  their  leading  merits  are  simplicity  in 
definitions,  judicious  recapitulation,  and  abundance  of  well-selected  exercises 
for  practice." 

Teachers'  Aid.-" For  thoroughness,  method,  style,  and  high- class  work 

commend   us  to  these  little  text-books A  practical  hand   has   impressed 

every  Une  with  individuaUty We  are  determined  to  use  them  in  our  own 

department." 


BOOK 
BOOK 
BOOK 
BOOK 
BOOK 
BOOK 


I. 

II. 

m. 

IV. 

V. 

VL 


BOOK  vn. 


*  * 


Arithmetical  Exercises. 

.  Paper,  l^d. ;  cloth,  2id. 
.  Paper,  l^d. ;  cloth,  2^ 
.  Paper,  2d. ;  cloth,  3d. 
.  Paper,  2d.  ;  cloth,  3d. 
.  Paper,  2d.  ;  cloth,  3d. 
.  Paper,  2d. ;  cloth,  3d. 
.  Paper,  3d.  ;  cloth,  4d. 
HIGHER  ARITHMETIC  for  Ex-Standard  and  Continua- 
tion Classes.    128  pp.  .           .  Paper,  6d. ;    cloth,  8d. 

AUSWERS  may  be  had  separately,  and  are  supplied  direct 

to  Teachers  only. 

Schoolmaster  —"We  can  speak  in  terms  of  high  praise  respecting  this  series 
of^l^thScaT'Exercises.     'Siey  have  been  «-efully  constructed      They  a.e 

well  graduated,  and  contain  a  large  and  varied  coUection  of  examples We 

can  recommend  the  series  to  our  readers." 

Schoolmistress,-"  Large  quantity,  excellent  quality,  great  variety  and  good 
armigement  are  the  characteristics  of  this  set  of  Arithmetical  Exercises. 

Elementary  Grammar  and  Composition. 

Based  on  the  Analysis  op  Sbntencks.    With  a  Chapter  on  Wom-Buildino 
and  Dbbivation,  and  containing  numerous  Exercises.     New  Edition,    is. 
R/»yioolmaster  —"A  very  valuable  book.    It  is  constructive  as  well  as  analytic, 
and  w^-pUnned  exercises  have  been  framed  to  teach  the  young  student  how  to 

Se  the  elements  of  his  jnother-tongue A  junior  text-book  that  is  calculated 

to  yield  most  satisfactory  results." 

Edncational  Times.-"  The  plan  ought  to  work  well A  decided  advance 

from  the  old-fashioned  practice  of  teaching." 


Grammar  and  Analysis. 

Scotch  Code. 


STANDARD  IL 
STANDARD  III. 
STANDARD  IV. 
STANDARD  V. 
STANDARD   VI. 


24  pages.  Paper,  l^d. ;  cloth,  2^. 

32  pages.  Paper,  l^d. ;  cloth,  2^d. 

56  pages.  Paper,  2^  ;  cloth,  3id. 

56  pages.  Paper,  24d.  ;  cloth,  3^ 

64  pages.  Paper,  3d.  ;    cloth,  4d. 


Teachers'  Aid.—"  These  are  thoughtfully  written  and  very  practically  con- 
ceived little  helps They  are  most  exhaustive,  and  brimming  with  examples." 


New  Arithmetical  Exercises. 


Scotch  Code. 


STANDARD  I. 
STANDARD  II. 
STANDARD  III. 
STANDARD  IV. 
STANDARD  V. 
STANDARD   VI. 


32  pages 
32  pages 
56  pages 
64  pages 
80  pages 
80  pages 


Paper,  l^d. ;  cloth,  2^. 
Paper,  1^. ;  cloth,  2^. 
Paper,  2d.  ;    cloth,  3d. 
Paper,  3d. ;    cloth,  4d. 
Paper,  4d. ;    cloth,  6d. 
Paper,  4d. ;    cloth,  6d. 


HIGHER  ARITHMETIC  for  Ex-Standard  and  Continua- 
tion Classes         128  pages      .       Paper,  6d.  ;    cloth,  8d. 

*»*  ANSWERS  may  be  had  separately,  and  are  supplied  direct 

to  Teachers  only. 

Edncational  News.— "The  gradation  of  the  exercises  is  perfect,"  and  the 
examples,  which  are  very  numerous,  are  of  every  conceivable  variety.  There  is 
ample  choice  for  the  teacher  under  every  head.  We  recommend  the  series  as 
excellent  School  Arithmetics." 

Merit  Certificate  Arithmetic. 

96  pp.     Paper  cover,  6d. ;  cloth,  86.,X 

Mensuration. 


128  pp.,  cloth.  Is.  Also  in  Two  Parts.  Pt.  I.,  Parallelograms  and 
Triangles.  64  pp.  Paper,  4d. ;  cloth,  6d.  Pt.  II.,  Circles  and  Solids. 
64  pp.  Paper,  4d. ;  cloth,  6d.  Answers  may  he  had  separately,  price 
2d.  each  Part.    'S.lJ 

Educational  Times. — "The  explanations  are  always  clear  and  to  the  point, 
while  the  exercises  are  so  exceptionally  numerous  that  a  wide  selection  is 
ofiTered  to  the  students  who  make  use  of  the  book."  »9J;:  r. 

A  First  Book  on  Physical  Geography. 

For  Use  in  Schools.     64  pp.     4d. 
Jonmal  of  Education.— "  This  is  a  capital  little  book,  describing  shortly 
and  clearly  the  geographical  phenomena  of  nature."  u.^^uxv^  .- 
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Manual   Instruction— Woodwork.     Designed  to  meet  the 

RaQUMMENTS    OF    THE    MUTOTE    OF    THE   SCIENCE^D    ART    DEPARTMENT 

^5^AL  INSTRUCTION.      By  GEORGE  ST   JOHN    Undenommational 
School,  Handsirorth.  Birmingham.    With  100  Illustrations.    Is. 

Blackwoods'  Simplex  Civil  Service  Copy  Books. 

By  John  T.  Pbarcb,  B.A.,  Leith  Academy.    Price  2d.  each. 

CONTENTS    OF    THE    SERIES. 
No.  1.  Elements,  Short  Letters,  Words, 
„    2.  Long  Letters,  Easy  Words. 

3.  Capitals,  Half-line  Words. 

4.  Text,  Donble  Ruling,  Sentences. 

5.  Half -Text,  Sentences,  Figures. 

6.  Intermediate,  Transcription,  &c. 

7.  Small  Hand,  Double  Ruling. 
„    8.  Small  Hand,  Single  Ruling. 

The  Headlines  are  graduated,  up-to-date,  and  attractwe. 

Blackwoods'  Universal  Writing  Books. 

R»v«  been  deaiened  to  accompany  the  above  series,  and  teachers  will  find  it 

^*  ad^?age3to  use  them  a^  Dictation  Copies,  because  by  them  the  le^er 

is  Ct  continually  writing  at  the  correct  slope^c.     No  1.  is  adapted  for 

LowiR  CLASSB8,  No.  2  for  Higher  Classes.    Pnce  2d.  each. 

Practical  Teacher.-"  Our  readers  would  do  well  to  write  for  a  specimen  of 

thiTbS^    andT  the  blank  exercise-books  ruled  on  the  same  prmciple.     They 

are  worth  careful  attention."  i.^  *~^ir^  tii^ii.  -nnnils  to 

School  World.-' 'Those  teachers  who  are  anxious  to  tram  feir  pupils  to 
WT^^  the  style  associated  with  Civil  Service  Competitions  should  find  the 
Z^.Z^'AT^ymTes^ce  very  usefol.  .  The  writing  is  cert  an.  l^s^^^^^^^^^ 
it  mav    in  fact  be  reduced  to  four  elements,  m  which  the  pupil  is  ngorousiy 
exe^cTsed  Jtfe  e^^^^^^^         before  proceeding  in  later  numbers  to  continuous 

"^^ihpolmaster.-"  Those  of  our  readers  in  search  of  new  books  should  see 

*^ Journal  of  Edncation.-"  Aids  the  eye  and  ^  guides  the  hand,  and  thus 
checkmates  any  bias  towards  error  in  the  slope. 


UNIVERSITY    CALENDARS. 

St  Andrews  University  Calendar. 

Printed  and  Published  for  the  Senatus  Academicus.    Crown  8vo,  2s.  6d.  net. 

St  Andrews  University  L.L.A.  Calendar. 

Printed  and  Published  for  the  Senatus  Academicus.     Crown  8vo,  Is. 
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In  this  second  volume  I  have  carried  out  the  programme 
which  I  put  forward  in  the  preface  to  the  first  volume,  thus 
finishing  the  first  portion  of  my  undertaking — The  History 
of  Scientific  Thought  in  the  Nineteenth  Century.  The 
two  volumes  form  a  work  complete  in  itself,  and  for  this 
reason  I  have  attached  an  alphabetical  index. 

In  addition  to  the  names  I  mentioned  in  the  preface  to 

the  first  volume,  I   have   to   add   those   of  other   friends 

who  have    been  of    great    help  to  me  in   the  course   of 

my  work.      With   Professor   Sampson,  F.E.S.,  of  Durham 

University,  I  have  had  many  helpful  discussions  on  the 

subjects    of    this    volume,  notably   on    chapters    viii.    and 

xiii.,  which  he  read  in  proof.      Mr  Arthur  Berry,  M.A., 

of    King's    College,    Cambridge,    has    read    over    chapter 

xiii.,  and   made  valuable   suggestions.      Mr  Archibald   S. 

Percival,    M.B.,    of    Cambridge,    has    read    over    chapters 

vi.  and    x.      Professor    F.    G.    Weiss,   D.Sc,    of    Victoria 

University,  has  read  chapters  viii.  and  ix.     Mr  Thomas 

Whittaker  has  continued  his  revision,  much  to  the  benefit 

of  the  book ;  and  Dr  Spence  Watson  has  given  the  finishing 
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touches  to  the  last  pages,  in  which  I  endeavour  to  secure 
in  advance  the  interest  of  my  readers  for  the  subsequent 
portions  of  this  work.  To  all  these  friends  I  wish  to 
express  my  sense  of  obligation  and  my  sincere  thanks. 
I  find  it  impossible  to  express  how  much  this  book  owes 
to  my  beloved  wife,  my  constant  helpmate  on  the  long 
course  of  this  arduous  enterprise. 

It  is  unnecessary  for  me  to  lighten  the  work  of  my 
critics  by  pointing  out  the  many  defects  of  which  I  myself 
am  painfully  conscious ;  but,  in  the  case  of  the  last  chapter 
on  "The  Development  of  Mathematical  Thought,"  I  wish 
to  say  that  this  is — so  far  as  I  know — the  first  attempt 
to  give  to  this  abstract  region  of  thought  a  place  in  a 
general  history  of  intellectual  progress.  I  sincerely  hope 
that  it  will  be  followed  by  other  and  more  successful 
attempts  to  perform  this  very  difficult  task.  It  is  now 
abundantly  clear  that  mathematical  thought  will  play  an 
increasingly  important  part  in  the  progress  of  science  and 
culture,  and  it  is  no  longer  permissible  to  consider  it  merely 
an  interesting  specialty  apart  from  the  general  course  of 
intellectual  development.  A  due  appreciation  of  its  im- 
portance and  power  will  in  future  be  expected,  not  only 
from  the  practical  thinker  who  applies  science,  but  likewise 
from  the  philosopher  who  assigns  to  science  its  place  in 
the  comprehensive  scheme  of  human  culture. 


J.  THEO.  MERZ. 


Thb  Quarries, 
Nbwcastle-upon-Tyne,  October  1903. 


CONTENTS  OF  THE  SECOND  VOLUME. 


CHAPTER    VI. 


ON  THE    KINETIC   OR   MECHANICAL   VIEW   OF   NATURE. 


The  idea  of  motion  in  ancient  philosophy,  3 ;  Descartes'  development  of  the 
kinetic  view,  6  ;  Huygeus  and  Newton,  7  ;  Revival  of  the  kinetic  view 
in  the  nineteenth  century,  7 ;  Young  and  Fresnel,  8  ;  Undulatory  and 
emission  theories,  11  ;  Both  theories  kinetic,  11  ;  Undulatory  theory 
prepared  by  acoustics,  12 ;  Newton's  authority  on  the  side  of  the  emission 
theory,  14  ;  But  also  suggests  the  other  theory,  15  ;  Biot,  Brewster, 
and  Laplace  against  the  undulatory  theory,  1 6 ;  Euler,  the  successor  of 
Huygens,  16;  Young,  16;  His  "general  law  of  the  interference  of 
light,"  18  ;  Theory  of  the  luminiferous  ether,  18  ;  Brougham's  attack  on 
Young,  19  ;  Augustin  Fresnel,  21  ;  Difficulties  presented  by  the  polar- 
isation of  light,  22  ;  Fresnel's  Memoir  on  Diffraction,  25  ;  Young  and 
Fresnel  introduce  the  conception  of  transverse  vibrations,  28  ;  Mechani- 
cal difference  between  light  and  sound,  30  ;  The  properties  of  the  ether, 
31  ;  Other  kinetic  theories,  34  ;  Kinetic  theory  of  gases,  34  ;  Vortex 
motion,  35  ;  Faraday's  researches,  35  ;  Problems  as  to  the  nature  of  the 
ether,  36  ;  The  theory  of  elasticity,  40  ;  The  problem  of  the  ether  may 
be  treated  mathematically,  44  ;  or  experimentally,  44  ;  Necessity  of 
combining  the  two  methods,  44 ;  Spectrum  analysis,  45 ;  The  clue 
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CHAPTER   VI. 


ON   THE    KINETIC    OR    xMECHANICAL    VIEW    OF    NATUEE. 


It  was  a  favourite  idea  with  the  philosophers  of  antiquity       .1. 
that  everything  is  in  motion,  that  rest  is   to  be  found  ^notiontif 

.  11,  ancient 

nowhere  in  nature,  and  that  the  entire  process  of  life  and  P^^'osop^y- 
sensation  in  particular  is  brought  about  by  the  communi- 
cation and  transference  of  minute  movements  of  a  purely 
mechanical  kind.  Out  of  the  deep  conviction  that  every- 
thing around  us  and  in  us  is  in  a  perpetual  flux — a  doc- 
trine which  is  usually  fathered  upon  Heraclitus  of  Ephe- 
sus  ^ — two  distinct  problems  resulted,  and  occupied  the 
thinkers  of  antiquity:  the  problem  of  explaining  the 
apparent  rest  and  permanency  of  many  observable  pheno- 


^  The  doctrine  of  Heraclitus  (b.c. 
500)  is  placed  by  Zeller  ('Philo- 
sophie  der  Griechen,'  vol.  i.)  in 
direct  opposition  to  that  of  the 
Eleatic  School  (Parmenides,  Zeno) 
and  of  Pythagoras.  The  Eleatics 
argued  from  the  unity  of  all  exist- 
ence to  the  impossibility  of  the  mul- 
tiplicity and  the  change  of  things. 
Heraclitus  sets  out  from  the  concep- 
tion that  everything  is  in  continual 
•notion  and  Q.o\y{Ktv€7(Tdai,  iv  Kivricm 
**«'«*)•  Our  knowledge  of  Herac- 
litus is  derived  mainly  from  refer- 
ences in  the  writings  of  Plato  and 
Aristotle.      A  very  full  account  is 


given  by  Zeller,  and  by  E.  Pfleiderer 
( '  Die  Philosophic  des  Heraklit  von 
Ephesus,'  Berlin,  1886),  who  sums 
up  the  fundamental  idea  in  the 
beautiful  verses  of  Goethe  (Gedichte 
"EinsundAlles":— 

"  Und  umzuschaffen  das  Geschaffne 
Damit  sich's  iiiclit  zum  Starren  waffne 
Wirkt  ewiges,  lebendiges  Thun.  ' 

Und  was  iiicht  war,  nun  will  es  warden 
Zu  reinen  Sonnen,  farbigen  Erden  ' 

In  keinem  Falle  darf  es  ruhn, 

Es  soil  sich  regen,  schaffend  handeln, 
Erst  sich  gestalten,  dann  verwandlen  • 
Nur  scheinbar  steht's  Momente  still.   ' 
Das  Ewige  regt  sich  fort  in  Allen  : 
Denn  AUes  muss  in  Nichts  zerfallen 
Wenu  es  im  Sein  beharren  will."      ' 
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mena  and  properties  of  natural  objects,  and  the  higher 
ethical  problem  of  fixing  upon  that  which  is  lastingly 
real  and  important  in  the  continuous  change  of  sensation 
and  opinion.  The  latter  formed  the  central  interest  of 
that  course  of  reasoning  which  began  with  Socrates  and 
culminated  in  Plato  and  Aristotle ;  the  former  was  the 
problem  of  natural  philosophy  of  which  Epicurus  and 
Lucretius  stand  out  as  the  great  representatives.  In 
a  well-known  passage  of  the  second  book  of  his  great 
poem,  Lucretius  explains  the  apparent  rest  of  natural 
things  by  the  simile  of  a  flock  of  lustily  dancing  sheep, 
which  at  a  distance  looks  like  a  white  spot  on  a  green 
hillside.^  This  tendency  of  philosophic  reasoning  to  see 
motion  where  common-sense  only  sees  rest,  to  reduce 
theoretically  the  apparently  permanent  properties  of 
things  to  a  play  of  intricate  but  imperceptible  modes 
of  motion,  has  governed  still  ^lore  markedly  modern 
scientific  thought.  I  shall  comprise  all  efforts  to  give 
more    definite^  expression   to   this    general   idea   under 


1  ♦  De  Natura  Rerum,'  ii.  308— 

"lUud  in  his  rebus  non   est  mirabile, 

quare, 
Omnia  cum  rerum  priinordia  sint  in  motu, 
Summa   tamen    summa    videatur   stare 

quiete, 
Prseterquara  siquid  proprio  dat  corpore 

mot  us. 
Omnis  enim   longe  nostris  ab  sensibus 

infra 
Primorum  natura  jacet ;  quapropter,  ubi 

ipsa 
Cernere  jam  nequeas,  motus  quoque  sur- 

pere  debent ; 
Prsbsertini  cum,  quae  possimus  cernere, 

celent 
Sjepe  tamen    motus    spatio  diducta  lo- 

corum. 
Nam  saepe  in  colli  tondentes  pabula  l»ta 
T^aniger*  reptant  pecudes  quo  quanique 

vocantes 
Invitant  herbie  gemmantes  rore  recenti, 
Et  satiati  agui  ludunt  blandeque  corns- 
cant  ; 


Omnia  quae  nobis  longe  confusa  \identur 
Et   velut   in   viridi    candor    consistere 
colli." 

2  This  more  definite  expression  is 
entirely  a  question  of  mathematics. 
It  is  interesting  to  note  how  Le 
Sage,  in  his  '  Lucrece  Neutonieu' 
(Berlin  Acad.,  1782),  "argues  that 
if  Epicurus  had  had  but  a  part  of 
the  geometrical  knowledge  of  his 
contemporary  Euclid,  and  concep- 
tions of  cosmography  the  same  as 
those  of  many  then  living,  he  might 
have  discovered  the  laws  of  uni- 
versal gravity,  and  not  only  the 
laws,  but,  what  was  the  despair  of 
Newton,  its  mechanical  cause 
(Munro,  '  Lucretius,'  vol.  ii.  p.  13.^)- 
Lionardo  da  Vinci  (1452-1519)  says  : 
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the  name  of  the  kinetic  ^  theory  or  view  of  nature. 
It  has  frequently  been  placed  in  opposition  to  the  atomic 
theory,  and  the  iiistory  of  the  natural  philosophy  of  the 
earlier  ages,  doWn  to  Xewton,  has  in  recent  years  been 
written  from  this  point  of  view.^  If  everything*  is 
motion,  there  must  still  be  something  that  moves,  and 
the  question  arises,  What  is  it  that  moves?  The 
system  of  Epicurus,  and  the  great  poem  in  which  it  has 
found  a  classical  expression,  are  really  more  occupied  with 
describing  the  final  elements  of  matter — the  so-called 
nature  of  things — than  with  studying  the  different  modes 
of  their  motion.  In  the  atomic  theory,  in  the  conception 
of  an  infinite  number  of  moving  particles,  the  kinetic 
tendency  of  thought  repeatedly   found  both  in  ancient 


"  There  is  no  certainty  in  science 
where  some  mathematics  are  not 
applicable"  (quoted  by  Lasswitz, 
'Geschichte  der  Atomistik,'  1890, 
vol.  ii.  p.  11) ;  and  Leibniz,  in  a 
letter  to  Foucher  dated  1693,  con- 
demns his  earlier  tract  entitled 
'  Hypothesis  Physica'  as  a  '•  juvenile 
attempt  of  one  who  had  not  yet 
fathomed  mathematics "  (Ger- 
hardt's  edition  of  Leibniz's  '  Philo- 
sophische  Schriften,'  vol.  i.  p.  415). 
^  The  word  "  kinetic  "  seems  to 
have  been  introduced  into  scientific 
literature  by  Ampere,  who  uses  the 
term  "  cin^matique  "  to  denote  that 
portion  of  mechanics  where  ' '  les 
mouvements  sont'consideres  en  eux- 
memes,  tels  que  nous  les  observons 
dans  les  corps  qui  nous  environ- 
nent,  et  specialement  dans  les 
appareils  appeles  machines  "  ('  Essai 
sur  la  Philosophic  des  Sciences,' 
1834).  In  English  text-books  the 
term  kinematics,  following  Thom- 
son and  Tait  ('Natural  Philosophy,' 
Preface),  is  used  to  denote  what 
French  writers   call   "cinematique 


» 


pure,"  formerly  called  "  phoro- 
nomie,"  the  doctrine  of  the  purely 
geometrical  properties  of  motion, 
without  reference  to  the  cause  of 
motion  ;  the  consideration  of  the 
latter  being  the  special  study  of 
"kinetics,"  which,  together  with 
"  statics,"  is  comprised  in  the  term 
"dynamics."  The  acceptance  of 
the  word  "kinetic  "to  denote  the 
view  that  motion  is  at  the  bottom 
of  all  natural  processes  dates  prob- 
ably from  the  writings  of  Thomson 
(Lord  Kelvin),  Tait,  and  Clerk 
Maxwell,  who,  under  the  influence 
of  Newton  and  the  great  French 
school  of  Lagrange,  Ampere,  Poin- 
sot,  Poncelet,  and  others,  have  re- 
formed English,  and  subsequently 
also  German,  thought  and  nomen- 
clature in  these  subjects. 

2  I  refer  to  the  highly  interesting 
and  important  work  of  Professor 
Kurd  Lasswitz,  'Geschichte  der 
Atomistik  vom  Mittelalter  bis 
Newton,'  2  vols.,  Hamburg  and 
Leipzig,  1890. 
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2. 
Descartes' 
develop- 
ment of 
the  kinetic 
view. 


and  modern  times  a  convenient  resting-place;  but  the 
repose  which  it  afforded  has  never  been  long  enjoyed ; 
every  new  attempt  to  attach  permanent,  ultimate,  or 
intrinsic  properties  to  matter,  or  to  its  particles,  has  pro- 
voked the  desire  to  explain  these  properties  by  going  still 
farther  back,  and  to  see  in  them,  through  the  dissecting 
microscope  of  the  mind's  eye,  a  still  more  hidden  motion. 
Two  of  the  most  suggestive  ideas  by  which  physical 
science  has  benefited  in  the  nineteenth  century  are  the 
successful  explanation  of  the  dead  pressure  of  gases  by 
a  rapid  translational,  and  of  the  rigidity  of  solid  bodies 
by  a  rapid  rotational,  motion  of  matter.  The  second 
of  these  suorcpestions  is  far  from  being  exhausted  in  its 
capabilities ;  the  working  out  of  the  ultimate  problems 
which  it  suggests  will  be  one  of  the  principal  tasks  of 
the  coming  age. 

The  kinetic  view  of  nature,  however  useful  and  suggest- 
ive it  may  have  shown  itself  to  be  in  recent  times,  did  not 
yield  any  fruits  of  real  knowledge  either  in  the  hands  of 
the  ancients  or  even  in  those  of  the  first  great  philoso- 
pher of  modern  times,  in  those  of  Descartes.  Just  like 
attraction  and  atomism,  the  kinetic  theory  had  to  be 
worked  out  by  the  instruments  of  measurement  and  calcu- 
lation, by  the  exact  method,  before  it  led  to  any  actual 
results.  The  kinetic  view  of  nature  was  made  scientifi- 
cally possible  when  Newton,  in  the  First  Book  of  the 
*  Principia,'  laid  down  for  all  time  the  laws  of  motion. 
And  yet  we  can  hardly  say  that  Newton  himself  developed 
this  promising  vein  of  exploration  ;  for,  even  while  open- 
ing out  an  endless  vista  of  research,  he  also,  in  the  enun- 
ciation of  the  so-called  law  of  gravitation,  afforded  only 


one  of  those  convenient  resting-places,  those  preliminary 
or  provisional  bases  of  thought,  from  which  definite  prob- 
lems could  be  attacked  and  solved.  His  immediate 
influence  lay,  therefore,  rather  in  discountenancing  the 
attempts  towards  a  kinetic  view  of  nature,  which  belonged 
to  the  school  of  Descartes,  and  found  an  eminent  exponent 
in  Huygens  as  well  as  in  others  of  his  contemporaries  and  3. 
rivals ;  ^  in  fact,  he  launched  into  existence  what  I  have  ^^^  Newton, 
termed  the  astronomical  view  of  nature,  under  the  sway 
of  which  the  promising  beginnings  of  the  kinetic  view 
were  for  a  long  period  almost  forgotten,  but  which  has 
the  merit  of  having  built  up  the  most  perfect  of  all 
physical  sciences,  namely,  physical  astronomy. 

The  sporadic  beginnings  of  a  genuine  kinetic  view  of  ^^^r,^^  ^^ 
natural  phenomena,  after  having  been  cultivated  with  ^•?ew*'!^the 
more  or  less  success  by  Huygens  and  Euler,^  and  early  ?eStu'4?*^ 


^  Among  these,  of  whom  Lasswitz 
gives  an  exhaustive  account,  must 
be     mentioned     specially     Robert 
Hooke  (1635-1703).     "In  the  his- 
tory of  the  corpuscular  theory  Hooke 
represents   quite   an  original   idea, 
which  would  have  been  of  the  most 
far-reaching   importance   if   Hooke 
himself    had    got   beyond   a   mere 
sketch  to  an  exhaustive  theory,  or 
if    his    conceptions    had,    through 
Huygens'   principles   of    dynamics, 
been  domiciled   in    science.      The 
deviation     from     kinetic     theories 
caused    by     Newton's    discoveries 
brushed  away,   with  much   useless 
hyi)othetical       rubbish,       likewise 
Hooke's  more  valuable  and  legiti- 
mate   suggestions.      The    doctrine 
owing  to   which   we   place    Hooke 
between  Borelli  and  Huygens  is  his 
vibratory  theory  of  matter.     It  is 
given  in  various  writings,  but  most 
clearly  in  his  Lectures  '  De  Potentia 
Restitutiva,  or  of  Spring  explaining 


the  Power  of  Springing  Bodies,' 
London,  1678"  {op.  cit.,  vol.  ii.  p. 
329  sq.) 

2  Leonhard      Euler      (1707-83), 
one     of     the    greatest    analytical 
talents  of  all  times,  whose  writings 
contain  the   begiii^nings   of   a  very 
large  portion  of  subsequent  mathe- 
matical work  in  pure  and  applied 
science,    was    in    physics    a  great 
opponent   of  Newton's   philosophy 
as  it  was  then  generally  expounded 
on  the  continent  of  Europe.    There 
it     was    identified    in     mechanics 
with    the    theory   of    action   at   a 
distance,  and,   in  optics,  with  the 
corpuscular   theory   of   light.       To 
both     Euler    opposed     his     ether 
theory,  of  which  he  gave  a  popular 
account  in  his  celebrated  '  Lettres  a 
une  princesse  d'Allemagne  [Princess 
of    Anhalt  -  Dessau]   sur    quelques 
sujets  de  physique  et   de   philoso- 
phic' (Petersburg,  1768-72,  3  parts). 
He  had  given   a  scientific   exposi- 
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Young  and    in  the  nineteenth  century  by  Kumford  and  Young,  were 

Fr6sn6l 

united  into  a  consistent  physical  theory  by  Augustin 
Fresnel,  who  has  been  termed  the  Newton  of  optics,  and 
who  consistently,  and  all  but  completely,  worked  out  one 
great  example  of  this  kind  of  reasoning.  He  has  the 
glory  of  having  not  only  established  the  undulatory 
theory  of  light  on  a  firm  foundation,  but  still  more  of 
having  impressed  natural  philosophers  with  the  import- 
ance of  studying  the  laws  of  regular  vibratory  motion  and 
the  phenomena  of  periodicity  in  the  most  general  manner. 
His  work  was  carried  through,  as  was  that  of  Newton, 
by  a  combination  of  observation,  measurement,  and  calcu- 
lation ;  of  experimental  skill  with  mathematical  ability. 


tion  of  the  same  twenty-five  years 
before  in  his  Berlin  memoir,  **  Sur 
la  lumiere  et  les  couleurs"  (1745). 
Euler    was    as    much    opposed   to 
Descartes'    and   Leibniz's  views  as 
he  was  to   those   of   Newton,  and 
though  he  admits  having  forerun- 
ners,   he     hardly     refers     to     the 
principal  one,  viz.,  Huygens,  whose 
well  -  known      and      useful     prin- 
ciple   he    absolutely    ignores.      In 
fact,  in  spite  of  his  great  name  and 
reputation,  his  ideas  on  the  ether  as 
continuously  filling  space,  and  his 
attempts  to  explain  the  phenomena 
of    light,     heat,    magnetism,    and 
even  gravitation  by  means  of  this 
continuum  remained  isolated,  and 
had  hardly  any  influence  on  physi- 
cal science.     His  great  friend  and 
correspondent,    Daniel     Bernoulli, 
remained  a  firm  believer  in  action 
at   a  distance,  and   thought  Euler 
had   put   forward    his    hypotheses 
with   too  much   assurance.     It   is, 
nevertheless,       remarkable       how 
closely  the  terms  in  which  Euler,  in 
his   posthumous    work    'Anleitung 
zur    Naturlehre '    (edited    by    the 
Petersburg  Academy  in  the  second 


volume   of  the  * '  Opera  posthuma 
.  .  .  anno    1844    detecta,"   1862), 
describes  his  ether  as  continuously 
filling  empty  space  and  existing  in 
a   strained    {gewaltsam)    condition, 
agree  with  quite  modern  ideas  on 
the   subject.     Accordingly   Euler's 
ether   theory  has   in  recent  times 
been     studied     again     by     several 
writers  abroad,  of  whom  I  will  only 
mention    E.     Cherbuliez,     'Ueber 
einige       physikalische       Arbeiten 
Eulers'   (Bern,    1872);   F.    Rosen- 
berger,      *  Die      Geschichte      der 
Physik'  (vol.  ii.  1884,  p.  333  sqq.); 
C.     Isenkrahe   in   'Zeitschrift    fiir 
Mathematik  und  Physik  '  (Hist.  Lit. 
Abth.,   vol.   xxvi.)   and  ('Abhaud- 
lungen  zur  Geschichte  der  Mathe- 
matik,' vi. ;  and  E.   Miething,  '  L. 
Eulers  Lehre  vom  Aether '  (Berlin, 
1894).     The  first-mentioned  author 
tries  to  answer  the  question  why 
Euler's  ideas  remained  so  isolated. 
He  says  (p.   49):  "If  we  combine 
the  results  of  Huygens'  and  Euler's 
investigations,  we  see  that  in  the 
'fifties  of  the  eighteenth  century  tlie 
undulatory  system  formed  a  largely 
developed  scientific  doctrine.  .  .  • 


There  is  not,  indeed,  to  be  found  in  FresneFs  work  any 
central  and  simple  formula — like  the  gravitation  formula 
of  Newton — out  of  which  everything  else  flows  with 
mathematical  necessity.  His  work  lay  rather  in  combin- 
ing a  number  of  fruitful  suggestions  thrown  out  by 
contemporary  or  earlier  writers  into  a  consistent  whole, 
correcting  and  enlarging  them  as  was  found  necessary, 
and  following  them  out  into  their  logical  consequences. 
Thus  he  was  able  to  reveal  in  a  special  branch  of  physical 
science  new  phenomena  which  had  remained  unobserved 
or  unexplained  till  that  time.  In  order  to  understand 
how  the  kinetic  view  of  nature  has  become  firmly  estab- 
Hshed  in  the  minds  of  physicists  it  will  be  useful  to  enum- 


In  a  certain  sense  Euler  carried 
further  the  work  of  Huygens,  .  .  . 
but  as  he  neglected  the  useful  idea 
of  a  wave-surface  and  anxiously 
avoided  Huygens'  principle,  he 
made  the  theory  which  he  wished 
to  defend  unfruitful.  ...  We  think 
that  Euler  did  more  harm  than 
good  to  the  progress  of  that  theory. 
.  .  .  Euler's  theory  of  light  had  no 
great  number  of  followers."  In 
England  Euler's  theory  was  known 
and  generally  condemned.  Priest- 
ley,^ in  his  'History  of  Optics' 
(1772),  refers  to  it  at  some  length. 
In  the  well-known  attacks  in  which 
Lord  Brougham  treated  so  unfairly 
and  superficially  the  discoveries  of 
Dr  Young,  it  is  suggested  that  the 
latter  borrowed  his  ideas  from 
Euler,  whose  natural  philosophy  is 
held  in  little  esteem.  The  fact  is 
that  Young  really  went  back  to 
Huygens  and  Newton,  and  that  he 
well  knew  that  his  own  opinion, 
as  stated  in  the  first  Bakerian 
Lecture  (1802),  "was  precisely  the 
theory  of  Hooke  and  Huygens,  with 
the  adoption  of  some  suggestions 


made  by  Newton  himself  as  not  in 
themselves    improbable "    (Young's 
*  Miscellaneous  Works,'  ed.  Peacock, 
vol.   i.  p.    200).      In   spite   of   the 
great  admiration  which  Young  had 
for  Euler  as  a  mathematician,  he 
admits    that     Euler     "added     no 
argumentative  evidence  whatever  to 
the  [undulatory]    theory,  but   has 
done   a  real   injury   to   the   cause 
which  he  endeavoured  to  support " 
(*  Lectures  on  Natural  Philosophy,' 
ed.  Kelland,  vol.  i.  p.  380).    A  more 
recent  and  well-informed  writer  on 
this    subject,    M.   Verde t,   says  of 
Euler  :   "  Bien  qu'il  a  donne  de  la 
plupart  des  phenomenes  connus  de 
son  temps  les  explications  les  plus 
inexactes,  il  ne  merite  pas  moins  de 
conserver  dans  I'histoire  de  I'optique 
une  place  eminente  pour  avoir  dit 
d'une    maniere    expresse    que    lee 
ondulations  lumineuses  sont  period- 
iques  comme  les  vibrations  sonores, 
et  que  la  cause  des  differences  de 
coloration  est  au  fond  la  meme,  que 
la  cause  des  differences  de  tonalite  " 
('CEuvres   de   Fresuel,'   vol.    i.    p. 
xix). 
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erate  shortly  the  different  suggestions  which  Fresnel 
assimilated  and  worked  up  into  his  celebrated  physical 
theory  of  light. 

That  light  consisted  in  the  motion  of  something  was 
in  the  beginning  of  the  nineteenth  century  a  generally 
accepted  notion  among  natural  philosophers.  It  had 
been  so  ever  since  Olaus  Eomer  ^  in  the  seventeenth 
century,  from  the  observation  of  the  hitherto  unexplained 
delay  in  the  disappearance  of  Jupiter's  satellites  during 
eclipses,  had  inferred,  and  Bradley "  had  later  on  con- 


^  The  moons  of  Jupiter,  of  which 
two  are  visible  to  the  naked  eye, 
were  clearlv  seen  and  described  as 
one  of  the  first  discoveries  with  his 
telescope  by  Galileo  in  1610,  and 
published  in  his  '  Sidereus  Nuncius.' 
Owing  to  their  continual  and  rapid 
change  of  position  and  their  fre- 
quent eclipses,  they  were  very  soon 
consideretl  to  furnish  a  valuable 
means  of  determining  the  longi- 
tude at  sea,  and  were  repeatedly 
and  very  minutely  observed.  In 
the  course  of  such  observations  by 
Cassini  and  Romer  at  Paris,  the 
latter  found,  in  1675,  that  the  period 
of  occultation  of  the  nearest  moon 
varied.  This  variation  he  traced 
to  the  fact  that  the  earth  was 
moving  towards  or  away  from 
Jupiter.  If  light  takes  time  to 
travel,  the  visibility  of  the  pheno- 
menon is  necessarily  thus  antici- 
pated or  postponed.  This  was  the 
first  occasion  on  which  data  for  the 
calculation  of  the  velocity  of  light 
were  forthcoming ;  the  terrestrial 
experiments  of  Galileo  having  been 
inconclusive.  Romer's  explanation 
and  calculation  were  accepted  by 
most  astronomers  ;  they  were  con- 
firmed by 

^  the  phenomenon  of  aberration, 
discovered  by  Bradley.  It  is  ana- 
logous to  the  observation  we  can 


make  in  a  moving  railway  train 
if  it  rains  ;  the  drops  at  the  win- 
dow, though  they  be  descending 
perpendicularly,  yet  appearing  in 
a  slanting  direction,  in  propor- 
tion to  the  velocity  of  the  train. 
Both  phenomena  involve  the  mo- 
tion of  light  itself  and  the  motion 
of  the  observer,  who  receives  the 
luminous  impression  and  locates  it 
in  space  and  time.  The  priuciple 
involved  in  Romer's  discovery  was 
later  enunciated  by  Doppler,  who 
maintained  that  the  very  short 
periods  which  belong  to  different 
colours  of  the  spectrum,  according 
to  the  undulatory  theory,  must 
suffer  (like  the  longer  periods  in 
Romer's  occultations)  by  the  mo- 
tion of  the  luminous  object  or  of 
the  observer  in  the  line  of  sight.  Al- 
though this  theory  was  admitted 
in  acoustics,  it  took  some  time 
before  it  was  admitted  in  optics. 
Bolzano,  Professor  of  Religious  Phil- 
osophy and  a  colleague  of  Doppler 
at  Prague,  foretold  as  early  as  1^42 
the  great  utility  of  the  principle, 
and  wrote:  "I  foresee  with  con- 
fidence that  use  will  be  hereafter 
made  of  it  in  order  to  solve— by 
observing  the  changes  which  the 
colour  of  stars  undergoes  in  tmie 
—the  questions  whether  and  m 
which    direction    and    with    what 


firmed,  that  light  takes  time  to  travel  from  one  point 
in  space  to  another.     Wherever  time  is  involved  in  a 
phenomenon,    motion    of    something    is   suggested,    and 
this  something,   as  well   as  the    nature   of  its   motion, 
become  subjects  of  speculation.      At   the  beginning  of  ^^^^^.^^^^ 
the  nineteenth    century    two    distinct    theories    existed  l^^^^^^''^ 
regarding  these  matters.      Both   had  succeeded  in   ex- 
plaining and  calculating   satisfactorily  a  large   number 
of  the  phenomena  of  light  as  exhibited  by  mirrors  and 
lenses,  as  well  as  in  optical  instruments  and  crystals. 
One  of  these  theories,  the  so-called  emission,  emanation, 
or  corpuscular    theory    of    light,    held     that    luminous, 
bodies    send    out    minute    particles    which     travel    in 
straight  lines,  and,  impinging  upon  the  eye,  create  the 
sensation  of  light.      The  rival  hypothesis,    the   undul- 
atory  or   vibratory    theory,    held    light    to    consist    in 
the  periodic  wave-motion   of  a   substance   called  ether, 
which   was    supposed    to    exist    everywhere,    filling    all 
space  and  interpenetrating  all  ponderable  matter.     Both  ^^^^6. 
theories  are  kinetic  or  mechanical  theories,  and  for  their  theories 
development   require   the   analysis   of  certain   modes   of 
motion.      Both    had     to    formulate     their     respective 
notions  as  to  the  something  that  moved.     Both  could 
point  to  analogies  in  other  domains  of  natural  science. 
There   existed    at    that    time     similar    corpuscular    ex- 
planations   of    the    phenomena    of    heat,    of    electricity 


velocity  they  move,  how  distant 
they  are  from  us,  and  much  else 
besides,"  a  prediction  which,  since 
the  invention  of  spectrum  analysis 
and  various  controversies  connected 
with  the  subject,  has  been  brilliantly 
verified  by  the  discoveries   of   Sir 


William  Huggins  (1868),  Fox-Tal- 
bot,  and  others.  That  Doppler's 
principle  is  really  none  other  than 
Romer's  was  remarked  by  P.  G. 
Tait  in  'Light'  (2nd  ed.  p.  220). 
See  also  Rosenberger,  '  Gesch.  d. 
Physik,'  vol.  iii.  p.  708  sqq. 
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acoustics. 


and  of  macrnetism.  On  the  other  side  there  was  the 
highly  developed  theory  of  sound,  which  had  succeeded 
in  explaining  and  analysing  the  properties  of  soimd- 
ing  bodies  by  studying  experimentally  and  mathe- 
matically the  vibrations  of  sounding  strings,  membranes 
and  plates,  and  also  of  the  air  in  organ-pipes  and  other 
7.        musical  instruments.     Acoustics,  the   branch  of  science 

Undulatory 

theory         which  trcats  of  these  phenomena,  was,  next  to  physical 

prepared  by  ^  ^     " 

astronomy,  the  furthest  developed  and  best  founded  of 
the  physical  sciences.  By  following  up  the  elemen- 
tary and  primitive  experience,  known  already  to  the 
ancients,  that  sound  is  everywhere  to  be  traced  to  the 
vibrations  or  the  tremor  of  some  body  which  has  been 
struck  or  otherwise  excited,  a  very  complete  theory, 
substantiated  by  many  experiments,  had  been  built  up. 
Common-sense  and  everyday  experience  had  originally 
suggested  this  line  of  inquiry  and  explanation.^  No 
other  physical  science  was  so  early  in  possession  of  the 
right  road  of  inquiry.  In  astronomy  and  optics  the 
sutraestion  of  common-sense,  which  regards  the  earth 
as  stationary  and  light  as  an  emission  travelling  in 
straight  lines,  had  indeed  allowed  a  certain  amount  of 
definite  knowledge,  based   upon   measurement  and  cal- 

covery,  like  universal  gravitation,  or 
luminiferous  undulations,  we  take 
our  stand  upon  acknowledged  truths, 
the  production  and  propagation  of 
sound  by  the  motion  of  bodies 
and  of  air ;  and  we  connect  these 
with  other  truths,  the  laws  ot 
motion,  and  the  known  properties 
of  bodies,  as  for  instance  their 
elasticity.  Instead  of  epochs  o 
discovery,  we  have  solutions  ot 
problems." 


^  Acoustics  is  probably  the  only 
physical  science  where  this  has 
been  the  case  ;  as  is  %vell  re- 
marked by  Whewell  in  his  '  History 
of  the  Inductive  Sciences.'  He 
there  contrasts  acoustics  with  as- 
tronomy and  optics.  He  might 
have  added  dynamics,  where  Gal- 
ileo's principle  of  inertia  similarly 
reversed  the  dicta  of  common-sense. 
Whewell  says  (vol.  ii.  p.  237)  of 
acoustics  :  "  Instead  of  having  to 
travel  gradually  towards  a  great  dis- 


culation,  to  be  accumulated.  A  real  physical  theory, 
however,  was  impossible  until  the  notions  suggested 
by  common  -  sense  were  completely  reversed,  and  an 
ideal  construction  put  in  the  place  of  a  seemingly 
obvious  theory.  This  was  done  in  astronomy  at  one 
stroke  by  Copernicus ;  in  optics  only  gradually,  tenta- 
tively, and  hesitatingly.  The  purely  geometrical  rela- 
tions of  straight  lines,  which  light  seemed  to  resemble ; 
of  pencils  of  rays,  which  were  bent  back  or  altered  in 
their  direction  at  the  surface  of  plane  or  curved  mirrors 
and  of  transparent  bodies ;  seemed  to  flow  quite  easily 
and  naturally  when  in  the  seventeenth  century  the 
simple  law  of  refraction  had  been  added  to  that  of 
reflexion,  known  already  to  the  ancients.  The  sciences 
of  catoptrics  and  dioptrics,  with  their  application  to  the 
telescope  and  microscope,  were  thus  so  complete  and 
useful  that  to  many  it  must  have  seemed  difficult  and 
unnecessary  to  plunge   into   a  new  theory ;  ^    especially 


^  It  has  alwavs  been  the  aim  of 
"geometrical  optics"  to  free  itself 
from  every  hypothesis  on  the  physi- 
cal nature  of  light,  and  to  deduce 
properties  of  light  from  a  few  simple 
geometricalconstructions.  Precisely 
in  the  same  way  all  geometrical  and 
many  physical  properties  of  the 
stellar  system  can  be  deduced  from 
the  kinematical  formula  of  attrac- 
tion, without  discussing  the  nature 
ot'  gravitation.  This  desideratum 
—so  far  as  optics  is  concerned — 
was  before  the  mind  of  Sir  W.  R. 
Hamilton,  when,  during  the  years 
1S24-33,  he  discovered  and  elabor- 
ated the  theory  of  the  "  character- 
istic function,  by  the  help  of  which 
all  optical  problems,  whether  on  the 
corpuscular  or  on  the  undulatory 
theory,  are  solved  by  one  common 


process"  (Tait,  'Light,'  2nded.,  p. 
160).  Owing  to  the  difficulties 
which  have  more  and  more  pre- 
sented themselves  in  the  fundamen- 
tal conceptions  of  the  wave-theory 
and  the  vibrating  ether,  of  which 
we  shall  learn  more  in  the  sequel  of 
this  chapter,  the  desire  to  bring  the 
phenomena  of  refraction  under  a 
purely  geometrical  formula,  and  to 
emancipate  the  optics  of  crystals 
from  physical  hypotheses,  has  be- 
come very  pronounced.  Huygens' 
geometrical  construction  of  the 
ordinary  and  extraordinary  rays  in 
uniaxial  crystals  answered  well. 
For  biaxial  crystals  Fresnel  had  in- 
troduced the  wave-surface,  to  which 
corresponds  Hamilton's  character- 
istic function.  For  didactic  pur- 
poses, and  for  the  practical  applica- 


14 


SCIENTIFIC   THOUGHT. 


KINETIC   OR    MECHANICAL   VIEW    OF    NATUKE.       15 


as  that  theory  failed  for  a  long  time  to  explain  the 
apparently  fundamental  fact,  viz.,  that  light  travels  in  i 
straight  lines,  accompanied  by  well  -  marked  shadows. 
The  contrary  view,  according  to  which  light  is  a  tremor 
propagated  like  sound,  was  unable  to  explain  the  ex- 
istence of  clearly  marked  shadows.  And  so  it  came 
8.        about  that  Newton,  to  whom  both  theories  were  quite 

Newton's  -^ 

authority     familiar,  and  to  whom  we  owe  great  discoveries  telling 

on  the 

side  of  the    severally   in   favour  of   each   of   these   theories,  in  the 

emission  "^ 

theory,  ^^^  thrcw  the  Weight  of  his  authority  into  the  scale 
of  the  corpuscular  or  emission  theory.  For  many  this 
was  quite  sufficient  to  suppress  for  a  long  time  all 
claims  which  the  tremor  or  wave  theory  put  forward, 
the  fact  being  forgotten  or  overlooked  that  Newton 
himself  had  pronounced  the  pure  emission  theory  to 
be  insufficient,  and  had  modified  and  complicated  it  by 


tion  to  crystallography,  it  became  a 
desideratum  to  reach  the  geometri- 
cal conception  of  the  wave-surface 
by  purely  geometrical  methods. 
This  has  been  done  in  an  admir- 
able treatise  entitled  'The  Optical 
Indicatrix,'  by  Mr  L.  Fletcher.  He 
has  shown  that  the  construction  of 
the  ray,  a  conception  easily  defined 
geometrically,  gives  an  easier  ap- 
proach than  the  construction  of 
the  wave,  which  introduces  physi- 
cally doubtful  definitions ;  and 
he  demonstrates  how  ''  a  simple 
generalisation,  involving  no  refer- 
ence either  to  the  constitution 
of  the  luminiferous  ether  or  to 
the  nature  of  the  physical  change 
involved  in  the  transmission  of 
light,"  will  lead  to  the  ray  surface 
(p.  18).  For  his  purpose  he  starts 
from  a  surface  of  reference,  which 
in  singly  refractive  substance  is 
a   sphere,   in    uniaxial    crystals    a 


spheroid,  and  by  inference  iu  biaxial 
crystals  an  ellipsoid  with  three  un- 
equal axes.  This  beautiful  con- 
struction was  arrived  at,  as  the 
author  tells  us,  before  the  detailed 
history  of  Fresnel's  theory  had 
come  to  his  notice.  It  is  uuw 
known  through  Verdet,  one  of  the 
editors  of  Fresnel's  'Works'  (1868), 
that  Fresnel  arrived  at  his  wave- 
surface  by  a  purely  geometrical 
generalisation  of  Huygens'  con- 
struction, and  that  the  conception 
of  the  ether  was  subsequently 
fixed  so  as  to  allow  the  wave-surface 
to  be  deduced  therefrom  (p.  24); 
surely  an  interesting  case  in  the 
history  of  scientific  thought.  As 
to  the  insufficiency  of  purely  geo- 
metrical optics  for  explaining  the 
phenomena  connected  with  optical 
instruments,  see  Czapski,  'Theorie 
der  optischen  Instrumente,'  Bres- 
lau,  1893,  p.  2. 


suggesting  that  the  rays  of  light  were  possessed  of  fits  of 
easy  transmission  and  reflexion,  i.e.,  of  regular  periodic 
changes  which  could   be  measured  and  numbered.     To 
this  amplification    of    the  simple    geometrical  emission 
theory  Newton  was  driven  by  his  own  immortal  researches, 
which  revealed  the  wonderful  regularly  arranged  colours 
of  thin  plates  known  as   Newton's  rings.     In   reading, 
after  the  lapse  of  nearly  two  centuries,  the  reflections  of 
Xewton  on  the  nature  of  light,  reflections  which  he  never        9. 
gathered  up  into  a  compact  and  exhaustive  treatise,  as  he  suggesTs 
did  the  theory  of  gravitation,-^  we  recognise  that  he  had  theory, 
clearly  before  his  mind  the  two  fundamental  phenomena 
peculiar  to  light,  namely,  its  property  of   travelling  in 
straight  Hnes,  and  its  periodicity,  as  revealed  by  certain 
delicate  experiments   of  his   own.     Which    of  the    two 
theories  should  in  the  end  prevail  depended  on  the  more 
intimate  knowledge — to  be   gained  by  experiment  and 
calculation — of  the   two  kinds  of  motion  involved ;    of 
rectilinear  motion   of  particles  under   the  influence    of 
contending  forces,  and  of  the  more  complicated  periodic 
motion  peculiar  to  waves,  tremors,  or  oscillations.     The 
first  kind   of  motion,  being    more   easily    studied    and 
also  more  nearly  related   to    other    prevailing   studies, 
received   earlier   attention;     the    second —especially    so 


It  is  now  sufficiently  known 
and  recognised  that  Newton,  both 
'J  the  theory  of  gravitation  and 
watof  light  did  not  propose  to  do 
Jttore  than  give  a  preliminary  f  ormu- 
™on  which  was  applicable  as  a 
p  for  experiment  and  calculation. 
^^  further  speculations  are  con- 
«  mostly  in  the  well  -  known 
'Queries'  to  the  ' Opticks,'  which 


were  extended  in  later  editions,  and 
among  which,  "to  show  that"  he 
"did  not  take  gravity  for  an  essen- 
tial property  of  bodies,"  he  added 
one  question  concerning  its  cause, 
choosing  to  propose  it  by  way  of  a 
question,  because  "  he  was  not  yet 
satisfied  about  it  for  want  of  experi- 
ments "  (Advertisement  to  second 
edition,  1717). 
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Biot, 

Brewster, 
and  Laplace 
against  the 
undulatory 
theory. 


11. 

Buler  the 
saccessor 
of  Huygens. 


12. 


Touns 


far  as  the  mathematical  side  was  concerned  —  was 
studied  later.  The  former  theory  has  been  furthered 
more  by  the  ingenuity  of  physical  observers,  the 
latter  more  by  mathematical  reasoning  applied  to  the 
invention  of  crucial  experiments  which  pure  observa- 
tion would  probably  never  have  suggested.  Since  the 
time  of  Newton,  whose  name  has  been  used  in  a  one- 
sided way  to  discredit  the  vibratory  theory,  although, 
as  already  stated,  his  discoveries  contributed  equally  to 
the  formation  of  both  views,  the  development  of  the 
corpuscular  theory  owes  most  to  the  experimental 
labours  of  Biot  in  France  and  Brewster  in  this  countrv ; 
whilst  no  doubt  Laplace's  great  predilection  for  atomic 
and  astronomical  explanation  of  all  natural  phenomena 
gave  it  great  support  in  the  eyes  of  his  many  followers 
and  admirers.  The  vibratory  theory  was  first  made 
the  subject  of  detailed  study  by  Huygens,  Newton's 
contemporary  ;  it  was  accepted  on  purely  mathematical 
grounds  by  Euler ;  the  lines  of  reasoning  on  which  its 
ultimate  success  depended  were  elaborated  by  Lagrange's 
and  d'Alembert's  mathematical  study  of  vibrations  ;  but 
the  first  great  step  in  advance,  based  upon  experiment 
and  calculation  alike,  was  taken  by  Dr  Young,  who 
from  1793  onward  studied  the  subject,  and  who  in 
1801  published  his  'Principle  of  Interferences.'  Young 
was  led  to  his  reflections  on  the  phenomena  of  light  by 
an  inquiry  into  the  nature  of  sound,^  a  province  where 


^  In  his  '  Reply  to  the  Edinburgh 
Reviewers  '  (published  as  a  pam- 
phlet in  1804,  see  Works,  ed. 
Peacock,  vol.  i.  pp.  192-215),  Young 
gives  the  following  history  of  his 
speculations :    *'  When     I    took    a 


degree  in  physic  at  Gottingen,  it 
was  necessaiy,  besides  publishing  a 
medical  dissertation,  to  deliver  a 
lecture  upon  some  subject  connected 
with  medical  studies,  and  I  chose 
for  this  the  Formation  of  the  Humau 


the  theory  of  vibrations  had  already  achieved  so  much. 
He  was  thus  more  interested  in  the  physical  nature  than 
in  the  geometrical  properties  of  rays  of  light.  He  was 
impressed  by  the  analogies  which  exist  between  many 
phenomena  of  sound  and  light,  and  acquainted  with  the 
writings  of  the  Continental  mathematicians,  among  whom 
Euler  was  conspicuous  as  favouring  the  undulatory  or 
ether  theory  of  Huygens.  He  noticed  that  in  Newton's 
writings  were  to  be  found  the  germs  of  both  theories, 
also  that  the  arguments  by  which  Newton  convinced  him- 
self that  a  theory  of  undulations  could  not  explain  the 
rectilinear  propagation  of  light,  were  untenable.^  On  re- 
flecting in  May  1801  on  Newton's  beautiful  experiments. 


Voice.  .  .  .  When  I  began  the  out- 
line of  an  essay  on  the  human  voice, 
I  found  myself  at  a  loss  for  a  per- 
fect conception  of  what  sound  was, 
and  during  the  three  years  that  I 
passed  at  Emmanuel  College,  Cam- 
bridge, I  collected  all  the  informa- 
tion relating  to  it  that  I  could 
procure  from  books,  and  I  made  a 
variety  of  original  experiments  on 
sounds  of  all  kinds,  and  on  the 
motions  of  fluids  in  general.  In 
the  course  of  these  inquiries  I 
learned  to  my  surprise  how  much 
further  our  neighbours  on  the 
Continent  were  advanced  in  the 
investigation  of  the  motions  of 
sounding  bodies  and  of  elastic  fluids 
than  any  of  our  countrymen  ;  and 
in  making  some  experiments  on  the 
production  of  sounds,  I  was  so 
forcibly  impressed  with  the  resem- 
blance of  the  phenomena  that  I  saw 
to  those  of  the  colours  of  thin  plates, 
with  which  I  was  already  acquainted, 
that  I  began  to  suspect  the  exist- 
ence of  a  closer  analogy  between 
them  than  I  could  before  have 
easily  believed  "  (p.  199).     This  led 

VOL.  II. 


to  his  'Outlines  of  Experiments 
and  Inquiries  respecting  Sound  and 
Light '  (ibid.,  p.  64). 

^  Works,  vol.  i.  p.   200.     "New- 
ton's arguments   from  experiment 
appear   to  me   to  have  been  suffi- 
ciently obviated  by  what  Lambert 
has  advanced  in  the   'Memoirs  of 
Berlin.'  .  .   .  The  demonstration  is 
attempted  in  the  '  Principia ' :  to  me 
it   appears    to    be    defective.  .  .  . 
The    celebrated    Laplace,  in   com- 
paring    the     opinions     respecting 
light,    is    contented     to    call    the 
Newtonian   doctrine  a   hypothesis, 
which,  on  account  of  the  facility 
of  its  application  to  the  phenomena, 
is  extremely  probable.     If  he  had 
considered  the  undulatory  system 
as  demonstrably  absurd,  he  would 
not   have  expressed  himself  in  so 
undecided    a    manner.   .  .   .  Much 
as  I  venerate  the  name  of  Newton, 
I  am  not  therefore  obliged  to  be- 
lieve that  he  \\-as  infallible.     I  see 
." .  .   with  regret  that  he  was  liable 
to  err,  and  that  his  authority  has, 
perhaps,   sometimes  even   retarded 
the  progress  of  science,"  &c.,  &c. 
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13. 
His 

"general 
law  of  the 


he  "  discovered  a  law  which  appeared  to  account  for  a 
greater  variety  of  interesting  phenomena  than  any  other 
optical  principle  that  had  yet  been  made  known."  ^  This 
principle  he  familiarly  illustrated  by  the  well-known 
observation  that  two  series  of  waves  of  water  entering  a 
channel  reinforce  or  destroy  each  other  according  as  their 
elevations  coincide  or  alternate  in  time.  He  main- 
tained that  similar  effects  take  place  whenever  two 
portions  of  light  are  thus  mixed,  and  this  he  called 
"  the  general  law  of  the  interference  of  light."  He 
iTiT^hr"*^^  showed  ■'  "  that  this  law  agrees  most  accurately  with 
the  measures  recorded  in  Newton's  '  Opticks/  relative  to 
the  colours  of  transparent  substances,  and  with  a  great 
diversity  of  other  experiments  never  before  explained."  ^ 
In  three  papers  Young  entered  '•'  minutely  into  the  con- 
sequences of  the  law  of  the  interference  of  light." 
Especially  in  the  case  of  the  remarkable  phenomena 
discovered  by  Grimaldi,  where  light  seems  to  bend  round 
the  edge  of  screening  surfaces,  he  showed  how  under 
certain  conditions  light  added  to  light  would  create 
darkness,  and,  if  removed,  would  leave  light;  and  he 
j4  boldly  generalised  the  undulatory  theory  by  maintaining 
o?th7  that  *  "  a  luminiferous  ether  pervades  the  universe,  rare 
lununiferous  ^^^  ^^^^^.^  -^   ^   j^.^^  degree,"  that    the   sensation  of 


1  Works,  vol.  i.  p.  202. 

2  Ibid.,  p.  203. 

^  "This,  I  assert,  is  a  most 
powerful  argument  in  favour  of 
the  theory  which  I  had  before 
revived  :  there  was  nothing  that 
could  have  led  to  it  in  any  authw 
with  whom  I  am  acquainted,  ex- 
cept some  imperfect  hints  in  those 
inexhaustible   but  neglected  mines 


of  nascent  inventions,  the  works  of 
the  great  Dr  Robert  Hooke,  which 
had  never  occurred  to  me  at  the 
time  that  I  discovered  the  law" 
(ibid.,  p.  203). 

•*  The  sentences  in  quotation 
marks  are  the  headings  of  the 
diflferent  paragraphs  in  the  '*  Baker- 
ian  Lecture  "  of  November  12, 1801. 
Works,  vol.  i.  p.   140  sqq. 
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different  colours  depends  on  the  different  frequency  of 
vibrations  excited  by  light  in  the  retina,  and  "  that  all 
material  bodies  have  an  attraction  for  the  ethereal 
medium  by  means  of  which  it  is  accumulated  within 
their  substance."  In  all  his  conclusions,  while  differing 
from  :N'ewton's  doctrines,  he  sees  the  strongest  proofs  of 
the  admirable  accuracy  of  Newton's  experiments,  "  but 
scarcely  any  remaining  hope  to  explain  the  affections 
of  light  by  a  comparison  with  the  motions  of  projectiles."  ^ 
Although  Young  thus  established  "  a  theory  of  the  nature 
of  light  which  satisfactorily  removes  almost  every  diffi- 
culty that  has  hitherto  attended  the  subject,"  ^  his  view 
was  only  tardily  accepted.  Wollaston,^  with  the  hesi- 
tancy which  also  characterised  his  adhesion  to  the 
atomic  theory  of  Dalton,  did  not  avowedly  adopt  Young's 
views,  though  he  furnished  some  capital  experimental 
support  for  the  vibratory  theory  of  light.* 

Brougham,  in  the  'Edinburgh  Eeview,'  ridiculed 
Young's  theories,  and  persuaded  the  public  that  they  f^ltn 
stood  in  contradiction  with  [NTewton's  discoveries,  on  ^''^^' 
which  they  were  really  as  much  founded  as  those  of 
the  opposite  school.  Through  such  disfavour,  arising 
largely  from  a  want  of  skill  in  grasping  the  intricate 
mathematical  problems  which  were  involved,  the  doctrine 
of  the  interference  of  light,  the  mainstay  of  the  undula- 


15. 
Brougham's 


^  Works,  vol.  i.  p.  169. 
''^  •  Lectures,'  ed.  Kelland,  Preface, 
p.  ix. 

'  "  Whatever  disposition  Dr  Wol- 
laston  may  have  felt  to  view  this 
theory  with  favour,  he  was  re- 
strained from  adopting  its  con- 
clusions  by    the    habitual   caution 


of  his  character,  or  rather  by  the 
want  of  that  bold  and  enterprising 
spirit  of  speculation  which  is  more 
or  less  essential  to  those  who 
make  great  revolutions  in  science  " 
(Peacock,  'Life  of  Young,'  p.  375). 
'  Ibid.,  p.  374. 
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tory  theory  was,  like  the  atomic  theory  of  Dalton,  driven 
out  of  the  country.  Little  was  heard  of  it,  or  of  Young's 
great  contribution,  till  it  was  taken  up  abroad,  and  in  the 
very  place  where  the  brilliant  development  by  Laplace  of 
one  side  of  Newton's  suggestions  had  given  plausibility 
to  that  form  of  the  projectile  theory  of  light  accord- 
ing to  which  its  material  particles  were  supposed  sub- 
ject to  attractive  forces  when  they  arrived  in  the 
neighbourhood  of  ponderable  matter.  Young  had 
indeed  shown  that  the  introduction  of  such  forces 
could  easily  be  dispensed  with  as  a  basis  of  many  of 
Laplace's  calculations,  and  that  the  results  could  be 
sot  without  making  use  of  molecular  attraction.  He  had 
emancipated  himself  from  a  belief  in  the  infallibility  of 
Laplace's   methods.^     He  was   also  one  of    the   first  to 


1  On  the  20th  December  1804, 
Young  presented  to  the  Royal 
S'Kjiety  his  important  "Memoir  on 
the  Cohesion  of  the  Fluids. "  It  was 
printed  in  the '  Transactions'  in  1 805. 
In  December  1805  Laplace  read 
before  the  Institute  of  France,  and 
subsequently  published  in  a  supple- 
ment to  the  '  Mecanique  celeste,' 
his  celebrated  theory  of  capillary 
attraction.  Young  baises  his  inves- 
tigation entirely  on  the  existence 
of  a  surface  tension,  an  observable 
and  measurable  property  ;  whereas 
Laplace  falls  back  upon  the  hypo- 
thesis of  an  attraction  of  the 
smallest  particles  of  matter,  just 
as  he  had  employed  the  idea  of 
an  attraction  of  matter  on  the 
smallest  particles  of  light  to  explain 
atmospheric  refraction  according  to 
the  projectile  theory  adopted  by 
him.  In  the  sequel  this  attraction 
is  reduced  to  an  action  which  is 
insensible  at  sensible  distances.  In 
a  supplement  to  his  memoir,  which 


appeared  anonymously  in  the  first 
number  of  the  '  Quarterly  Review ' 
(1809),  Young,  evidently  annoyed 
that  some  of  his  results  had  been 
reproduced  without  acknowledg- 
ment (see  Peacock,  '  Life  of  Young,' 
p.  205),  reviewed  the  treatise  of 
Laplace  "  with  a  severity  which, 
though  excessive,  can  hardly  be 
considered  unprovoked  or  un- 
merited" (ibid.,  p.  206).  Inter 
alia  he  says  :  "  The  point  on  which 
M.  Laplace  seems  to  rest  the  most 
material  part  of  his  claim  to  origi- 
nality is  the  deduction  of  all  the 
phenomena  of  capillary  action  from 
the  simple  consideration  of  molec- 
ular attraction.  To  us  it  does 
not  appear  that  the  fundamental 
principle  from  which  he  sets  out 
is  at  all  a  necessary  consequence 
of  the  established  properties  of 
matter ;  and  we  conceive  that  this 
mode  of  stating  the  question  is  but 
partially  justified  by  the  coincidence 
of  the  results  derived  from  it  with 


emancipate  himself  from  the  astronomical  view  of 
phenomena.  In  France  the  matter  stood  quite  differently, 
and  nothing  better  proves  the  erenius  of  Au^ustin  Fresnel        le. 

^  ^  °  ®  Augustin 

than  the  fact  that  he  ventured  against  the  opposition  of  Fresnei. 

great  authorities  to  go  his  own  way,  starting  from  the 

beginning  and  devising  many  ingenious  appeals  to  nature 

herself — i.e.,    to    experiment — in    order   to    establish    a 

correct  view.     It  is  well  known  that  his  labours  had  to 

wait  many  years  for  their  deserved  appreciation.^     It  is, 

however,  only  just  to  remark  that  Arago,  an  admirer  of 

Laplace    and    an    intimate    friend    of    Biot,    the    great 

supporter  of  the  projectile  theory  of  light,  was  the  first 

to  recognise  the  importance  of  Fresnel's  work,  and  that 

it  was  largely  owing  to  his  co-operation  and  influence 

that  the  undulatory  theory  of  light  triumphed  in  the  end. 

Fresnel's   own    labours    began   with   the   study   of    the 

same  phenomena  which  had  led  Young  to  the  discovery 

of  "  interference  " — viz.,  the  bands  and  coloured  fringes  * 

observable  round  the  shadows  of  small  screening  objects, 

or  the  images  of  small  apertures  through  which  rays  of 

light  are  allowed  to  enter :  the  phenomena  of  diffraction 

or  inflection  of  light.     But  whilst  Young  still  explained 

these   phenomena   as  arising   from   the   interference    of 

direct  "  portions  "  of  light  and  such  as  were  reflected  at 

the  edge  of  the  screening  obstacle,  Fresnel  showed  that  the 

principle  of  interference  had  a  much  wider  application,  that 

it  was  adequate  to  explain  why  a  periodic  wave-motion, 

such  as  was  conceived  by  Huygens,  only  sent  out  rays  of 


experiment,  since  he  has  not  de- 
monstrated that  a  similar  coinci- 
dence might  not  be  obtained  by 
proceeding      on     totally     different 


t 


I 


grounds"  ('  Quarterly  Review,'  No. 
1,  p.  109). 

^  See    the  first  volume  of  this 
work,  p.  241  note^. 
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17. 
Difficulties 
presented 
by  the 
polarisation 
of  light. 


light  in  the  direction  which  was  in  a  straight  line  from 
the  origin  or  centre  of  light ;  that  the  lateral  or  secondary 
waves  destroyed  each  other  almost  entirely  by  interference 
or  overlapping ;  and  that  the  so-called  inflection,  bending, 
or  lateral  spreading  of  light,  was  occasioned  by  an  incom- 
plete coincidence  or  overlapping  of  these  lateral  undula- 
tions. It  appears  that  about  the  year  1815  Fresnel  had, 
through  a  study  of  the  phenomena  of  diffraction,  arrived 
at  a  conviction,  entertained  by  Young  fifteen  years  earlier, 
that  the  projectile  theory  of  light  could  not  explain 
them.  He  had  also,  by  a  more  rigorous  and  minute 
study  of  Young's  principle  of  interference,  explained  the 
reason  of  the  rectilinear  propagation  of  light.  Yet  these 
results  did  not  materially  affect  the  adherents  of  the 
projectile  theory,  who  had  been  during  late  years  very 
active  in  studying  another  class  of  optical  phenomena, 
those  of  polarisation — the  power  which  light  possesses 
of  acquiring,  either  by  refraction  or  reflexion,  a  differ- 
ence not  discernible  merely  by  the  eye.  This  differ- 
ence consists  in  the  fact  that  a  ray  of  light  very  fre- 
quently— as  Xewton  had  already  expressed  it — possesses 
"  sides,"  just  as  a  flat  strip  or  narrow  tape  has  sides  if 
compared  with  an  ordinary  thread  or  wire,  which  has  no 
sides ;  or  as  a  wire  drawn  through  a  specially  shaped  die 
acquires  sides  or  edges.  This  property  was  later  termed 
polarity,^  a  term  which  implies  that  the  particles  of  light 

^  The  word  "  polarity  "  was  in- 
troduced by  Malus  in  1810.  It  is 
unfortunate,  as  it  suggests  the  cor- 
puscular nature  of  light.  Newton's 
conception  of  "sideduess"  ("later- 
ality," formed  by  analogy  on  Lord 
Kelvin's  term  "  chirality  "  to  de- 
scribe right-   or    left  -  handedness. 


see  vol.  i.  p.  432)  is  a  better  de- 
scription of  the  phenomenon.  It  is 
contained  in  the  26th  query  to  the 
second  edition  of  the  'Opticks' 
(1717).  Huygens  had  long  before, 
in  his  *Traite  de  la  Lumiere' 
(written  in  1678,  published  in  1690), 
after  having  given  a  correct  rule  for 


have  unequal  properties  in  different  directions ;  and  the 
process  of  revealing  it  was  termed  polarisation.  Huygens 
had  discovered  this  property,  which  he  found  was  given 
to  rays  of  light  if  they  passed  through  certain  crystals, 
notably  through  Iceland  spar,  which  has  the  capacity 
of  dividing  the  rays  so  that  objects  seen  through  them 
appear  double.  He  could  not  explain  it  on  his 
hypothesis  of  undulations,  though  he  had  invented  a  geo- 
metrical construction  of  the  double  refraction  which  had 
led  him  to  its  discovery.  Malus  showed  in  1808  that 
double  refraction  was  not  a  necessary  accompaniment  of 
polarisation,  but  that  ordinary  reflexion  was  enough  to 
give  these  sides  to  rays  of  light.  Although  the  projectile 
theory  gave  no  complete  explanation  of  this  property, 
still  the  supposition  that  this  one-  or  many-sidedness 
was  owing  to  certain  geometrical  shapes  of  the  pro- 
jected particles  suggested  that  double  refraction  might 
be  explained  by  the  different  attraction  or  repulsion 
which   these  particles  suffered   according  to  the  aspect 


determining  the  course  of  the  ordi- 
nary and  extraordinary  rays  in  Ice- 
land spar,  described  the  pheno- 
menon fully,  admitting  at  the  same 
time  that  he  could  not  explain  it. 
When  Malus  discovered  that  light 
might  acquire  this  peculiar  pro- 
perty by  reflexion.  Young  wrote 
in  a  review  ('Quarterly  Review,' 
May  1810):  "The  discovery  .  .  . 
appears  to  us  to  be  by  far  the  most 
important  and  interesting  that  has 
been  made  in  France,  concerning 
the  properties  of  light,  at  least  since 
the  time  of  Huygens ;  and  it  is  so 
much  the  more  deserving  of  notice, 
as  it  greatly  influences  the  general 
balance  of  evidence  in  the  com- 
parison of  the  undulatory  and  the 
projectile  theories  of  the  nature  of 


light "  (Works,  vol.  i.  p.  247).  And 
Malus  himself,  in  writing  to  Young 
as  Foreign  Secretary  of  the  Royal 
Society,  by  whom  he  had  been 
awarded  the  Rumford  Medal,  says  : 
"  J  e  ne  regarde  pas  la  connaissance 
de  ces  phenomenes  comme  plus 
favorable  au  syst^me  de  remission 
qu'h,  celui  des  ondulations.  lis  de- 
montrent  egalement  I'insufiisauce 
des  deux  hypotheses  ;  en  eSet  com- 
ment expliquer  dans  I'une  ou  «iaus 
I'autre  pourquoi  un  rayon  polarise 
peut  traverser  sous  une  certaine 
inclinaison  un  corps  diaphane,  en 
se  derobant  totalement  h  la  re- 
flexion partielle  qui  a  lieu  a  la  sur- 
face de  ces  corps  dans  les  cas  ordi- 
naires  ?  "  (quoted  by  Peacock,  '  Life 
of  Young,'  p.  248  note). 
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which  they  presented  when  approaching  ponderable  or 
attracting  substances.  Nothing  of  this  kind  seemed 
imaginable  on  the  undulatory  theory,  which,  reasoning 
from  the  analogy  of  sound,  considered  light  to  consist 
in  a  rapid  to-and-fro  motion  of  the  ether  in  the  direc- 
tion of  the  rays  of  light.  Sidedness  or  "  laterality " 
seemed  inconceivable.  Eays  of  light  possessing  this 
property  would  (as  Fresnel  and  Arago  showed  in  1816) 
eventually  even  lose  their  capability  of  interference,  that 
main  property  discovered  by  Young,  the  principal  argu- 
ment for  the  vibratory  theory.  "Every  day  in  that 
remarkable  period — when  so  many  great  observers  were 
endeavouring  to  outstrip  each  other  in  the  career  of 
discovery — was  making  known  modifications  and  phe- 
nomena of  polarised  light  which  no  existing  theory  was 
yet  competent  to  explain.  It  was  polarisation  which 
still  continued  to  cast  a  dark  cloud  over  the  hopes  and 
fortunes  of  the  undulating  theory."  ^  Thus  it  was 
natural  that  the  representatives  of  the  astronomical  view 
of  nature,  who,  headed  by  Laplace,  had  given  so  many 
real  and  some  apparent  explanations  of  complicated  phe- 
nomena, and  to  whom  the  conceptions  of  the  projectile 
theory  of  light  seemed  more  promising,  should  think  it 
time  to  attack  the  very  stronghold  of  the  vibratory  theory, 
namely,  the  phenomena  of  interference,  exhibited  mainly 
in  diffraction,  and,  by  a  minute  experimental  and  mathe- 
matical analysis,  show  whether  these  phenomena  could 
not  be  brought  within  the  pale  of  their  fundamental  con- 
ceptions. For  the  discoveries  of  Young  and  Fresnel  had 
not  shaken  them.     Accordingly  the  Paris  Academy  of 

1  Peacock  in  *  Life  of  Young,'  p.  383. 


Sciences  in  1817  issued  for  the  competition  on  the  grand 
mathematical  prize  for  1819  the  subject  of  Diffraction, 
"persuaded  that  a  deeper  investigation  of  these  phenomena, 
which  seemed  opposed  to  their  cherished  doctrine,  would 
give  occasion  for  new  triumphs."  ^  In  this  they  were 
doomed  to  disappointment.  At  the  request  of  Arago  and  is. 
Ampere,  Fresnel  entered  for  this  competition,  and  his  ^^f^JJ^^ction 
'Memoire  sur  la  Diffraction'  was  crowned  the  following 
year.  In  it  he  viewed  the  subject  from  a  much  more 
general  point  of  view,  examining  the  two  rival  systems — 
that  of  emission  and  that  of  undulations — as  to  their 
capacity  for  explaining  the  phenomena  of  diffraction. 
The  result  seemed  decisive  in  favour  of  the  latter  theory, 
and  the  impression  produced  was  all  the  greater  because 
Poisson,'^  one  of  the  judges  and  a  believer  in  the  emission 
theory,  drew  certain  apparently  very  paradoxical  conse- 


^  Verdet  in  '  (Euvres  de  Fresnel,' 
vol.  i.,  Preface,  p.  xxxv.,  &c. 

-  The  commission  consisted  of 
Biot,  Arago,  Laplace,  Gay-Lussac, 
and  Poisson.  Arago  drew  up  the 
report,  which  is  published  in  the 
first  volume  of  the  '(Euvres  de 
Fresnel,'  No.  13.  It  closes  with 
the  following  note  :  "  M.  Poisson, 
depuis  le  rapport  de  la  commission, 
ayant  fait  remarquer  h  M.  Fresnel 
que  I'integrale  qui  repr^sente 
I'intensite  de  la  lumiere  diffractie 
peut  aisdment  s'obtenir  pour  le 
centre  de  I'ombre  d'un  dcran  ou 
d'une  ouverture  circulaires,  celui-ci 
fit  le  calcul  pour  ce  dernier  cas,  et 
trouva  que  I'expression  gendrale 
d'intensite  devenait  alors  semblable 
a  celle  de  la  lumiere  reflechie  dans 
le  phenomene  des  anneaux  color^s  ; 
que  ses  minima  ^taient  tout  h,  fait 
nul  et  devaient  presenter  aiusi  un 
noir  h  peu  pr^s  parfait  dans  une 


lumiere  sensiblement  homogene ;  du 
moins  pour  les  trois  premiers  ordres, 
oili  le  d^faut  d'homogen^ite  de  la 
lumiere  rouge  employee  ne  se  fais- 
ait  pas  encore  trop  sentir :  c'est 
aussi  ce  que  1 'experience  a  confirme ; 
en  playant  le  foyer  de  la  loupe  du 
micrometre  aux  distances  calculees 
on  appercevait  comme  une  tache 
d'encre  au  centre  de  I'ouverture 
circulaire.  ...  On  peut  regarder 
cette  experience  comme  une  verifi- 
cation des  formules  de  M.  Fresnel," 
&c.  ('(Euvres,'  vol.  i.  p.  245). 
See  also  the  note  which  Fresnel 
attached  to  his  memoir  (ibid.,  p. 
365).  The  memoir  was  crowned  in 
1819,  but  not  published  till  1826. 
An  abstract  of  the  first  and  a  re- 
print of  the  second  part  had  been 
published  in  the  11th  vol.  of  the 
'  Annalesde  Chimie  et  de  Physique.' 
Fresnel  sent  two  copies  to  Young, 
19th  September  1819. 
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quences  from  Fresnel's  calculations  :  Fresnel  was  invited 
to  prove  by  experiment  these  astonishing  results,  and  he 
found  them  actually  confirmed.  So  far  as  the  phenomena 
of  diffraction — erroneously  termed  inflection — are  con- 
cerned, this  work  of  Fresnel  established  the  fact  "  that 
the  theory  of  undulations  foretells  the  phenomena  as 
exactly  as  the  theory  of  gravitation  foretells  the  move- 
ments of  the  heavenly  bodies."  ^  It  was,  however, 
quite  different  if  we  consider  that  other  larger  class  of 
phenomena  '^  which  revealed  the  fact  that  rays  of  light 


^  See  Schwerd,  '  Die  Beugungs- 
erscheinnugenausdenFundamental- 
gesetzen  der  Undulations  -  theorie 
analytisch  entwickelt '  (Mannheim, 
1835),  Preface,  p.  x. 

-  The  history  of  the  final  estab- 
lishment of  the  wave  theory  of 
light  has  been  written  by  Whewell 
in  the  second  volume  of  the 
'  History  of  the  Inductive  Sciences. ' 
The  main  sources  which  existed  at 
that  time  were  the  memoirs  of 
Young  and  Fresnel,  and  the  '  Life 
of  Dr  Young '  by  Peacock.  This 
history  has  been  written  again  with 
ampler  materials  by  M.  Verde  t  as 
an  introduction  to  the  edition  of 
the  complete  works  of  Fresnel,  pub- 
lished in  1866.  It  is  well  to  read 
both  accounts,  as  some  points  which 
remain  obscure  in  the  earlier  are 
fully  explained  in  the  later.  There 
is  no  doubt  that  Young  suggested 
that  the  phenomena  of  ''sided- 
ness,"  which  rays  of  light  exhibit, 
lead  to  the  conception  of  a  lateral 
or  transverse  movement ;  he  also 
hinted  that  in  biaxial  crystals  the 
shape  of  the  wave  might  be  that 
of  an  almond  or  an  amygdaloid 
(article  "Chromatics,"  reprinted  in 
Works,  vol.  i.  pp.  317,  322),  what  we 
now  call  an  ellipsoid ;  but  M.  Ver- 
det  is  right  in  characterising  Young's 
suggestions  as  vague,  and  vindicat- 


ing for  Fresnel  the  full  merit  of 
having  defined  transverse  vibrations 
and  of  having  introduced  the  ellip- 
soid of  elasticity  as  a  geometrically 
perfect  means  of  finding  by  con- 
struction the  paths  of  rays  in  biaxial 
crystals.  The  method  was  quite 
independent  of  the  theoretical  views 
regarding  light  which  were  con- 
tained in  the  same  memoir,  the 
consideration  of  which  was  referred 
to  a  commission  consisting  of 
Ampere,  Arago,  Fourier,  and  Pois- 
son.  Of  these  Ampere  had  sug- 
gested transverse  vibrations  as  a 
means  of  explaining  the  phenomena 
of  polarisation  ('CEuvres  de  Fresnel,' 
vol.  i.  p.  394).  Arago,  though  a  gieat 
friend  of  Fresnel  and  a  believer 
in  the  wave  theory,  never  to  the 
end  of  his  life  accepted  the 
hypothesis  of  transverse  vibrations 
(ibid.,  p.  Iv.)  Poisson,  a  supporter 
of  Laplace's  molecular  theory,  re- 
tired from  the  commission  ;  and 
Arago,  who  composed  the  Report 
to  the  Academy,  confined  himself 
to  pronouncing  on  the  experimental 
porticjn,  which  fully  confirmed  the 
general  law  of  double  refraction  an- 
nounced by  the  author  ;  refraining 
from  the  expression  of  any  opinion  as 
to  the  theoretical  portion,  it  being 
premature  to  do  so  (see  '  CEuvres 
de  Fresnel,'  vol.  ii.  p.   463).     Im- 


have  sides,  the  phenomena  of  "  laterality  "  (misleadingly 
called  polarisation).  The  believers  in  the  emission  theory 
studied  them  with  predilection,  Biot  at  their  head.  Al- 
though to  Young  their  explanations  were  unconvincing, 
their  results  were  so  perplexing  that  he  wrote  to  Brewster 
in  September  1815,  "With  respect  to  my  own  funda- 
mental hypotheses  respecting  the  nature  of  light,  I  be- 
come less  and  less  fond  of  dwelling  on  them,  as  I  learn 
more  and  more  facts  like  those  which  Mr  Malus  dis- 
covered; because,  although  they  may  not  be  incompat- 
ible with  these  facts,  they  certainly  give  us  no  assistance 
in  explaining  them."  ^  When  Young  wrote  this,  Fresnel 
had  not  yet  presented  his  first  memoir  on  Diffraction  to 
the  Institute ;  his  own  labours  on  that  matter  were  more 
than  ten  years  old;  the  phenomena  of  polarisation  had 
meantime  absorbed  the  attention  of  opticians.  In  the 
summer  of  1816  Arago  and  Gay-Lussac  paid  a  visit  to 


mediately  after  the  reading  of 
Arago's  report,  Laplace,  "  who  had 
ttiought  for  a  long  time  that  his 
analysis  had  made  the  phenomena 
of  double  refraction  depend  on  his 
emission  theory,"  proclaimed  the 
great  importance  of  the  memoir, 
and  declared  that  he  placed  these 
researches  above  anything  that  had 
for  a  long  time  been  communicated 
to  the  Academy  ('  CEuvres  de  Fres- 
nel,' vol.  i.  p.  Ixxxvi.,  and  vol.  ii. 
p.  459).  We  are  indebted  to  M. 
Verdet  for  having  shown  that  the 
discovery  of  this  law  by  Fresnel  is 
independent  of  the  theoretical  con- 
siderations by  which  he  tried 
synthetically  to  prove  it.  On  this 
point  he  says  :  "  En  revelant  la 
serie  de  generalisations  et  de  con- 
jectures par  lesquelles  Fresnel  est 
arrive  peu  a  peu  a  la  decouverte 
des  lois  g^nerales  de  la  double  re- 


fraction, ils  font  disparaitre  une 
difficulte  qui  ne  pouvait  manquer  de 
resulter  de  toute  etude  tant  soit  peu 
approiondie  de  ses  ecrits  imprimcs. 
.  .  .  On  a  vu  au  contraire  que  cette 
loi  s'est  manifeste  a  Fresnel  comme 
le  resultat  d'une  generalisation  toute 
semblable  aux  generalisations  qui 
out  amene  la  plupart  des  grandes 
decouvertes.  Lorsqu'il  a  voulu 
eusuite  se  rendre  compte  de  la  loi 
par  une  theorie  mecanique,  il  n'est 
pas  etonnant  qu'il  ait,  peut-etre  h 
son  insu,  conduit  cette  theorie  vers 
le  but  qu'il  connaissait  d'avance, 
et  qu'il  ait  et^  determine,  dans  le 
choix  des  hypotheses  auxiliaires 
moins  par  leur  vraisemblance  intriu- 
s^que  que  par  leur  accord  avec  ce 
qu'il  etait  en  droit  de  considerer 
comme  la  verite  "  (ibid.,  vol.  ii.  p. 
327.  Cf.  vol.  i.  p.  Ixxxiv.) 
^  Works,  vol.  i.  p.  361. 
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England  and  to  Young,  who  learnt  from  them  that, 
mainly  owing  to  Fresnel's  labours,  his  own  researches 
had  "  attracted  much  more  notice  in  Paris  than  in 
London,  .  .  .  leading  to  some  very  warm  discussions 
among  the  members  of  the  Institute  on  some  public 
occasions."  ^  It  is  likely  that  this  visit,  as  well  as  the 
discovery  of  Arago  that  rays  of  light  when  polarised 
— i,e.,  possessed  of  laterality — lose  under  certain  condi- 
tions their  power  of  interference,  induced  Young  to 
resume  seriously  the  consideration  of  the  subject.  In 
19.       January   1817,  long  before   Fresnel   had   made  up  his 

Young  and  ./  '  o 

Fresnei  mind  to  adopt  a  similar  conclusion  (suggested  to  him 
tk)n*o?^^^'  by  Ampere),  Young  announced  in  a  letter  to  Arago 
vibrations,  that  in  the  assumption  of  transverse  vibrations,  after  the 
manner  of  the  vibrations  of  a  stretched  string,  lay  the 
possibility  of  explaining  polarisation  or  "  laterality,"  and 
the  non  -  interference  of  rays  whose  sides  are  perpen- 
dicular to  each  other.  By  introducing  this  conception 
of  a  lateral  or  transverse  movement  into  physical  optics 
— a  conception  shortly  afterwards  adopted  by  Fresnei — 
the  data  were  provided  for  a  complete  mechanical  or 
kinetic  explanation  of  all  phenomena  of  homogeneous 
rays  of  light — i.e.,  of  such  rays  as,  on  passing  through 
refracting  substances,  are  not  divided  into  several 
colours. 

Two  great  problems  now  presented  themselves,  one  of 
which  Fresnei  attacked  with  great  success.  The  other  is 
hardly  yet  solved.  Inasmuch  as  these  two  problems 
have  largely  occupied  physicists  and  mathematicians  all 
through  the  century,  and  guided  their  reasonings  in  other 

^  Peacock,  '  Life  of  Young,'  p.  389. 


branches  of  research,  it  will  be  useful  to  define   them 
more  clearly. 

Ever  since  !N'ewton  laid  down  the  general  laws  of 
motion,  it  has  been  seen  with  increasing  clearness  to  be 
the  object  of  mathematical  physics  to  describe  the  exist- 
ing observable  or  supposed  forms  of  motion  in  nature  by 
having  recourse  to  the  fundamental  laws  of  motion 
coupled  with  the  smallest  possible  number  of  assumptions 
as  to  the  ultimate  constitution  of  matter  or  of  the 
moving  substance.  As  soon  as  any  definite  assumption 
was  made,  it  became  necessary  to  follow  it  into  all 
possible  consequences,  and  not  to  make  any  new  assump- 
tions so  long  as  the  capabilities  of  the  old  ones  were  un- 
exhausted, or  so  long  as  it  was  not  shown  either  that  the 
new  assumption  was  based  upon  observable  facts,  or 
did  not  involve  latent  contradictions  with  those  already 
admitted.  Newton  had  led  the  way  by  making  one 
great  assumption  in  addition  to  laying  down  the  laws  of 
motion.  This  was  the  property  of  gravitation.  Heed- 
less of  Newton's  warning  that  this  assumption,  though 
proved  by  experiment,  did  involve  certain  seeming 
absurdities  which  called  for  further  examination,  philo- 
sophers like  Boscovich,  and  mathematicians  like  Laplace, 
busied  themselves  with  drawing  all  the  consequences  of 
the  assumption,  and  they  saw  the  most  hopeful  way  of 
further  progress  in  an  extension  of  it  into  the  realm 
of  molecular  physics.  Young  was  probably  one  of  the 
first  to  see  the  futility  or  the  mere  semblance  of  truth 
in  the  astronomical  view  of  nature.  He  approached 
both  by  experiment  and  mathematically  the  great  class 
of  phenomena  of  small,  extremely  rapid,  periodic  move- 
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ments;  and  he  applied  his  results  for  the  purpose  of 
gaining  a  new  basis  for  the  theory  of  light.  His  specu- 
lations were,  however,  not  confined  to  this.  He  had 
started  by  studying  sound  and  had  shown  its  analogy 
with  light ;  but  when  he  ultimately  ventured  on  the  bold 
assumption  of  a  lateral  to-and-fro  tremor,  he  showed 
where  the  nature  of  light  differed  from  that  of  sound. 
It  was  in  this :  that  the  tremor  of  sound  was  that  of  an 
elastic  fluid  such  as  air,  or  of  any  substance  in  which  the 
movement  is  carried  forward  by  alternate  compression 
and  expansion.  But  the  phenomena  of  light  seemed  to 
require  for  their  explanation  two  seemingly  incompatible 
assumptions  :  first,  a  substance  more  subtle  than  air,  incap- 
able of  impeding  the  motion  of  matter  in  it ;  and,  secondly, 
a  substance  having  vibrations  resembling  the  tremors 
of  what  we  term  solid  bodies,  e.g.,  stretched  strings. 
Young  is  one  of  the  founders  of  the  theory  of  elasticity.^ 


^  The  history  of  the  theories  of 
elasticity  has  been  written  by  Isaac 
Todhunter  and  continued  by  Pro- 
fessor KLarl  Pearson.  A  perusal  of 
the  earlier  portion  of  the  work 
show.s  how  imperfect  were  the  ideas 
which  existed  at  the  time  when 
Frt-snel  approached  the  problem  in 
the  interest  of  the  wave  theory 
of  light.  Tlie  greatest  mathemat- 
icians, like  p:uler,  had  handled  the 
subject,  and  had  damaged  their  rep- 
utation, especially  in  this  country, 
by  serious  errors  or  by  conclusions 
which  agreed  ill  with  experience. 
Young  was  one  of  the  earliest  writers 
on  elasticity  in  the  nineteenth  cen- 
tury ;  having  given  considerable  at- 
tention to  the  subject  in  his  Lec- 
tures on  Natural  Philosophy  (de- 
livered in  1802,  published  in  1807). 
He  there  introduces  the  modulus  of 
elasticity,  a  term  which,  with  some 


change  of  meaning,  survives  in  mod- 
ern treatises.  His  name,  as  well  as 
that  of  Hooke  ("  Ut  tensio  sic  vis"), 
appears  accordingly  at  the  portal  of 
the  science.  Young,  though  Tod- 
hunter has  a  significant  remark  on 
liis  obscurity  of  style,  stands  out 
prominently,  if  compared  with  con- 
temporary writers  in  this  country, 
by  his  thorough  knowledge  of  the 
labours  of  Continental  mathemati- 
cians, among  whom  he  assigns  special 
merit  to  Coulomb.  In  general,  Tod- 
hunter has  little  to  say  in  praise  of 
English  science  in  this  department 
during  the  earlier  part  of  the  cen- 
tury, and  he  considers  the  "  perusal 
of  Englisli  text -books  on  practical 
mechanics  published  in  the  first 
half  of  the  century  a  dispiriting 
task,"  in  consequence  of  a  "  want  of 
clear  thinking,  of  scientific  accuracy, 
and  of  knowledge  of  the  work  ac- 
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He  must  have  fully  realised  the  difficulty  of  imagining  a 
substance  more  subtle  than  air  and  yet  endowed  with  the 
property  of  rigidity,  known  to  us  only  in  solid  bodies. 
The  elaboration  of  the  theory  of  light  pressed  upon 
physicists  and  mathematicians  a  more  careful  study  of 
the  different  states  in  which  matter  can  exist.  The 
different    properties   which   this  hypothetical   substance 

11      1         1  111  xiic  pro- 

called  ether  must  possess  had  to  be  mathematically  de-  pertiesof 

•^  the  ether. 

lined ;  and,  further,  it  had  to  be  shown  whether  it 
would  be  physically  possible  for  a  body,  subject  to  the 
empirical  laws  of  motion,  to  possess  certain  of  the  pro- 
perties of  what  we  term  solids,  and  yet  to  be  in  other 
respects  the  very  opposite  of  a  solid.  The  solution  of  the 
first  problem  was  a  purely  mathematical  performance,  in 
which  many  eminent  mathematicians,  such  as  Cauchy, 
Xeumann,    Green,    M'Cullagh,   and   Stokes,^  have    been 


21. 

Tlie  pro- 


complished  abroad  "  (vol.  i.  p.  105). 
"It  is  difficult  to  picture  the  re- 
markable scientific  ignorance  of 
practical  men  in  England  in  the 
first  quarter  of  the  century.  One 
can  only  trust  that  there  may  be  a 
closer  union  of  practice  and  theory 
in  our  own  day"  (p.  106).  This 
passage  was  probably  written  in  the 
'seventies. 

According  to  Todhunter,  the  true 
theory  of  elasticity  was  founded 
in  France  between  the  years  1820 
and  1 830,  by  Navier,  Poisson,  and 
Cauchy  on  the  one  side  ;  by  the  ex- 
perimental work  of  Savart  on  the 
other.  It  had  been  allied  with 
theoretical  acoustics  since  Euler's 
time.  Chladni  in  Germany  fur- 
thered that  branch  of  the  subject  in 
three  celebrated  works  :  '  Theorie 
des  Klanges'  (1787),  '  Akustik ' 
(1802),  'Beithige  zur  Akustik ' 
(1817).       Chladni     influenced    the 


brothers  Weber,  whose  *Wellenlehre 
auf  Experimente  gegriindet'  ap- 
peared in  1825.  In  it  wave-motion, 
such  as  the  theories  of  sound  and 
light  had  made  specially  interesting 
and  important,  was  experimentally 
examined  and  illustrated.  The 
theory  of  elasticity  now  received  a 
new  ally,  viz.,  the  elastic  theory 
of  light  or  of  the  ether.  Though 
suggested  by  Fresnel,  its  real 
founder  was  Cauchy. 

^  The  natural  philosopher  towhom 
we  are  most  indebted  for  bringing 
clearness  and  definiteness  into  our 
ideas  and  our  language  in  these 
very  intricate  subjects  is  Sir  George 
Stokes.  In  two  papers,  published 
respectively  in  1845  and  1849  (see 
'Mathematical and  Physical  Papers,' 
vol.  i.  pp.  75-129,  and  vol.  ii.  pp. 
8-13),  he  has  done  more  than  any 
other  writer  to  fix  for  nearly  half 
a  century  the  conceptions  and  the 
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engaged.  The  solution  of  the  latter  problem  involved 
experiment  as  well  as  calculation.  The  different  states 
and  properties  of  matter  had  to  be  studied  from  quite 
novel  points  of  view :  they  had  to  be  defined  in  terms 
of  the  different  kinds  of  motion  and  of  inertia,  i.e., 
resistance  to  motion  or  capacity  for  motion.  The  popular 
conceptions  of  solidity,  rigidity,  fluidity,  expansion,  pres- 
sure, weight,  required  to  be  translated  into  the  language 
of    ordinary   dynamics,   that  it   might   appear  to   what 


vocabulan-  of  physical  optics.  He 
has,  however,  whilst  working  inde- 
pendently, been  careful  to  point 
out  to  what  extent  his  views 
agree  with  or  are  anticipated  by 
the  important  writings  of  Cauchy 
and  Poisson  in  France.  Up  to  his 
time  the  ether  was  universally 
spoken  of  as  a  fluid.  Stokes  led 
up  to  the  "  elastic  solid  "  and  the 
"  jelly  "  theory  of  the  ether.  "  Un- 
doubtedly," he  says,  "  it  does  vio- 
lence to  the  ideas  that  we  should 
have  been  likely  to  form  a  priori 
of  the  nature  of  the  ether  to  assert 
that  it  must  be  regarded  as  an 
elastic  solid  in  treating  of  the 
vibrations  of  light.  When,  how- 
ever, we  consider  .  .  .  the  diffi- 
culty of  explaining  these  phenomena 
by  any  vibrations  due  to  the  con- 
densation and  rarefaction  of  an 
elastic  fluid  such  as  air,  it  seems 
reasonable  to  suspend  our  judg- 
ment and  be  content  to  learn  from 
phenomena  the  existence  of  forces 
which  we  should  not  beforehand 
have  expected.  .  .  .  The  following 
illustration  is  advanced,  not  so 
much  as  explaining  the  real  nature 
of  the  ether,  as  for  the  sake  of 
oflering  a  plausible  mode  of  con- 
ceiving how  the  apparently  opposite 
properties  of  solidity  and  fluidity 
which  we  must  attribute  to  the 
ellier  may  be  reconciled.  Suppose 
a  small  quantity  of  glue  dissolved 


in  a  little  water  so  as  to  form  a 
stiff  jelly.  This  jelly  forms,  in  fact, 
an  elastic  solid :  it  may  be  con- 
strained .  .  .  and  return  to  its 
original  form  when  the  constraining 
force  is  removed,  by  virtue  of  its 
elasticity  ;  but  if  we  constrain  it 
too  far  it  will  break.  Suppose  now 
the  quantity  of  water  to  be  'in- 
creased '  .  .  .  till  we  have  a  pint 
or  a  quart  of  glue- water.  The  jelly 
will  then  become  thinner.  ...  At 
last  it  will  become  so  far  fluid  as  to 
mend  itself  again  as  soon  as  it  is 
dislocated.  Yet  there  seems  hardly 
sufficient  reason  for  supposing  that 
at  a  certain  stage  of  the  dilution  the 
tangential  force  whereby  it  resists 
constraint  ceases  all  of  a  sudden. 
In  order  that  the  medium  .  .  . 
should  have  to  be  treated  as  an 
elastic  solid,  it  is  only  necessary  that 
the  amount  of  constraint  should 
be  very  small.  The  medium  would, 
however,  be  what  we  should  call  a 
fluid  as  regards  the  motion  of  solid 
bodies  through  it.  .  .  .  Conceive 
now  a  medium  having  similar  pro- 
perties, but  incomparably  rarer 
than  air,  and  we  have  a  medium 
such  as  we  may  conceive  the  ether 
to  be,  a  fluid  as  regards  the  motion 
of  the  earth  and  planets  through  it, 
an  elastic  solid  as  regards  the  small 
vibi-ations  which  constitute  light" 
( *  Papers,'  vol.  ii.  p.  11  sqq.) 
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extent  these  various  properties  could  exist  separately  or 
were  mutually  dependent.^ 

In  the  domain  of  sound  and  light  the  early  part  of 
the  century  was  thus,  as  we  have  seen,  witness  of  a 
useful  interpretation  of  these  various  modifications  as 
merely  different  kinds  of  motion :  both  were  considered 
to  be  vibrations,  the  frequency  of  which  marked  the 
position  of  a  note  or  a  tint  in  the  musical  or  chromatic 


^  That  is  to  say,  the  number  of 
independent  constants  had  to  be 
fixed  which  would  permit  isotropic 
or  anisotropic  bodies  {i.e.,  bodies 
which  are  either  equal  in  all  direc- 
tions, or  unequal  in  the  three  direc- 
tions) to  be  mathematically  defined, 
and  in  consequence  their  behaviour 
studied,  if  subjected  to  strains  and 
displacements.  Over  these  defini- 
tions there  arose  the  great  contro- 
versies of  those  who  believed  in  a 
small  number  o^  constants  (one 
constant  in  isotropic  and  fifteen  in 
anisotropic  bodies  against  two  and 
twenty-one  respectively).  A  good 
account  of  these  controversies  and  of 
their  mathematical  and  physical  sig- 
nificance will  be  found  in  the  first 
volume  of  Todhunter's  '  History  of 
Elasticity,'  by  Professor  Karl  Pear- 
son, p.  496  sqq.  The  former  theory 
is  termed  the  rari-  (few)  constant 
theory,  the  latter  the  multi-  (many) 
constant  theory.  The  rari-constaut 
theory  is  based  upon  the  assump- 
tion that  a  body  consists  of  mole- 
cules, and  that  the  action  between 
two  molecules  ...  is  in  the  line 
joining  them.  It  is  an  outcome  of 
the  atomic  and  action  -  at  -  a  -  dis- 
tance theory  in  vogue  on  the  Conti- 
nent, and  is  accordingly  mainly 
represented  by  Naiver,  Poisson, 
Cauchy,  and  others,  notably  Saint- 
Venant.  The  other  school,  mainly 
represented  by  mathematical  physi- 
cists in  this  country,  starts  not  from 
a    mathematical    formula    (which, 

VOL.  II. 


after  all,  loses  its  precision  as  the 
active  forces  are  reduced  to  the 
vague  statement  that  they  act  sen- 
sibly only  at  insensible  distances) 
but  from  physical  data.  It  is  an 
analogue  to  Young's  theory  of  cap- 
illarity as  against  Laplace  (see 
above,  p.  20,  note).  "The  some- 
what unsatisfactory  nature  of  the 
results  of  those  investigations  pro- 
duced, especially  in  this  country,  a 
reaction  in  favour  of  the  opposite 
method  of  treating  bodies  as  if  they 
were,  so  far  at  least  as  our  experi- 
ments are  concerned,  truly  continu- 
ous. This  method,  in  the  hands  of 
Green,  Stokes,  and  others,  has  led 
to  results  the  value  of  which  does 
not  at  all  depend  on  what  theory 
we  adopt  as  to  the  ultimate  con- 
stitution of  bodies  "  (Clerk  Maxwell, 
'  Scientific  Papers,'  vol.  ii.  p.  253). 
"  After  the  French  mathematicians 
had  attempted,  with  more  or  less 
ingenuity,  to  construct  a  theory  of 
elastic  solids  from  the  hypothesis 
that  they  consist  of  atoms  in  equi- 
librium under  the  action  of  their 
mutual  forces,  Stokes  and  others 
showed  that  all  the  results  of  this 
hypothesis,  so  far  at  least  as  they 
agreed  with  facts,  might  be  deduced 
from  the  postulate  that  elastic 
bodies  exist,  and  from  the  hypoth- 
esis that  the  smallest  portions  into 
which  we  can  divide  them  are 
sensibly  homogeneous"  (id.  ibid., 
p.   449). 
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scale,  and  the  amplitude  or  height  of  the  wave-motion 
of  which  decided  its  intensity.  There  was  floating  about 
the  vague  idea  that  heat  also  was  to  be  interpreted 
as  a  mode  of  motion;  still  vaguer  were  the  kinetic 
notions  as  to  electricity  and  magnetism ;  whilst  some 
early  attempts  to  explain  gravity,  not  as  an  inherent 
property  of  matter,  but  as  a  consequence  of  the  motion 
of  matter  itself,  which  was  possessed  merely  of  inertia, 
had  been  half  forgotten. 

There  is  no  doubt  that  the  successful  development  of 
the  undulatory  theory  of  light  induced  many  minds  to 
dream  of  an  ultimate  kinetic  explanation  or  interpretation 
of  all  natural  phenomena,  when  in  the  course  of  the 
third  quarter  of  the  century  this  direction  of  thought 
received  a  great  impetus  through  three  independent 
branches  of  research  of  a  purely  theoretical  kind.  These 
have  led  to  a  very  remarkable  development  of  the  kinetic 
view  of  nature ;  in  fact  it  is  mainly  through  them  that 
this  view  has  become  possible  not  only  in  special  depart- 
ments, but  on  a  universal  scale.  They  have,  each  in 
its  own  way,  led  to  a  great  extension  of  our  experi- 
mental knowledge ;  one  of  them  has  likewise  led  to  many 
practical  applications.  What  most  interests  us  here  is 
the  peculiar  direction  which  they  have  given  to  a  great 
volume  of  mathematical  and  physical  thought  of  our  day. 
The  first  of  these  lines  of  research  was  connected  with, 
and  grew  out  of,  the  atomic  hypothesis.  It  culminated 
in  the  kinetic  theory  of  gases,  in  which  the  names  of 
Joule,  Clausius,  and  Clerk  Maxwell  are  prominent.  Of 
I  this  I  have  treated  already  in  the  fifth  chapter.  It 
rests  on  a  study  of  the  average  effect    produced    by  a 
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swarm  of  bodies,  subject  to  a  transverse  movement  in 
straight  lines  like  projectiles,  and  continually  encounter- 
inc  each  other  on  their  way.    The  secoiid-line  of  research        24. 

"—  -r^  Vortex 

in  question  is  the  study  of  bodies  subject  to  rapid  move-  "motion, 
ment  round  an  axis,  but  immersed  in  a  medium  which 
is  itself  movable  like  water,  but  not  in  a  rotary  but 
merely  in  a  flowing  motion.  The  whole  series  of  in- 
vestigations which  started  by  defining  vortex  or  whirling 
motion  as  distinct  from  transverse,  flowing,  or  projectile 
motion,  and  from  vibratory  to  -  and  -  fro  motion,  was 
initiated  by  Helmholtz  in  1857  in  a  purely  mathe- 
matical paper,  and  then  applied  and  greatly  extended 
by  Sir  William  Thomson  in  the  conception  of  the  vortex 
atom.     The  third  branch  of  research  had   its  origin  in       25. 

- — "         -  .  Faraday'i* 

experimental  investigations  carried  on  for  many  years  on  researches, 
peculiar  lines,  and  quite  independently,  by  Faraday;  it 
was  put  into  mathematical  language  by  Clerk  Maxwell 
in  his  celebrated  treatise  on  electricity  and  magnetism 
which  appeared  in  1872.  It  will  be  my  object  to  show 
in  how  far  these  different  investigations  have  confirmed  | 
and  developed  the  kinetic  view  of  natural  phenomena. 
But  before  doing  this  it  will  be  well  to  realise  what 
specific  problems  presented  themselves  to  theoretical 
physicists  when  once  the  undulatory  conception  of  light 
had  taken  hold  of  their  minds ;  what  peculiar  difficulties 
were  involved;  and  into  what  distinct  new  lines  of 
reasoning  they  were  conducted. 

We  saw  above  that  when  the  gravitational  explana- 
tion of  a  large  class  of  phenomena  had  a  century  earlier 
gradually  gained  ground,  a  great  variety  of  researches 
was  suggested  by  it,  and  new  lines  of  reasoning  opened 
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26. 
Problems 
as  to  the 
nature  of 
the  ether. 


out,  which  in  the  course  of  the  eighteenth  century  com- 
bined to  establish  what  I  termed  the  astronomical  view 
of  nature.  The  undulatory  theory  of  light,  established 
by  Young  and  Fresnel  during  the  first  quarter  of  the 
nineteenth  century,  was  a  breaking  away  from  what 
then  seemed  to  many  Continental  philosophers  a  prom- 
ising line  of  thought,  a  unifying  principle  in  natural 
philosophy.  As  long  as  light  was  thought  to  consist  of 
particles,  however  minute,  which  were  projected  from 
luminous  centres,  the  mechanical  laws  of  impact,  of  at- 
traction and  repulsion,  could  be  applied ;  and  they  went 
a  considerable  way  in  apparently  explaining  the  ordinary 
phenomena  of  light,  such  as  motion  in  straight  lines,  re- 
flexion, and  refraction.  They  failed  indeed  in  the  case 
of  diffraction  or  inflection,  and  still  more  in  those  pheno- 
mena which  were  misleadingly  grouped  under  the  term 
polarisation.  The  new  theory  seemed  specially  adapted 
to  these  more  recently  discovered  phenomena,  but  it  had 
to  be  admitted  that  the  explanation  of  reflexion  and 
refraction  of  light  at  the  surface  of  polished,  transparent, 
or  opaque  bodies  met  with  considerable  difficulties.  The 
new  theory  had  introduced  the  conception  of  an  all- 
pervading,  apparently  imponderable  substance,  the  ether. 
The  reintroduction  of  this  conception  into  physical 
science  was  repugnant  to  many  thinkers  of  the  then 
prevailing  school,^  and  it  became  more  so  when  it  had — 

measured  the  speed  of  light  in 
various  media.  He  proved  that 
light  moves  faster  in  air  than  in 
water,  whereas  on  the  corpuscular 
theory  the  speed  of  light  in  water 
must  be  to  its  speed  in  air  as  4  to  3 
approximately.  "This  finalfy  dis- 
posed of  the  corpuscular  theory" 


^  One  of  the  crucial  tests  for 
deciding  between  the  corpuscular 
and  the  wave  theory  of  light  was 
the  relative  speed  with  which  light 
travels  in  air  and  in  water,  i.e.,  in 
a  refracting  substance.  Foucault, 
in  1850,  by  a  very  ingenious  method, 
improved     since      by     Mitchelson, 


for  the  purpose  of  serving  as  the  carrier  of  a  definite 
kind  of  wave  -  motion — to  be  endowed  with  most  mys- 
terious, seemingly  contradictory  properties.-^  Neverthe- 
less the  development  of  this  conception,  the  desire  to 
define  more  minutely  the  properties  of  this  fictitious 
substance  of  which  we  have  no  direct  perception,  came 
in  the  course  of  the  century  to  guide  more  and  more  the 
work  of  experimentalists  as  well  as  theorists.  We  meet 
with  objections  in  the  beginning,  when  the  conception  was 
first  introduced,  such  as  were  urged  by  many  chemical 
philosophers  when  Dalton  reintroduced  and  formulated 


(Tait,  'Light,' p.  192).  Sir  G.  G. 
Stokes  tells  us  "  that  in  a  course 
of  conversation  with  Sir  David 
Brewster,  who  had  just  returned 
from  France,  where  he  witnessed 
the  celebrated  expeiiment  by  which 
Foucault  had  just  proved  experi- 
mentally that  light  travels  faster 
in  air  than  in  water,  he  asked  him 
what  his  objection  was  to  the 
theory  of  undulations,  and  he 
found  he  was  staggered  by  the 
idea  in  limine  of  filling  space  with 
some  substance  merely  in  order 
that  '  that  little  twinkling  star,' 
as  he  expressed  himself,  should  be 
able  to  send  his  light  to  us " 
('Burnett  Lectures  on  Light,'  p. 
16). 

^  It  is  known  that  the  two  phil- 
osophers who  in  the  middle  of  the 
century  did  more  than  any  others  to 
introduce  the  positive  or  exact  spirit 
into  general  thinking  and  into 
philosophical  literature,  Auguste 
Comte  and  John  Stuart  Mill,  were 
both  opposed  to  the  theory  of  an 
ether.  Huxley,  in  speaking  of 
Comte,  exclaims :  "What  is  to  be 
thought  of  the  contemporary  of 
Young  and  of  Fresnel  who  never 
misses  an  opportunity  of  casting 
scorn  upon  the  hypothesis  of  an 
ether — the  fundamental  basis   not 


only  of  the  undulatory  theory  of 
light,  but  of  so  much  else  in 
modern  physics,  and  whose  con- 
tempt for  the  intellects  of  some  of 
the  strongest  men  of  his  generation 
was  such  that  he  puts  forward  the 
mere  existence  of  night  as  a  refuta- 
tion of  the  undulatory  theory  ? " 
(See  '  Philosophie  Positive,'  vol,  ii. 
p.  440,  and  Huxley,  *  Lay  Sermons,' 
p.  134.)  The  fourteenth  chapter 
of  Mill's  '  System  of  Logic,'  written 
originally  in  the  beginning  of  the 
'forties,  but  subsequently  anno- 
tated with  reference  to  some  of 
Whewell's  criticisms,  contains  a 
lengthy  discussion  of  the  hypoth- 
esis of  an  ether.  Mill  says  (vol.  ii. 
p.  21,  seventh  edition) :  "What  has 
most  contributed  to  accredit  the 
hypothesis  of  a  physical  medium 
for  the  conveyance  of  light  is  the 
certain  fact  that  light  travels,  that 
its  communication  is  not  instan- 
taneous but  requires  time,  and  that 
it  is  intercepted  by  intervening 
objects.  There  are  analogies  be- 
tween its  phenomena  and  those  of 
the  mechanical  motion  of  a  solid  or 
fluid  substance.  But  we  are  not 
entitled  to  assume  that  mechanical 
motion  is  the  only  power  in  nature 
capable  of  exhibiting  these  attri- 
butes." 
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the  atomic  view  of  matter.  Similar  uncertainties  in 
the  definitions  exist  in  both  theories  all  through  the 
century,  down  to  the  most  recent  times.  There  are 
those  who  still  look  upon  both  conceptions  as  merely 
convenient  symbolisms,  as  ideal  instruments  of  thought 
or  scientific  shorthand ;  and  on  the  other  side  we  have  it 
as  emphatically  stated,  that  the  question,  What  is  ether  ? 
"is  the  question  of  the  physical  world  at  the  present 
time,"  "  that  it  is  not  unanswerable,"  in  fact,  *•'  that  it 
is  not  far  from  being  answered,"  that  "it  is  probably 
a  sim.pler  question"  than  the  other  question.  What  is 
matter  ?  ^  The  whole  domain  of  physical  science  is  even 
divided  into  two  portions,  the  physics  of  matter  and  the 
physics  of  ether,^  and  the  older,  more  empirical,  and 
common  -  sense  divisions,  treating  separately  of  light, 
electricity,  and  magnetism,  are  assembled  in  one  great 
doctrine,  the  "  doctrine  of  the  ether."  It  is,  indeed, 
somewhat  astounding,  if  not  disheartening,  to  hear  at  the 
same  time  from  an  authority  who  has  done  more  than 
any  other  living  philosopher  to  enlighten   us   in   these 


^  Professor  0.  Lodge,  in  the 
Preface  to  the  first  edition  of 
'Modern  Views  of  Electricity,' 
p.  xi.  "  It  is  simpler,"  he  con- 
tinues, "partly  because  ether  is 
one,  while  matter  is  apparently 
many  ;  partly  because  the  presence 
of  matter  so  modifies  the  ether  that 
no  complete  theory  of  the  properties 
of  matter  can  possibly  be  given 
without  a  preliminary  and  fairly 
complete  knowledge  of  the  pro- 
perties and  constitution  of  undis- 
turbed ether  in  free  space.  When 
this  has  been  attained,  the  resultant 
and  combined  effect  we  call  matter 
may  begin  to  be  understood." 


2  See  inter  alia  Professor  Paul 
Drude's  'Physik  des  Aethers' 
(Stuttgart,  1894).  In  the  Preface, 
p.  vi,  he  speaks  of  the  philosophical 
"desire  of  using  the  same  funda- 
mental conceptions  for  the  physics 
of  the  sether  as  for  the  physics  of 
matter,  whereby  it  remains  an  open 
question  whether  it  is  more  service- 
able to  reduce  the  equations  in  the 
physics  of  the  sether  to  those  ex- 
pressions which  can  be  got  from 
the  observable  phenomena  in  the 
physics  of  matter  (the  equations 
of  dynamics),  or  whether  the 
opposite  road  can  be  chosen  with 
advantage." 


matters,  that  at  the  present  moment  he  knows  as  little 
as  to  the  true  nature  of  these  agencies  or  substances  as 
he  did  fifty  years  ago.^ 

Viewed  from  the  position  which  we  occupy  in   this 
history  of  thought — i.e.,  in  relation  to  the  development 
of  i(jeas — the  conception  of  an  ether  has,  however,  like 
the  atomic  theory,  had  the  most  marked   influence  on 
scientific  research  and  reasoning.     In  digging  for  a  hidden 
treasure,  in  trying  to  describe  the  atoms  or  the  ether, 
many  practically  useful  conceptions,  applicable  to  tangible 
phenomena,  have  been  discovered.     The  atomic  theory  I 
led  at  once  to  an  enormous  increase  of  our  knowledge  of 
different  forms  of  matter,  the  knowledge  of  the  elements, 
and  of  their  innumerable  possible  compounds.     The  con- 
ception of  the  ether  has  led  similarly  to  an  enormous  ex-    • 
tension  of  knowledge  of  the  different  possible  forms  of 
motion.     It  is  in  this  sense  that  we  are  greatly  indebted 
to  these  abstract  conceptions  :  both  have  guided  our  ideas 
in  trying  to  understand  and  grasp  the  endless  variety 
of  phenomena.     Let  us  see  how  from  the  early  years 
of    the    undulatory    theory    of    light    our    knowledge   , 
regarding  the  different  forms  of  motion  has  grown,  how 
that  theory  has  contributed  to  the  kinetic  view  of  nature. 


^  Lord  Kelvin,  in  referring  to 
fifty  years  of  scientific  labour,  said 
(see  the  publication  by  James 
Maclehose  &  Sons  of  the  proceedings 
at  his  jubilee  in  1896,  p.  70) :  "  I 
know  no  more  of  electric  and 
magnetic  force,  or  of  the  relation 
between  ether,  electricity,  and 
ponderable  matter,  or  of  chemical 
affinity,  than  I  knew  and  tried  to 
teach  to  my  students  of  natural 
philosophy  fifty  years  ago  in  my 


1 


first  session  as  professor.  Some- 
thing of  sadness  must  come  of 
failure ;  but  .  .  .  what  splendid 
compensation  for  philosophical  fail- 
ures we  have  had  in  the  admirable  ' 
discoveries  by  observation  and  ex-  • 
periment  on  the  properties  of  i 
matter,  and  in  the  exquisitely  \ 
beneficent  applications  of  science  \ 
to  the  use  of  mankind  with  which  ' 
these  fifty  years  have  so  abounded." 
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It  was  recognised  by  Young,  and  still  more  clearly  by 
Presnel,  that  the  medium  which  they  supposed  to  be  the 
carrier  of  light  could  not  have  the  ordinary  properties  of 
either  a  solid,  a  liquid,  or  a  gas.     It  offered  apparently 
no  resistance  to  the  motion  of  the  heavenly  bodies, 'its 
waves  were  not  like  those  which  in  air  produced  sound  ;  it 
propagated  its  waves  at  a  speed  much  greater  than  any 
other  velocity  known  at  that  time ;  at  the  same  time  the 
wave-motion  was  not  that  of  a  body  possessing  the  pro- 
perties of  a  gas — i.e.,  an  elastic,  compressible  fluid :  it  was 
/  that  of  a  body  offering  resistance  to- change  of  form  rather 
I  than  to  change  of  bulk.     It  was  evident  that  the  different 
properties,  which  we  see  roughly  assembled  to  constitute 
the  three   forms  of  ponderable   matter  with  which  we 
are  practically  acquainted,  the  solid,  the  liquid,  and  the 
gaseous,  cannot  be  assembled  in  any  similar  manner  in 
this  imponderable  substance,  the  ether.     It  was  bound  to 
have  inertia — i.^.,mass — otherwise  the  laws  of  motion  could 
not  be  employed  in  dealing  with  it,  and  mathematical 
thinking  about  it  would  be  impossible.      A  more  perfect 
description   of   the   elementary   movements   which    con- 
stituted light  evidently  required  a  minute  experimental 
study,  and  a  closer  mathematical  definition  of  the  dif- 
ferent properties  of   matter,  known  popularly  but  not 
very  clearly  under   the   terms  compressibility,   rigidity, 
27.       mobility,  elasticity,  viscosity,  &c.,  and  of  the   inter-de- 

The  theory  " 

of  elasticity,  pendcncc  of  these  clearly  defined  properties  one  on  the 
other.  Just  about  the  time  when  the  vibratory  theory 
of  light  began  to  be  seriously  entertained  by  natural 
philosophers,  a  beginning  had  also  been  made  in  this 
study:    the  theor}'  of  elasticity  had    been    founded    in 


France  by  Navier  and  Poisson.  One  of  the  greatest 
analysts  of  the  century,  Augustin  Cauchy,  had  like- 
wise applied  himself  to  it ;  and  when  Fresnel,  in  the 
year  1826,  brought  out  his  great  memoir  on  double 
refraction  in  crystals,  in  which  he  was  obliged  to  enter 
more  closely  into  the  properties  of  the  luminiferous  ether 
and  its  relation  to  ponderable  matter,  Cauchy  was  induced 
to  devote  himself  more  specially  to  the  mathematical 
problems  which  presented  themselves.  Before  his  time 
the  theory  of  elasticity  had  been  studied  more  as  con- 
nected with  questions  of  practical  engineering,  such  as 
the  strength  of  materials,  the  stability  of  buildings,  the 
construction  of  machines,  or  with  the  properties  of  musical 
and  sounding  bodies.  A  new  interest  was  created  by 
Fresnel's  researches.^  The  question  arose,  How  are  we 
to  describe  the  vibrations  of  an  imponderable  substance, 
endowed  with  mass  (density)  and  rigidity,  and  what  con- 
ceptions can  we  form  of  the  change  of  these  vibrations 
if  there  is  present  likewise  ponderable  matter?  Evi- 
dently upon  the  clearness  and  correctness  of  these 
notions  depends  the  explanation  of  the  phenomena  observ- 
able when  rays  of  light  fall  upon  the  surfaces  of  trans- 
parent or  opaque  bodies.  We  have  to  ask:  In  what 
terms  (viz.,  of  different  kinds  of  motion)  can  we  define 
and  describe,  and  accordingly  calculate  the  phenonema 
of  reflexion,  refraction,  scattering  (i.e.,  dispersion),  and 
absorption  {i.e.,  extinction)  of  light  ?     A  tolerably  clear 


sur  leur  repartition  reguliere  par 
rapport  a  certains  axes  ou  plans  de 
syin^trie  sent  ceux  du  grand  mine- 
ralogiste  allemand  Samuel  Christian 

sur  les    inegalit^s    d'^lasticit'ti   qui   I   Weis  "('M^m.  del'Acad.  de  Berlin,' 

peuvent  exister   dans  les  corps  et   I   1815). 


^  See  Verdet  in  '  (Euvres  de 
Fresuel,'  vol.  i.  p.  Ixxx  :  "  Les 
seuls  ecrits  ant^rieurs  k  Fresnel 
oil  Ton  trouve  des  notions  justes 
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definition  of  the  kind  of  motion  constituting  a  pencil  of 
homogeneous  light  in  the  free  ether  or  in  atmospheric 
air  had  been  given  by  Fresnel.  Experimentally  the 
velocity  of  a  wave-motion  of  this  kind  was  known  ;  it 
was  subsequently  ascertained  that  this  speed  was  not 
the  same  in  air  as  in  the  free  ether,  the  so-called 
vacuum.  It  was  also  known  that  this  speed  in  an 
elastic  medium,  such  as  the  ether  was  supposed  to  be, 
depends  upon  the  density  and  the  rigidity  of  the  medium. 
But  when  rays  of  light — i.e.,  the  wave-motions  of  the 
ether — arrive  at  the  surface  of  liquid  or  solid  bodies, 
various  changes  are  known  to  take  place.  These  changes 
had  been  to  some  extent  described  and  brought  into 
measurable  terms  by  experiment,  and  it  had  been  shown 
in  a  general  way  by  Huygens,  and  more  completely  by 
Fresnel,  how  these  observed  changes  of  reflexion,  refrac- 
tion, and  dispersion  could  be  translated  into  the  language 
of  the  vibratory  theory.  Complicated  and  yet  very  elegant 
geometrical  constructions,  at  which  Fresnel  arrived  by  an 
intuitive  or  tentative  process,^  enabled  the  course  of  rays 
inside  transparent,  doubly-refracting  substances,  such  as 
crystals,  to  be  calculated  ;  a  whole  geometry  of  rays  was 
developed  out  of  these  representations;  now  phenomena 


^  The  equation  of  the  wave-sur- 
face was  not  explicitly  given  by 
Fresnel  himself.  M.  Verdet  says 
(*  (Euvres  de  Fresnel,'  vol.  i.  p. 
Ixxv)  :  "  Fresnel  n'a  pu  lui-meme 
venir  a  bout  de  ces  difficultes  et  n'a 
8U  obtenir  I'equation  de  la  surface 
de  I'onde  qu'en  la  supposant  a  priori 
du  quatrieme  degre,  et  calculant  la 
valeur  de  ses  coefficients  de  maniere 
qu'ils  satisfissent  a  certaines  condi- 
tions faciles   a  deduire  de   la  con-* 


sideration  des  ondes  planes  normales 
aux  trois  plans  de  symetrie  du 
milieu.  Ampere  est  le  premier  qui 
ait  eflectud  le  calcul  d'une  maniere 
rigoureuse."  However,  "the  con- 
struction yields  the  wave-surface  in 
such  a  way  that  its  singularities 
are  not  obvious,  and  were  only  re- 
marked by  Sir  W.  R.  Hamilton 
several  vears  after  Fresnel's  death  " 
(Fletcher,  'The  Optical  Indicat- 
rix,'  p.  31). 
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of  refraction,  such  as  conical  refraction,  were  mathe- 
matically foretold  and  experimentally  verified.^  The 
real  physical  question,  however,  remained  unanswered; 
and  it  remains  only  partially  answered  up  to  the  present 
day.^  How  is  it  that  the  luminiferous  ether,  when  ex- 
isting inside  ponderable  matter,  like  air  permeating  a 
grove  of  trees — as  Young  put  it — is  so  changed  that  its 
waves  travel  with  variously  altered  speeds,  that  in 
different  directions  the  rays  acquire  different  pro- 
perties, are  differently  maintained  or  partially  extin- 
guished (absorbed)  ?  It  was  natural  to  suppose  that 
the  particles  of  ponderable  matter  must  in  some  way 
afiect  the  ether,  changing  its  density  or  its  rigidity,  and 
that  they  themselves  are  affected  by  the  movements 
of  the  ether  which  fills  their  interstices.  The  question 
can  only  be  exhaustively  answered  by  a  complete  know- 


^  The  subsequent  suggestion  of 
the  phenomena  of  inner  and  outer 
conical  refraction,  experimentally 
verified  by  Humphrey  Lloyd  in 
1833  (see  his  '  Miscellaneous  Papers,' 
No.  1,  or  Transactions,  Royal  Irish 
Academy,  vol.  xvii.),  was  popularly 
regarded  as  a  complete  proof  of 
the  correctness  of  the  wave-surface, 
and  of  Fresnel's  entire  theory.  But 
as  to  the  first  point,  Sir  G.  G. 
Stokes  showed  (Brit.  Assoc.  Report 
on  Double  Refraction,  1862,  p. 
270)  that  conical  refraction  "must 
l-»e  a  property  of  the  wave-sur- 
face resulting  from  any  reasonable 
theory."  And  as  the  wave-surface 
itself  can  be  geometrically  con- 
structed without  any  reference  to 
the  mechanical  theory  of  the  ether 
(as  Mr  Fletcher  has  most  exhaus- 
tively shown),  the  prediction  of 
conical  refraction  cannot  be  re- 
garded   as    a    proof    of    Fresnel's 


theory.  Todhunter-Pearson  says  : 
"But  for  Cauchy's  magnificent 
molecular  researches,  it  might  have 
been  possible  for  Fresnel  to  com- 
pletely sacrifice  the  infant  theory 
of  elasticity  to  that  flimsy  super- 
stition, the  mechanical  dogma,  on 
which  he  has  endeavoured  to  base 
his  great  discoveries  in  light. 
Cauchy  inspired  Green,  and  Green 
and  his  followers  have  done  some- 
thing, if  not  all,  to  reconcile  Fres- 
nel's results  with  the  now  fully 
developed  theory  of  elasticity,  the 
growth  of  which  his  dogma  at  one 
time  seriously  threatened  to  check  " 
('Hist,  of  Elasticity,'  vol.  i.  p. 
167). 

'■^  In  1862  Sir  G.  G.  Stokes  "  ex- 
pressed his  belief  that  the  true 
dynamical  theory  of  double  refrac- 
tion had  yet  to  be  found  "  (Report, 
p.  268). 
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The  problem 
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or  experi- 
mentally. 


30. 

Necessity  of 
combining 
the  two 
methods. 


ledge  of  the  mechanism  of  the  ether  on  the  one  side,  of 
ponderable  matter  on  the  other.     Two  ways  are  open  by 
which  a  solution  of  this  ultimate  or  fundamental  problem 
can   be   solved.     The   one  is  purely   mathematical.     It 
means  the  analysis  of  all  the  possible  modes  of  motion  of 
a  given  mechanical  system,  and  of  the  mutual  influence 
which  two  interconnected  mechanical  systems,  that  of  the 
ether  and  that  of  ponderable  matter,  exert  on  each  other. 
This  is  a  perfectly  definite  though  a  very  intricate  prob- 
lem.    It  is  a  problem  which  can  be  compared  with — 
though  it  transcends  in  complexity — the  analytical  prob- 
lem   suggested    by  the    gravitational   view  of    physical 
astronomy :  to  calculate  mathematically  the  movements 
of  any  number  of  bodies  attracting  each  other  according 
to   Newton's   formula.     The    other  way  is   the   experi- 
mental method  —  to  observe    how   under   methodically 
altered  conditions  rays  of  light  are  modified  in  colour 
(wave-frequency),  in  direction,  in  intensity  (amplitude  of 
wave-motion),  in  laterality  (polarisation),  and  in  other 
ways  ;  and  then  to  translate  these  conditions  and  altera- 
tions into  the  now   fairly  well-established  language  of 
the  vibratory  theory ;  gaining  in  this  way  indications  as 
to  the  changes  which  the  wave -motion  is  capable  of,  and 
inferring  from  these  possible  changes  the  original  con- 
stitution (usually  called  the  constants)  of  the  primary 
substances — the  ether  and  the  ponderable  matter  which 
come  into  interaction. 

It  may  in  general  be  stated  that  neither  of  these  two 
methods  has  for  any  length  of  time  been  pursued  alone, 
but  that  progress  has  nearly  always  depended  upon  an 
alternating  employment  or  a  combination  of  both.     On 


the  one  side  we  have  a  great  volume  of  purely  analytical 
reasoning    begun    by   Cauchy   in    France,    and    pursued 
under  varying  assumptions  by  Green  and  MacCullagh  in 
England,  by  F.  Neumann  and  others  in  Germany.     On 
the"  other  side  we  have  the  purely  experimental  work 
beginning  with  Wollaston  and  Brewster  in  England,  the 
refined  methods  for  measuring  the  speed  of  light  invented 
by  Fizeau  and  Foucault,  the  beautiful  contrivances  for 
experimental   research    and  verification    of    Jamin    and 
many   others.       Out    of    so    many    fruitful    conceptions 
which  have  resulted  in  an  enormous  accumulation  of  new 
knowledge  of  actual  phenomena  of  light  and  wave-motion 
—the  real  and  sole  end  and  aim  of  all  theory— I  will  for 
the  purpose  of  illustration  single  out  one  which  in  the 
middle  of  the  century  opened  out  an  entirely  new  field 
of  inquiry,  forming  almost  a  new  science  by  itself.     I 
refer  to  spectrum  analysis. 

The  phenomena  of  dispersion  (rainbow  scattering)  and 
absorption  (partial  or  complete  extinction)  of  light  were 
among   the   earliest  known,   and  had  been   among   the 
longest  studied,  properties   of  bodies.      Being,   besides, 
connected  with  the  physiological,  subjective,  and  artistic 
effects  of  light,  they  have   always  commanded   special 
interest.      And   yet,  so   far   as   either   the  emission   or 
the  undulatory  theory  is  concerned,  they  have   always 
presented   special  difficulties.     When   the   wave   theory 
was   first  propounded,  it  was  generally   understood   on 
the  analogy  of  the  phenomenon  of  sound  that  difference 
of  colour  depends  upon  difference  of  frequency,  or  where 
the  velocity  of  propagation  (as  in  vacuo  or  in  atmospheric 
air)  is  the  same,  on  the  length  of  the  waves.     The  diffi- 
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culty  arose  of  explaining  how  in  refracting  substances, 
be  they  fluid,  amorphous  (singly  refracting),  or  crystalline 
(including  doubly  refracting),  these  different  rays,  with 
different  wave  -  lengths,  come  to  travel  with  different 
velocities,  and  hence  take  different  courses ;  how,  further, 
some  of  these  rays  come  to  be  extinguished  or  reflected 
(or  both)  in  varying  degrees. 

Now,  although  the  complete  answer  to  this  general 
question  has  not  yet  been  given,  a  principle  has  been 
recognised  which  gives  us  a  clue  to  the  possible  explana- 
tion of  a  large  class  of  phenomena,  and  which  is  thus  of 
remarkable  fruitfuJness.  It  was  first  laid  down  by 
Euler,^  a  pure  mathematician,  whose  physical  reasoning 
was  frequently  suggestive  but  never  particularly  clear  and 
definite;  it  was  probably  first  applied  to  optical  phenomena 
by  Sir  George  Stokes ; ""  and  it  w^as  later  on  used  by  him 


^  In  the  last  section  of  his  treatise 
on  light  and  colours  ('  Berlin  Me- 
moirs,' 17-45  ;   published  in  Latin, 
1746),   Euler  treats   of   luminous, 
reflecting,   refracting,   and    opaque 
bodies,  and  he  there  mentions  the 
analogy  which  exists  with  musical 
resonance.    '  *  The  smallest  particles 
[of  opaque  bodies]  are   similar   to 
stretched  strings,  which  are,  as  it 
were,  specially  receptive  for  certain 
vibrations,  which  they  can  assume 
without  being  struck,  if  only  they 
are    affected     by    the    undulatory 
movement    of    the   air.      "In   his 
expositions  upon  light  and  colours, 
Euler  always  starts  with  the  analogy 
of  sound  and  light ;    he  follows  it 
with  absolute  consistency "  (Cher- 
buliez,   *  Euler's   physicalische   Ar- 
beiten,'  p.  44).     This  analogy  was 
exactly  what  was  absent  in  the  in- 
vestigations of  Brewster,  who  re- 
mained to  the  end  an  adherent  of  the 


projectile  theory.     Balfour  Stewart 
came  nearest  to  the  true  explana- 
tion in  his  memoir  of  1858  ('  Trans, 
of    the    Royal    Society    of    Edin- 
burgh,' 1861)  ;  but  this  referred  to 
radiant  heat  and  to  Prdvost's  theory 
of    exchanges.       It    contains    the 
words  :  "The  absorption  of  a  plate 
equals   its  radiation,  and   that  for 
every  description  of  heat"  (p.  13). 
Had  this  statement  been  distinctly 
applied  to  luminous  rays,  spectrum 
analysis  would  have  been  his  dis- 
covery,   although    his     theoretical 
proof    might   be   regarded    as    in- 
sufficient  (see    Scheiner's    treatise 
on      Astronomical      Spectroscopy, 
trausl.  by  Frost,  1894,  p.  112 ;  also 
Rosenberger's      *  Geschichte      der 
Physik,'  vol.  iii.,  1890,  p.  482  sq.) 

"  See  the  references  given  on 
p.  277  of  the  first  volume  of  this 
history. 


in  giving  a  mechanical  explanation  of  the  dark  and  bright 
lines  of  the  spectrum,  upon  which  Kirchhoff  and  Bunsen 
founded  spectrum  analysis  about  the  year  1860. 

Wollaston^  had  in  1802,  on  examining  the  solar 
spectrum  (the  succession  of  rainbow  colours  expanded  on 
a  white  screen  placed  behind  a  prism  of  white  glass 
through  which  a  narrow  beam  of  sunlight  is  made  to  pass), 
noticed  that  with  a  sufficient  enlargement  black  lines  in 
great  number  could  be  detected.  Fraunhofer,^  in  Munich, 
made  a  special  study  of  them,  named  them  by  letters  of 
the  alphabet,  and  compared  the  solar  spectrum  with  the 
spectra  of  artilicial  terrestrial  sources  where  light  is 
created  by  combustion  or  incandescence.  He  found  that 
these  spectra  differed,  the  peculiar  colour  exhibited  by 
various  flames  being  defined  in  the  spectra  by  special 
bright  lines  of  different  colours.  Thus  notably  the  two 
dark  lines  called  by  him  D  in  the  solar  spectrum  were 
replaced  in  the  spectrum  of  a  flame  in  which  a  volatile 
salt  of  sodium  was  present,  by  two  bright  lines  :  Brewster 
found  the  same  coincidence  of  others  of  Fraunhofer's 
lines  with  the  bright  lines  of  a  flame  in  which  nitre  was 
volatilised.  Very  similar  and  very  accurate  observations 
of  A.  Miller  as  to  the  identity  of  the  dark  lines  D  in  the 
solar  spectrum  with  the  two  bright  lines  of  the  sodium 
flame  were  explained  by  Sir  G.  Stokes  about  the  year 
1850  by  the  following  theoretical  reasoning:  The  sodium 
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Stokes. 


^  "  A  method  of  examining  re- 
fractive and  dispersive  powers  by 
prismatic  reflection"  ('Trans,  of 
the  Royal  Society,'  1802). 

*  Fraunhofer,  whose  epitaph, 
"  approximavit  sidera,"  describes 
beautifully  his  life-work,  was  led  to 
the  discovery  of  the  lines  named 


after  him  in  his  investigations  of 
the  ' '  refractive  and  dispersive 
powers  of  various  kinds  of  glass" 
for  the  purpose  of  improving  the 
achromatic  telescope  ('  Denkschrif- 
ten  der  Miinchener  Akademie,'  vol. 
i.,  1814-15). 
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flame  which  emits  the  two  bright  lines  in  its  own  spectrum 
destroys  them  (replacing  them  by  two  dark  lines)  in  the 
spectrum  of  a  ray  of  light  which  passes  through  the 
sodium  flame.^  Foucault  had  in  1849  already  shown 
the  direct  reversal  of  the  sodium  line  in  the  spectrum  of 
the  electric  arc.  These  earlier  anticipations  remained 
partly  unnoticed,  partly  unknown,  or  were  looked  upon 
as  isolated  cases,  and  it  was  reserved  for  Gustav  Kirch- 
hoff to  put  this  remarkable  property  of  emission  and 
absorption  of  special  colours  by  coloured  flames  into 
practical  language,  and  express  it  in  a  general  way.  He 
wrote  in  1859:-  "I  conclude  that  coloured  flames  in 
the  spectra  of  which  bright  lines  present  themselves,  so 
weaken  rays  of  the  colour  of  these  lines,  when  such  rays 
pass  through  them,  that  in  place  of  the  bright  lines,  dark 
ones  appear  as  soon  as  there  is  brought  behind  the  flame 
a  source  of  light  of  sufficient  intensity,  in  which  these 
lines  are  otherwise  wanting."  And  when  he  concluded 
further  that  the  dark  lines  of  the  solar  spectrum  which 
are  not  evoked  by  the  atmosphere  of  the  earth,  exist 
in  consequence  of  the  presence  in  the  sun's  atmosphere 
of  those  substances  which  in  the  spectrum  of  a  flame 
produce  bright  lines  at  the  same  place,  "  he  at  once  gave 


^  From  this  he  inferred  that  the 
presence  of  sodium  vapour  in  the  at- 
mosphere of  the  sun  would  explain 
by  absorption  the  two  dark  lines  in 
the  solar  spectrum.  Lord  Kelvin 
reports  that  in  consequence  of  this 
observation  of  Stokes  he  regularly- 
taught  his  Glasgow  students  that 
sodium  must  be  in  the  sun's  at- 
mosphere. See  the  reprint  of  the 
correspondence  on  this  subject  in 
the  '  Gesammelte  Abhandlungen '  of 


Kirchhoff,  1882,  p.  639,  where  it 
will  also  be  seen  that  Sir  W. 
Crookes  claimed  a  similar  anticipa- 
tion for  Miller  in  1846.  See  also 
Sir  W.  Thomsim's  ninth  Baltimore 
Lecture. 

'^  See  the  translations  of  Fou- 
cault's  and  Kirchhoff's  memoirs 
sent  by  Sir  G.  Stokes  to  the 
*  Philosophical  Magazine '  of  March 
1860,  p.  194  sqq. 


birth  to  two  great  applications  of  his  principle — the 
search,  through  the  study  of  the  spectra  of  distant  stellar 
sources  of  light,  after  the  ingredients  which  are  present 
in  those  distant  luminaries,  and  the  search,  through  the 
study  of  the  flames  of  terrestrial  substances,  for  new 
spectral  lines  announcing  yet  undiscovered  elements."  ^ 
Whilst  in  these  two  independent  directions  an  enormous 
amount  of  new  knowledge  has  been  accumulated,  the 
mechanical  explanation  through  which  Sir  G.  Stokes 
anticipated  these  phenomena,  and  the  further  applications 
of  this  priugiple  by  him,  have  done  much  to  confirm  the 
conviction,  that  in  looking  upon  light  as  a  vibratory  mode 
of  motion,  we  are  on  the  road  towards  an  adequate 
description  of  these  phenomena. 


^  To  this  principle  we  owe  the 
spectrum  analysis  of  stellar  at- 
mospheres and  the  discovery  of 
new  chemical  elements,  of  which 
no  fewer  than  six  have  been  iden- 
tified by  this  method,  beginning 
with  caesium  and  rubidium  (found 
by  Kirchhoff  and  Bunsen  in  the 
waters  of  some  mineral  springs). 
The  suggestion  of  Doppler,  men- 
tioned above  (p.  10,  note),  has  only 
become  fruitful  through  the  inven- 
tion of  the  spectroscope.  Colour 
ditterences  originating  through  the 
change  of  the  frequency  of  vibra- 
tions depending  on  cosmical  veloc- 
ities in  the  line  of  sight,  could 
not  be  discovered  by  the  most 
sensitive  eye.  In  the  spectrum, 
however,  shown  by  the  spectro- 
scope, "  not  only  the  colours  of  the 
bright  lines  have  been  altered,  but 
their  position  in  the  spectrum 
relatively  to  a  fixed  point  of 
reference  as  well.  .  .  .  The  measure- 
ment of  the  displacement  of  spectral 
hue>  in  consequence  of  the  altered 
refraugibility  of  the  rays  is  the  only 

VOL.  II. 


method  yet  known  which  possesses 
sufl&cient  accuracy  for  determining 
the  motions  of  objects  in  the  line 
of  sight.  Tims  far  it  has  not  been 
possible  to  produce  in  the  laboratory 
velocities  high  enough  to  occasion 
a  perceptible  displacement  of  the 
lines"  (Scheiner,  loc.  cit.j  p.  148). 
And  as  Doppler 's  principle  in 
acoustics  was  proved  directly  by 
Buys  Ballot  through  the  whistle  on 
moving  railway  trains,  so  it  has 
been  proved  directly  in  optics  by 
observing  the  displacement  in  the 
lines  of  the  solar  spectrum,  when 
this  is  derived  from  the  outer  rays 
of  the  sun's  disc,  the  light-giving 
parts  moving  in  the  line  of  sight 
towards  or  away  from  the  observer 
in  consequence  of  the  rotation  of 
the  sun  round  its  axis.  "  The  re- 
sulting velocity  of  the  surface  of 
the  sun  is  found  to  agree  very 
closely  with  the  results  of  direct 
observations  of  the  revolution  of 
the  spots,  thus  practically  furnish- 
ing a  proof  of  the  correctness  of 
Doppler's  principle  "  (ibid.,  p.  149). 
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"VVe  have  seen  above  how  the  vibratory  theory  of  light 
was  arrived  at — mainly  in  the  hands  of  Young — through 
dwelling  on  the  analogy  of  certain  optical  phenomena, 
notably  those  of  interference,  with  the  properties  exhibited 
by  sound.    Among  the  latter  none  were  more  remarkable 
than  those  known  popularly  as  consonance  and  resonance. 
Sir  George  Stokes,  on  the  appearance  of  Kirchhoff' s  memoir 
on  the  relation  of  emission  and  absorption  of  certain  rays 
of  light,  gave  the  mechanical  explanation  in  the  following 
words  :  ^  "In  describing  the  result  of  a  prismatic  analysis 
of    the   voltaic   arc  formed  between  charcoal  poles,  M. 
Foucault  '  found  that  the  arc  presents  us  with  a  medium 
which  emits  the  rays  D  on  its  own  account,  and  which  at 
the  same  time  absorbs  them  when  they  come  from  another 
quarter.'  .  .  .  The  remarkable  phenomena  discovered  by 
Foucault,  and  rediscovered  and  extended  by  Kirchhoff, 
that  a  body  may  be  at  the  same  time  a  source  of  light, 
giving  out  rays  of  a  definite  refrangibility,  and  an  ab- 
sorbing medium  extinguishing  rays  of  the  same  refrangi- 
bility which   traverse   it,  seems   readily  to   admit  of  a 
dynamical  illustration  borrowed  from  sound.      We  know 
that  a  stretched  string  which  on  being  struck  gives  out  a 
certain  note,  is  capable  of  being  thrown  into  the  same 
state  of  vibration  by  aerial  vibrations  corresponding  to  the 
same  note.     Suppose  now  a  portion  of  space  to  contain  a 
great  number  of  such  stretched  strings,  forming  thus  the 
analogue    of    a   'medium.'      It  is  evident   that   such  a 
medium,  on  being  agitated,  would  give  out  the  note  above 
mentioned,  while  on  the  other  hand,  if  that  note  were 
sounded  in  air  at  a  distance,  the  incident  vibrations  would 

1  'Phil.  Mag.,'  March  1860,  pp.  194,  196. 
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throw  the  strings  into  vibration,  and  consequently  would 
hemselves    be   gradually  extinguished,  since   otherwise 
here  would  be  a  creation  of  vis  viva.     The  optical  applica- 
tion of  this  Illustration  is  too  obvious  to  need  comment." 
Already    ten    years    before    Kirchhoff  gave    to    the 
researches  into  the  spectrum  their  popular  celebrity  and 
practical  importance,  Stokes  ^  had  made  an  extensive  ex- 


..     The  memoir  of  Sir  G.  Stokes 
on   the  change  of   the  refrangi- 
Wity  of    hghV    in    the    'PhilL 
Transactions'  (May  1852),  forms  a 
landmark   m   optical    science,   and 
whilst  dealing  with  the  less  obvious 
-though  very  frequent  and  general 
-phenomena   of  fluorescence   and 
phosphorescence,    really    indicated 
the  hne  of    reasoning   which    has 
become  so  fruitful  and  suggestive 
in   his    own    hands  and    in    those 
or    other    eminent    natural    phil- 


osophers       On   page   549   of   that 
memoir  he  wrote:    "All  believers 
in  the  undulatory  theory  of  licjht 
are  agreed   in   regarding  the   pro- 
duction of  light  in  the  first  instance 
as    due    to    vibratory   movements 
among   the   molecules  of  the  self- 
Jummousbody.  .  .   .   Nothing  then 
seems  more  natural  than  to  suppose 
that  the  incident  vibrations  of  the 
luminiferous   ether  produce  vibra- 
tory movements  among  the  ultimate 
molecules   of  sensitive  substances, 
and  that    the   molecules   in  turn 
swinging  on  their  own  account,  pro- 
duce vibrations  in  the  luminiferous 
ether,  and  thus  cause  the  sensation 
f  light       The   periodic   times   of 
these  vibrations  depend  upon  the 
Penods  in  which  the  molecules  are 
disposed   to   swing,   not  upon   the 
periodic  time  of  the  incident  vibra- 
tions. '      Referring,    then,    to  the 
dynamical  difficulties  which  attach 
to  such  a  view,  he  proceeds  to  point 
out      that  we  have  no  right  to  re- 
gard  the   molecular   vibrations  as 


I   ^"definitely  small.      The  excursions 
ot  the  atoms  may  be,  and  doubtless 
are     excessively    small     compared 
with   the   linear   dimensions   of    a 
complex    molecule.       It    is     well 
known  that  chemical  changes  take 
place  under  the  influence  of  light 
especially  the  more  refrangible  ravs' 
which  would  not  otherwise  happen' 
In  such  cases  it  is  plain  that  the 
molecular  disturbances  must  not  be 
regarded     as     indefinitely     small, 
iiut  vibrations  may  very  well  take 
place    which    do    not    go    to    the 
length  of  complete  disruption  and 
yet  which  ought  by  no  means  to  be 
regarded  as  indefinitely  small.  .  .  . 
Certeinly  we  cannot  affirm  that  in 
the  disturbance  communicated  back 
again   to    the    luminiferous    ether 
none  but  periodic  vibrations  would 
be     produced     having    the    same 
period   as  the  incident  vibrations. 
Kather,    it   seems    that  a  sort   of 
irregular  naotion  must  be  produced 
m  the  molecules,  periodic  only  in 
the  sense  that  the  molecules  retain 
the  same  mean  state ;  and  that  the 
disturbance  which  the  molecules  in 
turn    communicate    to    the    ether 
must  be  such  as  cannot  be  expressed 
by   circular  functions  of   a   given 
period,  namely,  that  of  the  incident 
vibrations  "     Stokes  then  refers  to 
the  probable  internal  vibration  of 
the  atoms  in  the  compound  mole- 
cules, as  "  it  is  chiefly  among  organic 
compounds  .  .   .  having  a  compli- 
cated structure  that  internal   dis- 
persion  (fluorescence)  is  found  " 
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35. 
Explana- 
tion of 
fluorescence. 


amination  into  the  question  how  vibrations  of  the 
]uminiferous  medium  can  be  mechanically  transferred  to 
the  compound  molecules  of  a  transparent  body,  and 
retransferred  again  to  those  of  the  ether  itself  —  i.e., 
the  question  of  the  absorption  and  emission  of  light.  He 
showed  that  vibrations  of  a  certain  period,  corresponding 
to  a  definite  tint  of  colour,  could  eventually  give  rise  to 
vibrations  of  altered  period  in  the  emitted  light;  that 
this  period,  however,  must  always  be  longer — i.e.,  that 
the  new  colour  must  always  be  of  a  lower  order  in  the 
scale  of  refrangibility.  He  was  thus  not  only  able  to 
explain  mechanically  the  peculiar  luminosity  which  he 
termed  fluorescence,^  and  which  had  been  observed  bv 
Herschel  and  Brewster  in  certain  minerals  and  solutions, 
and  independently  studied  by  E.  Becquerel  in  France, 
but  he  also  showed  how,  by  means  of  such  substances, 
rays  of  light  which,  owing  to  the  frequency  of  their 
vibrations,  transcend  the  perceptive  powers  of  the 
human  eye,  can  be  made  visible  by  giving  rise  to 
secondary  waves  of  less  frequency.     The  line  of  reason- 


^  The  term  fluorescence  was 
coined  by  Sir  G.  Stokes  by  analogy 
with  opalescence  as  involving  no 
theoretical  suggestion,  in  place  of 
the  earlier  names  of  "internal 
dispersion"  or  "epipolised  light" 
used  by  Brewster  and  Herschel. 
He,  however,  very  soon  favoured 
the  term  "degraded  light,"  sug- 
gested by  William  Thomson  (Lord 
Kelvin)  (see  the  second  memoir, 
1853,  p.  387).  The  latter  was  at 
that  time  occupied  with  his  cele- 
brated and  not  less  epoch-making 
researches  referring  to  the  dissipa- 
tion or  degradation  of  energy,  of 
which  more  in  the  next  chapter.  If 
we   remember  that  fifty  years  ago 


the  term  radiation  was  not  yet 
generally  used  to  embrace  the 
invisible  chemical  (ultra-violet)  and 
caloric  (infra-red)  rays  ;  that  photo- 
graphy, which  more  than  any  other 
process  has  familiarised  us  with 
chemical  radiation,  was  a  compara- 
tively recent  invention  ;  that  the 
ideas  of  conservation,  conversion, 
and  degradation  of  energy  were 
quite  new ;  that  the  general  term 
energy  had  not  even  been  invented, 
— we  must  indeed  regard  the  words 
of  Sir  G.  Stokes  as  containing  a 
prophetic  programme  of  the  ideas 
and  problems  of  the  whole  subse- 
quent period  down  to  quite  recent 
times. 


ing  here  employed  gave  the  clue  to  all  subsequent 
attempts  to  deal  with  the  difficult  problem  of  the  inter- 
action of  the  ether  and  ponderable  matter;  of  the  pos- 
sible alteration  of  the  density  or  the  rigidity  (called  the 
elastic  constants)  of  the  ether  when  filling  the  interstices 
of  transparent  bodies  ;  of  the  mechanical  differences  which 
make  some  bodies  transparent  for  some  and  opaque  for 
other  rays  of  light.  Many  possible  modifications  were 
theoretically  foreseen,  giving  rise  to  remarkable  unex- 
pected phenomena,  and  these  were  frequently  verified  by 
subsequent  experience.  The  whole  theory  of  light 
entered  upon  a  new  phase  as  it  became  more  and  more 
evident  that  the  study  of  the  vibrations  of  the  elastic 
medium  was  not  sufficient,  but  that  it  must  be  supple- 
mented by  that  of  the  interaction  of  two  vibrating 
systems,  the  ether  and  the  molecules  of  the  ponderable 
substance,  which  give  rise  to  the  phenomena  of  partial 
reflexion,  refraction,  dispersion,  and  partial  or  complete 
absorption.  This  more  complicated  problem  in  the 
theory  of  elasticity  had  already  presented  itself  in  its 
simpler  form  in  the  theory  of  the  pendulum.  To  the 
principle  of  optical  consonance  which  had  been  employed 
to  explain  the  phenomena  of  absorption  of  light  was 
added,  in  order  to  explain  the  phenomena  of  disper- 
sion, the  principle  of  the  free  and  forced  vibrations 
of  a  vibrating  system.^ 


^  "  If  to  the  bob  of  a  pendulum, 
executing  horizontal  vibrations, 
another  pendulum  be  attached,  exe- 
cuting vibrations  of  a  slightly 
shorter  period,  the  effect  of  the 
latter  will  be  to  iiicrease  the  period 
of  the  former  and  vice  versa"  (see 
A.  S.  Percival,  'Optics/  1899,  p.l81). 


Anomalous  dispersion  such  as  was 
foreseen  by  Sellmeier  and  Lord 
Kelvin  and  discovered  bv  Christi- 
ansen  and  Kundt  depends  on  the 
change  of  wave  frequency  indepen- 
dent of  the  change  of  wave  length 
in  refracting  media. 


:  » 
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viewlnhe  ■'•^^  latest  discussion  of  this  form  of  the  elastic-soHd 
-efJLtr''  theory  of  light,  which  was  gradually  developed  from 
^'^^^^'  independent  beginnings  in  the  three  countries,^  is  to  be 


^  In  France  and  Germany,  where 
even  in  the  middle  of  the  century 
the  labours  of  English  natural  phil- 
osophers   like    Green,    M'Cullagh, 
Stokes,  were  only  very  imperfectly 
known,  the  necessity  was  equally 
felt  of  studying  the  interaction  of 
the  ether  and  ponderable   matter. 
In  France  the  school  of  the  eminent 
"elastician,"  Barre  de  St  Venant, 
produced  iuM.  Boussinesq  the  author 
of  the  earliest  published  attempt  to 
solve  the  diflBculties  which  the  older 
methods  of  Cauchy  had  not  over- 
come.   In  a  lucid  review  of  the  state 
of   physical   optics,   Saint    Venant 
himself    ('Ann.   de    chimie    et    de 
Physique,"  4""^  serie,  vol.  25,  1872) 
hails  with  delight  the  researches  of 
M.  Boussinesq  from  1865  onward, 
where  the  idea  that  the  ether  in  the 
interstices  of  transparent  bodies  has 
different  elastic  constants  is  given 
up,   and   the  participation   of   the 
ponderable  matter  in  the  vibrations 
is  introduced  in  its  place.      "En 
effet,"  he  says,  "il  est  bien  difficile 
de  concevoir,  d'une  part,  que  I'ether 
puisse  ^tre  agite  au  sein  d'un  corps 
dont  la  densite  est   probablement 
bien   superieure  k  la  sienne,  sans 
lui  communiquer  une  fraction  sens- 
ible de  sa  quantite  de  mouvement, 
et  d'autre  part,  que  les  ondes  ne 
soient  pas  bientot  eteintes  par  cette 
participation  de  la  matiere  ponder- 
able au  mouvement  s'il  n'y  a  pas 
concordance  entre    les  oscillations 
imprimees   h.  chaque    molecule   de 
cette  matiere  et  celles  de   I'ether 
qui     I'environne."       It     was     the 
problem  of  the  continuity  at   the 
interface  of  reflecting  and  refracting 
substances  and  the  problem  of  ab- 
sorption   which    the   older    simple 
ether  theories  could   not   explain. 


In  Germany  a  similar  impulse  was 
given  to  the   study   of  the  inter- 
action  of  elastic  systems — as  indeed 
to  many  problems  of  mathematical 
physics — by  Franz  Neumann,  who 
was  the  centre  of  a  numerous  and 
influential  school.      He  taught  at 
Konigsberg  together  with  Richelot 
and  Bessel.    His  lectures  have  l^en 
edited  by  his   pupils.     Prof.   Karl 
Pearson,  in  liis  continuation  of  Tod- 
hunter's  *  History  of  the  Theory  of 
Elasticity,'  does  ample  justice  to  the 
labours  of  Neumann,  who,  "  in  his 
investigations   on    photo  -  elasticity 
and  the  elasticity  of  crystals,  breaks 
almost    untrodden    ground,    which 
both  physicists  and  mathematicians 
have  hardly  yet  exhausted"  {loc.  cit., 
vol.  ii.  2,  p.  183).     -'Neumann  was 
among  the  first  (1841, 'Abh.der  Ber- 
liner Akademie')  to  attribute  disper- 
sion to  the  influence  of  the  ponder- 
able particles  on  the  particles  of  the 
ether"   (ibid.,  p.    31).      The  most 
important  original  contributions  of 
Neumann's  pupils  are  the  researches 
of  Sellmeier,  who  had  been  led  by 
theoretical   considerations  in  1866 
to  expect  certain  anomalies  in  the 
phenomena  of  dispersion,  such  as 
were  in  1870  actually  discovered  by 
Christiansen,  and  fully  investigated 
by  Kundt.     Surface  coloration  was 
shown  to  be  intimately  connected 
with  the  absorptive  powers  in  sub- 
stances  showing   these    anomalous 
phenomena.    A  full  report  on  these 
and  other  theories,  based  upon  what 
has  been  termed  abroad  the  "Bessel- 
Sellmeier    hypothesis "    (see    Ket- 
teler,  *  Theoretische  Optik,'  188.5), 
will  be  found  in  Prof.  Glazebmok's 
"  Report     on     Optical     Theories," 
Brit.  Assoc.  Reports,  1885. 


found  in  Lord  Kelvin's  celebrated  Baltimore  Lectures,^        s7. 

Lord 

where  with  unlimited  resourcefulness  the  methods  of  j^gg^rches 
analogy,  analysis,  and  experiment  are  employed  to  solve 
or  to  define  the  intricate  problems  of  physical  optics. 
Xor  is  it  a  merely  fortuitous  coincidence  for  the  history 
of  thought  that,  whilst  his  mind  must  have  been  filled 
with  the  many  illustrations  and  mechanical  devices,  and 
all  the  wealth  of  suggestions  contained  in  the  Baltimore 
Lectures,  Lord  Kelvin  should  have  delivered  the  opening 
address  to  the  mathematical  section  of  the  British  Asso- 
ciation, entitled,  "Steps  towards  a  Kinetic  Theory  of 
Matter."  Following — as  did  also  Clerk  Maxwell — on 
the  lines  indicated  by  Stokes's  earlier  papers,  he  has  done 
much  to  change  our  fundamental  conceptions  as  to  the 
properties  of  matter,  and  this  in  two  distinct  ways. 
The  first  consisted  in  breaking  down  the  rigid  barriers 
which  popular  definitions  had  set  up  between  the  dif- 
ferent forms  of  aggregation — the  solid,  liquid,  and  gaseous 
states  of  matter;  whilst  the  second  tended  to  show^  how 


^  The  Baltimore  Lectures  were 
delivered  by  Lord  Kelvin  (then  Sir 
W.  Thomson)  after  the  meeting  of 
the  British  Association  at  Montreal 
in  the  month  of  October  1884,  at 
the  Johns  Hopkins  University,  be- 
fore a  company  of  physicists.  The 
final  edition  of  these  important  and 
highly  suggestive  conferences  is  in 
the  press  as  the  fourth  volume  of 
the  collected  mathematical  and 
physical  papers.  The  completion 
of  this  publication  is  eagerly  ex- 
pected, as  containing  the  most 
mature  exposition  of  the  elastic- 
solid  theory  of  light,  towards  which 
tlie  author  has  in  the  course  of  the 
last  fifteen  years  made  various  valu- 
able additions.     Notably  in  a  paper 


dated  1888,  published  in  the  *  Phil- 
osophical Magazine,'  he  has,  as  it 
has  been  said,  "  extricated  the 
elastic  theory  from  the  position  of 
deadlock,  according  to  which  the 
ether  must  be  both  compressible 
and  incompressible,"  by  showing 
that  the  difficulty  can  be  met,  "  pro- 
vided we  either  suppose  the  medium 
to  extend  all  through  boundless 
space,  or  give  it  a  fixed  containing 
vessel  as  its  boundary."  Prof. 
Glazebrook  has  further  worked  out 
the  consequences  of  this  suggestion. 
See  vols.  26  and  27  of  the  5th  series 
of  the  *Phil.  Mag.,'  also  'Nature,' 
vol.  40,  1889,  p.  32,  and  Fletcher, 
the  '  Optical  ludicatrix,'  p.  6,  &c. 
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the  supposed  static  properties  of  matter  could   be  ex- 
plained   by    different    modes    of    motion,    translational 
periodic,  or  rotational.     The  mathematical  and   experi- 
mental   investigations    connected   with    the    theory   of 
radiations  and   vibrations  had    thus    an    influence  i   on 
our  general  views  of  the  nature  of  physical   processes 
which  far  exceeded  the  aims  for  which  they  were  origi- 
nally undertaken.     That  a  substance  so  attenuated  as  the 
ether  should  have  the  properties  of  a  solid ;  that  brittle 
substances  like  pitch   should   flow  like   liquids,  if  only 
sufficient    time   were    given;    that    towards  very   rapid 
impulses  gases  and  liquids  might  behave  as  solids-all 
these  observations  resulted  in  a  complete  revolution  of 
our  scientific  notions  as  well  as  of  our  vocabulary.     The 
great  turning-point,  indeed,  lay  in  the  kinetic  theory  of 
gases,  which  about  the  middle  of  the  century  had  intro- 
duced quite  novel  considerations   by  showing  how  the 
dead  pressure  of  gases  and  vapours  could  be  explained  on 
the  hypothesis  of  a  very  rapid  but  disorderly  transla- 
tional    movement   of    the    smallest    particles    in    every 
possible  direction.     Pressure  of  gases  having   been  ex- 
plained  by  a   very   rapid  motion  of    the    minute   par- 
ticles of  matter,  heat  was  immediately  conceived  to  be 
merely  a  "  mode  of  motion."     As  no  event  did  more  to 
spread   modern   views  in   the   theory  of  light,  and    to 
popularise   modern  scientific  methods,  than  Kirchhofl's 


It  has  been  as.serted  that  the 
theory  of  elasticity  received  a  great 
impulse  when  Fresnel  was  forced  to 
make  assumptions  as  to  the  mode  of 
vibrations  of  the  ether  which  were 
quite  incompatible  with  the  then 
accepted  laws  of  the  vibrations  of 


an  elastic  medium.  To  this  view  of 
the  origin  of  the  modern  theory  of 
elasticity  Prof.  Karl  Pearson  takes 
exception,  as  Navier's  memoir  of 
1827  was  not  suggested  by  optical 
investigations  (Todhunter-Pearson, 
vol.  ii.  2,  p.  5). 


38, 
Tyndall's 


and  Bunsen's  spectrum  analysis,  so  in  the  closely  related 
doctrine  of  heat,  probably  no  publication  did  more  to 
establish  a  general  kinetic  view  of  matter  and  of  natural 
phenomena  than  Tyndall's  celebrated  treatise,  '  Heat  as 
a  Mode  of  Motion.'  In  spite  of  the  criticisms  which  *HeIt" 
have  been  levelled  against  this  expression,^  the  book, 
which  appeared  in  1863,  was  to  the  popular  mind  a 
revelation ;  it  was  translated  into  many  foreign  languages, 
ran  through  many  editions,  was  recommended  by  thinkers 
of  the  first  order,  and  the  title  coveted  as  "  manifesting 
far  and  wide  through  the  world  one  of  the  greatest 
discoveries  of  modern  philosophy."  ^  It  is  the  popular 
herald  of  the  kinetic  or  mechanical  view  of  nature. 

The   same   great    authority    who    has    so    generously 
referred  to  Tyndall's  treatise — Lord  Kelvin — had  been  Kei^n's 

vortex 

inspired  from  quite  a  different  quarter  to  suggest  the  ^X^/' 
most  advanced  conception,  in  this   line  of  thought,  of 
which   the  human  mind  has  so  far  been  capable :   the 


I  . 


Lord 


39. 


^  Notably  by  Prof.  P.  G.  Tait ; 
see  his  volume  on  'Heat,'  p.  350, 
also  his  'Recent  Advances  of 
Physical  Science,'  which  contains 
as  an  appendix  his  lecture  on 
"Force,"  delivered  in  Glasgow  on 
the  occasion  of  the  meeting  of 
the  British  Association.  He  says 
there  :  "  Heat  and  kinetic  energy 
in  general  are  no  more  modes  of 
motion  than  potential  energy  of 
every  kind  is  a  mode  of  rest.  ' 
'"Heat  is  not  the  mere  motions, 
but  the  energy  of  these  motions." 
There  is  no  doubt  that  the  terms 
force  and  motion  can  be  used  in 
very  different  meanings,  and  that 
the  early  expounders  of  the  me- 
chanical theory  of  heat  have  not 
heen  always  consistent  in  the  use 
of  words  ;  though  their  ideas,  wher- 
ever they  appeared  in  mathematical 


expressions,  were  definite  enough. 
A  good  deal  of  vagueness  has  ac- 
cordingly crept  into  popular  text- 
books and  into  philosophical  treat- 
ises, and  criticisms  such  as  those 
of  Prof.  Tait  have  been  useful  in 
helping  us  towards  clearer  con- 
ceptions. We  shall  come  across 
more  of  these  instances  in  the  next 
chapter  when  dealing  with  the 
gradual  evolution  of  the  conception 
of  energy. 

^  See  Lord  Kelvin's  abstract  of 
lecture,  "  Elasticity  viewed  as 
possibly  a  Mode  of  Motion,"  1881  ; 
'Popular  Lectures,'  &c.,  vol.  i.  p. 
142.  "I  have  always  admired  it" 
(viz.,  Tyndall's  title) ;  "  I  have  long 
coveted  it  for  elasticity,  and  now, 
by  kind  permission  of  its  inventor, 
I  have  borrowed  it  for  this  dis- 
course. " 
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40. 

Helmholtz's 
investiga- 

tiOQS. 


vortex  theory  of  matter.  As  this  is  one  of  the  most 
remarkable  instances  of  the  fruitful  reaction  of  abstract 
mathematical  reasoning  on  the  progress  of  physical  re- 
search, it  will  be  useful  to  consider  for  a  moment  by 
what  gradual  steps  this  novel  idea  was  evolved  or 
sucrcrested.  The  immediate  occasion  which  led  to  it  was 
the  publication,  in  1858,  by  Helmholtz  of  a  purely 
mathematical  investigation  of  some  peculiar  forms  of 
fluid  motion.^  About  a  hundred  years  before  Helmholtz 
published  his  memoir,  Euler  had  laid  the  foundation  of 
theoretical  hydrodynamics — i.e.,  of  the  theory  of  the 
motion  of  fluids.     In  doing  so,  it  was  necessary  to  define 


*  Helmholtz's  memoir,  "  Ueber 
Integrale  der  hydrodynamischea 
Gleichungen  welche  den  Wirbel- 
bewegungen  entsprechen,"  appeared 
in  the  5oth  volume  of  Crelle's 
'Journal  fiir  die  reine  und  ange- 
wandte  Mathematik. '  It  was  trans- 
lated into  English  by  Prof.  Tait  in 
the  '  Philosophical  Magazine '  for 
1867.  Helmholtz's  occupation  with 
the  subject  had  originated  in  the 
acoustical  researches  which  he  was 
carrying  on  at  the  time.  These 
necessitated  an  analysis  of  the 
more  complicated  conditions  which 
the  motion  of  incompressible  and 
elastic  fluids  presents  in  actual 
experience.  The  hydrodynamical 
equations  had  been  solved  under 
certain  simplifying  assumptions. 
Discontinuity  of  motion  and  in- 
ternal friction  had  been  left  out 
of  consideration.  Helmholtz's  re- 
searches led  him  to  the  study  of 
these  more  complicated  phenomena ; 
and  he  successfully  applied  the 
mathematical  methods  which  had 
proved  useful  in  other  branches  of 
physical  science  for  the  solution  of 
these  problems.  Notably  in  the 
paper  on  whirling  motion,  he  came 


upon  very  remarkable  and  unex- 
pected results,  which  ten  years  later 
led  in  this  country  to  the  novel 
speculations  of  Lord  Kelvin.  It  is 
interesting  to  note  how  at  that 
time  researches  in  England  or  Ger- 
many could  for  many  years  remain 
unnoticed  in  the  other  country. 
The  result  was  that  the  same  prob- 
lems were  frequently  taken  up  in 
ignorance  of  the  fact  that  they  liad 
been  treated  before.  See  Hicks's 
"  Report  on  Hydrodynamics,"  '  Brit.  ( 
Assoc.  Reports,'1881-82.  Especially  \ 
the  labours  of  Stokes  seem  to  have 
been  little  known  to  German 
writers,  who  usually  started  from 
the  better-known  French  researches. 
Stokes  had  anticipated  some  of 
Helmholtz's  results  referring  to 
whirling  and  discontinuous  motion 
of  fluids.  About  the  middle  of  the 
century  the  periodical '"  Fortschritte 
der  Physik"  was  started  by  the 
"  Physikalische  Gesellschaf t "  of 
Berlin.  Helmholtz  himself  contrib- 
uted several  valuable  reports  on 
acoustical  subjects.  See  the 
*  Wissenschaftliche  Abhandlungen,' 
vol.  i.  passim. 


mathematically  what  is  meant  by  a  fluid.  The  chief  ' 
property  of  a  fluid,  as  compared  with  a  solid  body,  is 
the  perfect  mobility  of  its  parts,  the  absence  of  rigidity. 
Thus  there  were  two  possible  kinds  of  fluids — those 
which  retained  their  bulk  or  volume,  whilst  offering  no 
resistance  to  change  of  shape,  and  those  which  tried  to 
expand,  and  could  be  compressed  by  means  of  external 
forces.  These  latter  were  called  gases.  In  dealing  with 
the  former,  incompressibility  had  to  be  defined  mathe- 
matically, as  also  perfect  mobility.  These  properties 
constitute  what  is  called  a  perfect  fluid.  Such  perfect 
fluids  do  not  exist  in  nature ;  but  the  method  of 
reasoning  was  to  begin  with  an  ideal,  simple  case,  and 
approach  the  explanation  of  natural  phenomena  by  a 
process  of  correction,  introducing  more  and  more  com- 
plications. The  phenomena  of  the  flow  of  liquids, 
practically  by  far  the  most  important,  could  be  studied 
to  a  great  extent  by  means  of  the  simplest  form  of  the 
hydrodynamical  conception,  and  up  to  the  middle  of  the 
century  such  problems,  as  well  as  those  of  the  propa- 
gation of  small  displacements  under  the  action  of  external 
forces, — notably  the  motion  of  waves, — formed  the  prin- 
cipal problems  which  were  treated  mathematically.  The 
idea  of  the  friction  of  fluids,  also  called  viscosity,  had  been 
excluded  in  the  definition  of  a  fluid,  inasmuch  as  friction 
opposed  the  notion  of  perfect  mobility  of  the  parts,  which 
was  the  mathematical  definition  of  a  fluid.  Now  it  is  a 
matter  of  experience  that  in  all  liquids  with  which  we 
are  acquainted  friction  can  produce  rotational  motion, 
,  such  as  whirls  and  eddies  ;  it  was  also  found  that  other 
forces,  such  as  magnetic  forces,  are,  under  certain  con- 
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ditions,  able  to  produce  these  rotations.  It  was  therefore 
of  interest  to  study  the  nature  of  rotational  or  whirling 
motion,  if  such  could  exist  in  a  perfect  liquid,  and  to  see 
what  would  be  likely  to  happen  to  these  whirls.  Though 
it  might  be  difficult  to  understand  how  in  a  perfect  Hqiiid 
rotation  of  any  portion  could  be  produced,  calculation 
might  determine  what  would  be  the  nature  and  fate  of 
such  whirls,  if  they  did  exist.  The  problem  was  a 
purely  mathematical  one.  Can  a  rotational  motion,  a 
whirl,  exist  in  a  perfect  fluid,  as  defined  by  the  mathe- 
matical conception  ?  If  it  can,  what  are  the  properties  of 
such  whirls,  and  what  becomes  of  them  ?  Helmholtz 
solved  these  questions  in  his  now  celebrated  treatise, 
showing  that  whirls  (called  by  English  writers  vortices) 
can  exist,  but  only  under  certain  conditions,  such  as 
can  be  experimentally  represented  by  smoke-rings  issuing 
from  an  orifice ;  that,  if  they  existed  in  a  perfect  liquid, 
they  would  be  indestructible  and  would  possess  a  motion 
of  their  own,  giving  them  a  special  individual  character 
as  to  permanence  and  movement.  The  treatise,  like  the 
problem,  was  a  purely  mathematical  one,^  and  in  the 
mind  of  the  celebrated  author  was  probably  connected 
more  with  the  problem  of  the  formation  of  drops,  and 
with  that  of  the  friction  or  viscosity  of  fluids,  which 
he  attacked  subsequently,  than  with  the  nature  of 
matter.  In  this  country  vortex  motion  had  already 
been  studied  by  natural  philosophers  with  very  different 
ends  in  view. 

It  was  known  that  solid  bodies  which  are  in  a  rapid 

^  It  revealed  incidentally  the  analogy  of  hydrodynamical  and  electrical 
phenomena. 


rotary  motion  acquire  properties  which  they  do  not  ^^^^.41. 
possess  otherwise— viz.,  rigidity— t.e.,  reaction  against  ^es^j^^// 
change  of  shape  (the  stiffness  of  a  travelling  rope  thrown  °^°*^<^^- 
off  a  pulley  is  a  familiar  illustration) ;  stability — i.e.,  re- 
action against  change  of  position  and  motion,  as  in  a  spin- 
ning-top or  a  bicycle ;  elasticity — i.e.,  tendency  to  revert  to 
the  same  position,  if  violently  disturbed.  The  gyroscope^ 
had  been  invented  in  1852  by  Foucault,  and  used  by 
him  and  other  physicists  in  France  and  Germany  to 
illustrate  the  rotation  of  the  earth.  It  was  now  shown 
that  portions  of  a  perfect  fluid — i.e.,  of  a  body  which 
possesses  neither  rigidity,  nor  stability,  nor  elasticity 
—when  in  a  state  of  rapid  rotational  motion,  acquire 
these  gyrostatic  properties ;  that  whirling  portions  can- 
not be  naturally  created,  but  that  if  once  in  existence 
they  preserve  their  identity,  being  permanently  differ- 
entiated from  the  surrounding  fluid,  which  may  be  at  rest 
or  in  the  state  of  flow.  These  differentiated  portions  of 
the  liquid  were  called  by  Helmholtz  vortex  filaments  ; 
he  showed  that  in  a  liquid  without  a  boundary  they 
must  run  back  into  themselves,  forming  rings  which 
might  be  knotted  and  linked  together  in  many  ways. 


^  A  much  older  invention  was 
that  of  Bohnenberger  (1817),  known 
by  his  name.  The  name  "  gyro- 
scope" was  introduced  by  Fou- 
cault; and  that  of  "gyrostat,"  as 
defining  an  apparatus  which  ac- 
quires stability  through  rotational 
(whirling  or  gyrating)  motion,  was 
used  first  by  Lord  Kelvin.  An 
extensive  treatnient  of  the  subject 
is  to  be  found  in  the  first  part 
of  Thomson  and  Tait's  '  Natural 
Philosophy'  (2nd  ed.),  pp.  314-415. 
It  is  mainly  through  the  influence 


of  this  work,  and  through  the 
inexhaustible  wealth  of  experi- 
mental illustrations  contained  in 
many  of  Lord  Kelvin's  addresses 
(see  '  Popular  Lectures  and  Ad- 
dresses,' vol.  i.  pp.  143  sqq.,  218 
sqq.  ;  iii.  165  sqq.  245),  that  gyro- 
static  and  vortex  motion  has  become 
in  this  country  a  favourite  study  of 
mathematicians  and  natural  phil- 
osophers, and  forms  an  important 
feature  in  almost  every  recent 
attempt  to  describe  the  properties 
of  matter  and  ether. 


P 
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42. 
Influence  of 


It  does  not  seem  that  Helmholtz's  speculations  were 

Influence  of 

Helmholtz's  mucli  taken  up  abroad  ;  in  this  country,  however,  thev 

speculations  ^  ^  *^  '' 

in  England,  fgij    ^^  more  fiuitful    soil  I  ^    they  led   first    of    all   to 


^  It  is  a  remarkable  fact  that  the 
country  which  produced  the  great 
theory  that  finally  destroyed  the 
older  vortex  theory  of  Descartes, 
was  the  one  in  which,  a  century 
after  Newton,  the  modern  views  on 
vortex -motion  were  first  and  almost 
exclusively  developed.  Notably 
the  scientific  atmosphere  in  which 
Thomson  and  Tait  moved  was,  inter 
alia,  charged  with  the  bold  ideas 
and  the  suggestive  nomenclature  of 
Macquorn  Rankine.  He  owes  his 
permanent  place  in  the  history  of 
science  to  being  side  by  side  with 
Lord  Kelvin  and  Clausius,  one  of  the 
three  founders  of  theoretical  thermo- 
dynamics. But  he  was  in  addition 
to  this  perhaps  the  earliest  and 
purest  representative  of  the  kinetic 
or  mechanical  view  of  natural 
phenomena,  and  of  the  scientific 
tendency  or  habit — derived  from  his 
profession  as  an  engineer — of  con- 
structing for  every  phenomenon  to 
be  explained  a  mechanical  model. 
In  a  succession  of  memoirs  beginning 
in  1850,  Rankine  put  forward  his 
theory  of  "molecular  vortices," 
*'  which  assumes  that  each  atom  of 
matter  consists  of  a  nucleus  or 
central  point  enveloped  by  an 
elastic  .atmosphere "  ('Scientific 
Papers  of  Macquorn  Rankine,'  ed. 
Miller,  London,  1881,  p.  17).  Clerk 
Maxwell  in  1878  wrote  of  Ilankine's 
theory  :  "  \Vliatever  he  imagined 
about  molecular  vortices  was  so 
clearly  imaged  in  his  mind's  eye 
that  he,  as  a  practical  engineer, 
could  see  how  it  would  work.  How- 
ever intricate,  therefore,  the 
machinery  might  be  which  he 
imagined  to  exist  in  the  minute 
parts  of  bodies,  there  was  no  danger 
of  his  going  on  to  explain  natural 
phenomena  by  any  mode  of  action 


of  this  machinery  which  was  not 
consistent  with  the  general  laws  of 
mechanism.  Hence,  though  the 
construction  and  distribution  of  liis 
vortices  may  seem  to  us  as  compli- 
cated and  arbitrary  as  the  Cartes-ian 
system,  his  final  deductions  are 
simple,  necessary,  and  consistent 
with  facts.  Certain  phenomena  v.ere 
to  be  explained.  Rankine  set  himself 
to  imagine  the  mechanism  by  which 
they  might  be  produced.  Being  an 
accomplished  engineer,  he  succeeded 
in  specifying  a  particulur  arrange- 
ment of  mechanism  competent  to 
do  the  work."  Maxwell  goes  on  to 
say  :  "As  long  as  the  training  of 
the  naturalist  enables  him  to  trace 
the  action  only  of  particular 
material  systems,  without  giving 
him  the  power  of  dealing  with  the 
general  properties  of  all  such 
systems,  he  must  proceed  by  the 
method  so  often  described  in 
histories  of  science  —  he  must 
imagine  model  after  model  of  hypo- 
thetical apparatus,  till  he  finds  one 
which  will  do  the  required  work. 
.  .  .  The  theory  of  molecular 
vortices  was  distinguished  from 
other  theories  which  attribute 
motion  to  bodies  apparently  at  rest, 
by  the  further  assumption  that  this 
motion  is  like  that  of  very  small 
vortices,  each  whirling  about  its 
own  axis "  (Clerk  Maxwell  in 
'  Nature,'  1878  ;  '  Scientific  Papers/ 
vol.  ii.  p.  662,  &c.  ;  and  Prof. 
Tait's  memoir  of  Rankine  in  the 
'  Collected  Papers,'  p.  xxix).  In  the 
most  recent  attempt  to  reconcile 
the  two  fundamental  ideas  with- 
out which  we  do  not  seem  to  be 
able  to  proceed  in  a  description  of 
natural  phenomena  —  viz. ,  that 
space  is  a  plenum,  filled  by  a  con- 
tinuous something,  and  that  matter 


many  experimental  contrivances,  by  which  the  re- 
markable phenomena  known  as  "  gyrostatic  "  —  i.e., 
the  stable  properties  of  bodies  in  rapid  rotary  motion  ^ 
—could  be  studied,  as  also  to  the  development  of  the 
theory  of  knots  and  linkage.^     In  the  resourceful  brain 


m- 


(and  electricity)  is  atomic  (discrete, 
grained),  Dr  Larmor  has  traced 
the  modern  vortex  theory  further 
back  beyond  Rankine  to  James 
MacCullagh,  who  in  his  'Essay 
towards  a  Dynamical  Theory  of 
Crystalline  Reflexion  and  Refrac- 
tion '  (Trans.  Irish  Academy,  1839), 
"  arrived  at  a  type  of  elasticity  (of 
the  ether)  which  was  wholly  rota- 
tional, .  .  .  somewhat  after  the 
manner  that  a  spinning  flywheel 
resists  any  angular  deflection  of  its 
axis"  (p.  26  of  his  Adams  prize 
essay  '  .Ether  and  Matter,'  1900). 
"  Rankine,  never  timid  in  his  specu- 
lations, expounded  MacCullagh's  an- 
alytical scheme  soundly  and  clearly, 
in  full  contrast  with  the  elastic 
properties  of  matter,  as  represent- 
ing a  uniform  medium  or  plenum 
endowed  with  ordinary  inertia,  but 
with  elasticity  of  purely  rotational 
type"  (ibid.,  p.  77;  cf.  p.  73) ;  but 
he  also  remarks  that  "up  to  the 
period  of  Lord  Kelvin's  vortex 
atoms  .  .  .  the  earlier  theories  .  .  . 
could  only  have  been  hypothetical 
speculations"  (p.  25  note). 

^  Helmholtz  himself  did  not  give 
many  practical  illustrations  of  his 
remarkable  theories.  Such  were 
first  given  byW.  B.  Rogers  ('Amer. 
Journ.  of  Science '  (2),  vol.  26,  p. 
246)  in  1858,  without  knowledge  of 
Helmholtz's  theoretical  investiga- 
tions. In  this  country  such  illustra- 
tions have  become  quite  favourite 
popular  lecture  experiments  (see 
Sir  Rob.  S.  Ball's  memoir).  Smoke- 
rings,  solid  and  liquid  g^y^ostats,  and 
a  host  of  similar  contrivances,  have 
impressed  on  us  the  hidden  re- 
sources of  whirling  motion.     Prof. 


Tait,  in  his  'Recent  Advances  of 
Physical  Science '  (3rd  ed.,  1885,  p. 
296),  states  that  experiments  on 
smoke-rings  which  he  performed, 
suggested  to  Lord  Kelvin  the 
vortex  theory  of  matter.  The 
various  papers  of  the  latter  have, 
so  far,  not  been  collected  in  a  con- 
venient form.  The  earliest  is  con- 
tained in  the  'Proceedings  of  the 
Royal  Society  of  Edinburgh, '  Feb- 
ruary  1867.  Then  followed  a 
memoir  in  the  '  Transactions '  (April 
1867)  on  vortex  statics  (Proc. 
R.  S.  E.,  December  1875)  ;  "Vibra- 
tions of  a  Columnar  Vortex  "  (Proc, 
March  1880).  Prof.  Hicks,  and 
especially  Prof.  J.  J.  Thomson 
(Trans.  R.  Soc,  1884  ;  1881),  have 
contributed  to  the  theory,  and  the 
latter,  in  his  Adams  prize  essay  for 
1882,  has  further  tested  the  concep- 
tion in  its  application  to  chemical 
statics.  See  Hicks,  'Recent  Pro- 
gress in  Hydrodynamics '  (Brit. 
Assoc.  Rep.,  1881,  p.  63,  &c.),  and 
J.  J.  Thomson  '  On  the  Motion  of 
Vortex  Rings  '  (1883,  p.  114,  &c.) 

-  The  creator  of  this  branch  of 
purely  positional  geometry  is  doubt- 
less Johann  Benedict  Listing,  who 
was  led  to  his  researches  by  some 
suggestions  of  Gauss.  Gauss  refers 
to  the  subject  in  connection  with  his 
unpublished  researches  into  electro- 
dynamics (1833,  posthumously  pub- 
lished in  'Werke,'  vol.  v.  p.  605). 
Listing  called  this  branch  of 
geometry  "  Topologie  "  (cf .  Listing, 
'  Vorstudien  zur  Topologie,'  Got- 
tingen,  1847).  In  the  meantime 
Riemanu  had  been  (1851)  led  in  his 
mathematical  representation  of 
functions    on     the    surface    called 


if 
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of  Lord  Kelvin  this  theory  led  to  the  conception  that 
in  an  all-pervading,  boundless  fluid,  such  as  physicists 
imagined  for  the  purposes  of  the  theory  of  light,  dif- ' 
ferentiated  portions  might  exist  in  the  form  of  whirlincr 
rings  (vortex  rings),  which  would  possess  most  of  the 
properties  of  ponderable  matter — identity  and  perman- 
ence of  quantity  of  substance,  stability,  rigidity,  elasticity. 
43.       It  was  indeed  soon  found  that  although  eminently  sug- 

Dimcultifs  o  Jo 

Ju^^thTJr^!'  gestive  in  this  way,  and  pointing  in  the  direction  of  a 
general  kinetic  theory  of  natural  phenomena,  the  vortex 
ring  theory  presented  two  fundamental  difficulties.  How 
does  whirling  matter  acquire  weight,  and  how  does  it 
acquire  immensely  increased  inertia  ?  In  the  explana- 
tion of  these  two  properties  the  progress  has  been  small, 
— if  indeed  any  glimpse  at  all  has  as  yet  been  got.^ 
But  by  suggesting  numberless  experiments  through  which 
our  knowledge  of  things  natural  has  been  enormously  in- 
creased, by  placing  before  the  minds  of  mathematicians 
a  great  number  of  problems  of  practical  importance  and 
physical  interest,  and  generally  by  familiarising  the  minds 
of  philosophers  with  an  ultimate  kinetic  explanation  of 
nature,^  the  vortex-atom  theory  has  marked  an  epoch  in 


after  him,  to  distinguish  between 
singly,  doubly,  triply,  &c.,  con- 
nected surfaces  ('  Werke,'  1876, 
pp.  18,  88,  448).  These  studies, 
which  for  a  long  time  were  looked 
upon  merely  as  curiosa  or  of  purely 
abstract  interest,  were  indepen- 
dently taken  up  in  the  practical 
interest  of  the  vortex-atom  theory 
by  Prof.  Tait  in  1876  (''  On  Knots," 
Trans.  Roy.  Soc.  Edinb.,  1877,  vol. 
28,  p.  145.  &c.),  and  continued  in 
1884-85.  To  him  we  owe  a  con- 
venient notation  and  vocabulary. 
For  the  history  of  the  subject  and 


further  developments,  see  Din- 
geldey,  '  Topologische  Studien.' 
Leipzig,    1890. 

^  See  Clerk  Maxwell's  article 
"Atom"  in  the  9th  ed.  of  the 
'  Ency.  Brit.,'  reprinted  in  'Scien- 
tific Papers,'  vol.  ii.,  and  the  account 
given  there  of  Le  Sage's  theory. 

-'  See  Dr  Larmor's  Address  to 
Section  A  of  the  Brit.  Assoc,  at 
Bradford  in  1890  (Report,  p.  625)  : 
•'  The  vortex-atom  theory  has  been 
a  main  source  of  physical  suggestion, 
because  it  presents,  on  a  simple 
basis,    a  dynamical  picture    of  an 
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the  history  of  thought.     As  the  study  of  stable  motion 
or  dynamical  equilibrium,  it  has  joined  hands  with  the 
kinetic  theory  of  gases— i.e.,  the  study  of  the  motion  of 
a  swarm  of  bodies  in  rectilinear  motion,  and  with  the 
mechanical  theory  of  heat— i.e.,  of  irregular  infinitesimal 
motion  of  any  kind ;  and  it  has  certainly,  through  the 
remarkable  results  gained  by  Professor  J.  J.  Thomson, 
afforded  a  clue  to  the  explanation  of  chemical  linkage, 
showing  how  it  comes  about  that  stability  of  chemical 
compounds  is    dependent    on,   and   limited   to,  a   small 
number  of  combinations  or  linkages.^     The  mathematical 
difficulties  in  the  way  of  progress  are  enormous,  sufficient 
to  tax  the  brains  of  many  generations  to  come,  but  as  it 


ideal  material    system,   atomically 
constituted,    which    could    go    on 
automatically  without    extraneous 
support.      The    value    of    such    a 
picture  may  be  held  to  lie,  not  m 
any  supposition   that   this   is   the 
mechanism  of  the  actual  world  laid 
bare,  but  in  the  vivid  illustration  it 
affords  of  the  fundamental  postulate 
of  physical  science,  that  mechanical 
phenomena    are    not    parts    of    a 
scheme    too    involved    for    us    to 
explore,  but  rather  present  them- 
selves   in    definite   and   consistent 
correlations,  which  we  are  able  to 
disentangle    and    apprehend    with 
continually  increasing  precision." 

1  See  his  essay  on  the  "  Motion  of 
Vortex  Rings  "  :  "  Let  us  suppose 
that  the  atoms  of  the  different 
chemical  elements  are  made  up  of 
vortex  rings  all  of  the  same  strength, 
but  that  some  of  these  elements 
consist  of  only  one  of  these  rings, 
others  of  two  of  the  rings  linked 
together,  or  else  of  a  continuous 
curve  with  two  loops,  others  of 
three,  and  so  on.  Our  investigation 
shows  that  no  element  can  consist 
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of  more  than  six  of  these  rings  if 
they    are    arranged    in    the   sym- 
metrical way  there  described"  (p. 
119).      "Each  vortex  ring  in  the 
atom  would  correspond  to  a  unit  of 
affinity  in  the  chemical  theory  of 
quantivalence.      If   we  regard  the 
vortex   rings  in   those;  atoms  con- 
sisting of  more  vortex  rings  than 
one  as  linked  together  in  the  most 
symmetrical  way,  then  no  element 
could  have  an  atom  consisting  of 
more  than  six  vortex  rings  at  the 
most,  so  that  no  single  atom  would 
be  capable  of  uniting  with   more 
than  six  atoms  of  another  element 
so  as  to  form  a  stable  compound. 
This  agrees   with    chemical   facts, 
as  Lothar  Meyer  in  his  '  Moderne 
Theorien  der  Chemie,'  4th  ed.,  p. 
196,  states  that  no  compound  con- 
sisting of  more  than  six  atoms  of 
one  element   combined   with  only 
one  of  another  is  known  to  exist  in 
the     gaseous    state,    and    that    a 
gaseous    compound    of     tungsten, 
consisting  of  six  atoms  of  chlorine 
united  to  one  of   tungsten,  does. 
exist"  (p.  120). 
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44. 

Modera 
view  of 
electrical 

1 


has  been  remarked,  "  the  glory  of  surmounting  them  would 

be  unique."  ^ 

The  vortex-atom  theory  is  the  most  advanced  chapter 
in  the  kinetic  theory  of  matter,  the  most  exalted  glimpse 
into  the  mechanical  view  of  nature.  Though  suggested 
by  Helrnholtz,  it  has,  as  already  stated,  been  limited 
almost  exclusively  to  this  country.  If  science  still 
shows  international  differences  and  patriotic  predilections, 
this  affords  one  of  the  few  remaining  examples.  Another 
step  first  taken  in  this  country,  the  last  and  most  im- 
portant contribution  to  the  science  of  physical  motion, 
the  greatest  support  of  the  kinetic  or  mechanical  view 
of  nature,  has,  in  union  with  the  undulatory  theory  of 
light,  been  now  all  but  universally  accepted  in  the 
scientific  world  :  I  refer  to  the  modern  view  of  electric 
phenomena,  which  for  a  long  time  was  supported  by  the 


^aradl"^^*'  soHtary  labours  and  genius  of  Faraday. 


Faraday 


His  great  discoveries  of  magneto-electricity,  of  induc- 
tion, of  the  electrification  of  light,  to  which  I  have  had 
repeated  occasion  to  refer,  made  his  name  familiar  to 
the  whole  scientific  world ;  but  the  processes  of  reasoning 
by  which  he  arrived  at  them,  or  to  which  in  his  mind 
they  gave  rise,  were  ignored  or  not  understood.^     Whilst 


^  Tait,  in  'Recent  Advances  of 
Physical  Science,'  p.  302,  and  Clerk 
Maxwell,  in  article  "Atom  "  ('  En- 
cy.  Brit.,'  9th  ed.,  or  'Col- 
lected Scientific  Papers,'  vol.  ii.  p. 

472). 

2  See  Helmholtz's  '  Faraday  Lec- 
ture,' delivered  V^efore  the  Chemical 
Society  on  April  5,  1881,  reprinted 
in  his  '  Vortriige  und  Reden,'  vol.  ii. 
p.  275,  &c.  "Since  the  mathe- 
matical interpretation  of  Faraday's 
theorems    by   Clerk    Maxwell   has 


been  given,  we  see  indeed  how 
sharply  defined  the  conceptions  are 
and  how  consistent  the  reasoning 
which  lay  concealed  in  Faraday's 
words,  which  to  his  contemporaries 
appeared  so  indefinite  and  obscure ; 
and  it  is  in  the  highest  degree  re- 
markable to  see  how  a  large  number 
of  comprehensive  theorems,  the 
proof  of  which  taxes  the  highest 
powers  of  mathematical  analysis, 
were  found  by  him  without  the  use 
of  a  single  mathematical  formula, 


Continental  philosophers,  following  Coulomb,  tried  to  put 
into  mathematical  language  the  action  at  measurable  dis- 
tances of  magnetic  masses  and  elements  of  electrical 
circuits,^  Faraday  fastened  upon  the  peculiar  lines  in 
which  iron  filings  arranged  themselves  in  the  neighbour- 


by  a  kind  of  intuition  with  instinc- 
tive certainty.      I    would   not  de- 
preciate Faraday's  contemporaries 
because  they  did   not  see  this.     I 
know  myself  too  well  how  often  I 
sat  hopeless,  gazing  at  one  of  his 
descriptions  of  lines  of  force  with 
their  numbers  and  tension,  or  look- 
ing for  the  meaning  of  statements 
where  the  galvanic  current  is  re- 
garded as  an  axis  of  force  and  much 
the  like"   (p.    277).     Rosenberger 
tells  us  that  it  may  be  in  part  attrib- 
uted to  the  displeasure  and  annoy- 
ance with    which   foreign   philoso- 
phers received  Faraday's  theoretical 
views,  that  Poggeudorflf,who  printed 
Faraday's  earlier  memoirs  in  extenso 
in  his  '  Aunalen,'  only  give  a  short 
abstract  of   the   later   series.     See 
Rosenberger,    '  Die   moderne   Ent- 
wickelung  der  elektrischen  Princi- 
pien,'  Leipzig,  1898,  p.  105. 

^  These  researches,  of  which  the 
fourth  chapter  of  this  work  gave 
some  account,  and  which  culminated 
in  Weber's  well-known  law  of  electro- 
dynamic  action  of  electrical  particles 
at  a  distance,  absorbed  almost  ex- 
clusively the  attention  of  natural 
philosophers    abroad.       Mathema- 
ticians of  the  highest  rank,  such 
as   Laplace,  Gauss,  and   Riemann, 
worked  at  the  subject.     It  is,  how- 
ever, interesting  to  note  that  Gauss, 
with  that  remarkable  instinct  for 
physical  adaptation  of  mathematical 
ideas  wiiich  characterised  also  the 
magnetic     researches     which     he 
carried  on  between  1830  and  1840, 
refrained  from  the  development  of 
a  mathematical  theory  of  electro- 
^lyuamic  action  for  reasons  which 
lie  later  explained  to  Weber.    When 


the  latter  prepared  for  publication 
that  elaborate  series  of  exact  mea- 
surements which,  irrespective  of  the 
theory   attached  to   them,  formed 
the  foundation  of  modern  electrical 
science  and  of  the  correlation  of  the 
phenomena  of  magnetism,  of  elec- 
tricity at   rest   and  in    motion,  of 
induction    and    of    diamagnetism, 
Gauss  WTote  as  follows  under  date 
19th  March  1845  :    '*The  subject 
belongs     to     those     investigations 
which  occupied  me  very  extensively 
about    ten    years    ago    (especially 
1834-36).   .  .   .  Perhaps  I  may  be 
able  to  think  myself  again  into  these 
matters,  which  have  now  become  so 
foreign  to   me.  ...  I   should   no 
doubt  have  long  ago  published  my 
researches  ;  but  at  the  time  when 
I  broke  them  off,  that  was  want- 
ing   which    I    then    considered    to 
be   the  very   keystone— nil  actum 
reputans  si  quid  superesset  agen- 
dum—namely, the  deduction  of  the 
additional  forces  (which  have  to  be 
added  on  to  the  mutual  action  of 
particles   of  electricity   at   rest,  if 
they  are  in  relative  motion)   from 
action,     not      instantaneous,     but 
(like   that   of  light)  propagated  in 
time.     With  this  I  could  not  suc- 
ceed at   the   moment,  but   so   far 
as  I  can  remember  I  left  the  subject 
not  entirely  without  hope  that  this 
might  later  be  possible  ;  yet,  if  I  re- 
member aright,  with  the  subject- 
ive conviction  that  it  would  previ- 
ously be  necessarj^  to  form  for  one- 
self a  workable  representation  {eine 
consti-uirbare    Vorstellung)   of     the 
manner  in  which  the  propagation 
takes  place  "  (Gauss,  '  Werke,'  vol. 
V.  p.  627,  &c.) 
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45. 

"  Lines 
force." 


of 


hood  of  the  poles  of  magnets ;  ^  inquired  into  the  nature 
and  condition  of  the  region — afterwards  termed  the  "field  " 
— which  surrounded  magnetised  and  electrified  bodies; 
invented  the  term  "  electrotonic  state  "  and  "  dielectric  "^  to 
describe  the  part  which  the  surrounding  medium  played 
in  the  so-called  actions  at  a  distance  ;  and  conceived  it  to 
be  in  a  state  of  tension,  which  he  further  described  by 
filling  it  with  so-called  "  lines  of  force."  The  region  or 
"  field "  ^  of  magnetic  and  electric  action,  filled  with 
these  curved  lines  of  force,  possessing  definite  direc- 
tion and  frequency,  gave  him  a  clear  mental  repre- 
sentation of  the  direction  and  intensity  of  magnetic  and 
electric  forces  at  any  point  in  space  in  the  neighbour- 
hood of  magnets  or  of  electric  currents.  For  Faraday, 
the  lines  of  force  in  the  magnetic  field,  from  being 
originally  merely  a  convenient  geometrical  device,**  ac- 


quired gradually   a    physical^   significance,  for  he    had 
very  early  convinced  himself  of  the  fact,  known  already 


^  "  By  magnetic  curves  I  mean  | 
the  lines  of  magnetic  forces,  how- 
ever modified  by  the  juxtaposition 
of  poles,  which  would  be  depicted 
by  iron  filings,  or  those  to  which 
a  very  small  magnetic  needle  would 
form' a  tangent"  (Faraday,  'Ex- 
perimental  Researches  on  Elec- 
tricity,' 1st  series,  November  1831, 
No.  114  note).  "  When  an  electrical 
current  is  passed  through  a  wire,  that 
wire  is  surrounded  at  every  part  by 
magnetic  curves,  diminishing  in 
intensity  according  to  their  distance 
from  the  wire.  .  .  .  These  curves, 
although  different  in  form,  are  per- 
fectly analogous  to  those  existing 
between  two  contrary  magnetic 
poles  opposed  to  each  other  "  (ibid., 
2nd  series,  January  1832,  No.  232). 

-  The  term  "electrotonic  state  " 
was  introduced  in  1831  to  describe 
the  conditions  of  matter  in  the 
neighbourhood  of  electric  bodies. 
*'  It  is  probable  that  what  will  affect 


a  conductor  will  affect  an  insulator 
also,  producing,  perhaps,  what  may 
deserve  the  term  of  the  electro- 
tonic state"  (ibid.,  No.  1661, 
1838),  "the  intervening  particles 
assuming  for  the  time  more  or  less 
of  a  peculiar  condition,  which 
(though  with  a  very  imperfect  idea) 
I  have  several  times  expressed  by 
the  term  electrotonic  state"  (ibid., 
No.  1729).  "I  use  the  word  '  di- 
electric '  to  express  that  substance 
through  or  across  which  the  electric 
forces  are  acting  "  (December  1838, 
ibid.,  No.  1168,  note). 

2  The  term  *'  magnetic  field  " 
seems  to  have  been  used  for  the 
first  time  in  the  year  1845  (see 
*  Exp.  Res.,' No.  2252,  vol.  iii.  p.  30). 

^  November  1837  :  "  I  use  the 
term  line  of  inductive  force  merely 
as  a  temporary  conventional  mode 
of  expressing  the  direction  of  the 
power  in  cases  of  induction.  •  •  ■ 
The  power,  instead  of  being  like 


that  of  gravity,  which  causes 
particles  to  act  on  each  other 
through  straight  lines,  ...  is  more 
analogous  to  that  of  a  series  of  mag- 
netic needles.  ...  So  that  in  what- 
ever way  I  view  it,  and  with  great 
suspicion  of  the  influence  of  favourite 
notions  over  myself,  I  cannot  per- 
ceive how  the  ordinary  theory  .  .  . 
can  be  a  correct  representation  of 
that  great  natural  principle  of  elec- 
trical action"  ('Exp.  Res.,'  No. 
1231).  "Ihaveused  the  phrases  lines 
of  inductive  force  and  curved  lines  of 
force  in  a  general  sense  only.  .  .  . 
All  I  am  anxious  about  at  present 
is,  that  a  more  particular  meaning 
should  not  be  attached  to  the  ex- 
pressions used  than  I  contemplate  " 
(ibid.,  No.  1304).  And  after  hav- 
ing referred  to  the  agreement  of  his 
results  with  those  of  Poisson,  ar- 
rived at  by  starting  from  "a  very 
different  mode  of  action,"  and  with 
the  experimental  results  of  Snow 
Harris,  he  concludes  by  saying, 
"I  put  forth  my  particular  view 
with  doubt  and  fear,  lest  it  should 
not  bear  the  test  of  general  examina- 
tion," &c.  (No.  1306). 

^  It  took  more  than  ten  years 
before  the  purely  geometrical  or 
conventional  use  of  the  term  "  lines 
of  force"  ripened  into  a  physical 
conception.  The  latter  is  definitely 
expounded  in  a  paper  in  the  '  Philos. 
Magazine '  for  June  1852.  We  can 
compare  this  gradual  development 
of  a  symbolical  into  a  physical 
theory  with  the  gradual  develop- 
ment of  the  atomic  theory  ;  atoms 
and  molecules  becoming  a  physical 
necessity  to  chemists  long  after 
they  had  been  used  simply  as  a 
convenient  representation  of  the 
laws  of  equivalence  and  of  the  fixed 
proportions  of  combination  (see 
vol.  i.  of  this  work,  chap,  v.,  p. 
432,   &c.)     Faraday,    during    the 


years  1840  to  1850,  laboured  at  two 
great  problems  :  the  one  he  solved 
brilliantly  and  in  the  direction  he 
anticipated ;  the  other  remains  a 
problem  to  this  day.  The  first 
refers  to  the  action  of  magnets  on 
the  dielectric.  The  dielectric,  the 
space  which  Continental  philo- 
sophers considered  as  a  vacuum  so 
far  as  magnetic  and  electrical  pheno- 
mena are  concerned,  had  been  filled 
by  Young  and  Fresnel  with  the 
luminiferous  ether.  Faraday  sus- 
pected that  this  luminiferous  ether 
cannot  be  insensible  to  magnetic 
action,  and  he  sought  in  the  experi- 
mental proof  of  the  action  of  mag- 
nets on  rays  of  light  in  the  sur- 
rounding space  a  support  for  his 
view  of  the  part  which  the  dielectric 
plays  in  the  transmission  of  electric 
and  magnetic  action.  After  many 
ineffectual  attempts  to  prove  this, 
he  could  at  last  (November  1845) 
announce  his  results  to  the  Royal 
Society  as  follows  :  *  *  These  inef- 
fectual exertions  .  .  .  could  not 
remove  my  strong  persuasion  de- 
rived from  philosophical  considera- 
tions ;  and  therefore  I  recently 
resumed  the  inquiry  by  experiment 
in  a  most  strict  and  searching 
manner,  and  have  at  last  succeeded 
in  magnetising  and  electrifying  a 
ray  of  light,  and  in  illuminating  a 
magnetic  line  of  force.  .  .  .  Em- 
ploying a  ray  of  light,  we  can  tell, 
by  the  eye,  the  direction  of  the 
magnetic  lines  through  a  body ;  and 
by  the  alteration  of  the  ray  and  its 
optical  effect  on  the  eye,  can  see 
the  course  of  the  lines  just  as  we 
can  see  the  course  of  a  thread  of 
glass  or  any  other  transparent  sub- 
stance, rendered  visible  by  the 
light "  (*Exp.  Res.,'  vol.  iii.,  No.  2148 
and  note).  The  second  problem 
which  Faraday  attacked  was  to 
prove  a  similar   '*  connection    be- 


'^ 
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to  Cavendish,  that  in  the  case  of  electric  attraction  and 
repulsion,  the  nature  of  the  intervening  medium  was  of 
importance :  it  played  a  part  in  the  electric  phenomena 
in  the  same  way  as  in  the  propagation  of  light  and  heat 
the  intervening  medium  played   a  definite  part.     This 
part  had  been  entirely  overlooked  by  Continental  philos- 
ophers, who  worked  on  the  hypothesis  of  an  immediate 
action  at  a  distance,  based  upon  the  analogy  of  gravi- 
tation.    Their  researches,  carried  on  by  methods  similar 
to  those  invented  by  Laplace  and  his  school  for  the  cal- 
culation of  the  combined  effect  of  gravitational  forces  at 
various  points  in  space,  entirely  ignored  the  question  how 
such  effects  were  brought  about.     As  time  did  not  seem 
to  enter  as  an  appreciable  factor,  the  investigation  of  the 
mechanism  by  which  action  at  a  distance  was  communi- 
cated was  set  aside  as  unnecessary  or  impossible:  the 
astronomical    view    of    the    phenomena    sufficed.       For 
Faraday,  the  intervening  medium,  which — as  in  the  com- 
munication of  light  and  heat — took  an  active  part,  the 
question   of  its   nature   and   mode   of  action   was  very 
important;  he  accordingly  first  of  all  gave  it  a  nanie. 
As    in  optics    the    term   luminiferous    ether    had    been 
recently    revived,    and    had    become    familiar    through 
Young  and    Fresnel,   so   through   Faraday   were    intro- 
duced    the    terms    "dielectric"    and    "magnetic    field," 
as   the  carriers   of   electric   and    magnetic   action;    and 
though   for    a    long    time   used    only   by   himself,  they 


tween  gravity  and  electricity."  On 
the  failure  of  this  attempt  he  fully 
reported  in  his  Bakerian  Lecture, 
November  1850  ('Exp.  Res.,'  vol. 
iii.  p.  161).  But  the  former  results 
were  sufficient  to  ripen  gradually 


in  his  mind  the  idea  of  the  physical 
nature  of  the  lines  of  force,  which 
he  expounded  with  increasing  pre- 
cision from  1851  onward.  (See 
'Exp.  Res.,'  28th  series,  vol.  iii.  p. 
328  ;  also  pp.  402,  438). 


have  been  the  means  of  keeping  before  the  minds  of 
natural    philosophers   the   question    how   these    actions 
are  mechanically  communicated,  a   problem   which   lay 
outside   of    the   astronomical  view   of    the    phenomena. 
To  Faraday  himself  the  analogy  between  the  phenomena 
of   these  actions    meant  also    a   real    physical  relation 
or  even  identity,  a  supposition  which  he   followed  up 
with    unwearying    patience    and    all    the    experimental 
resources  of    his  inventive  mind,  till    he   succeeded  in 
showing  by  experiment  that  magnets  in  the  neighbour- 
hood of  transparent  substances  which  have  a  polarising 
effect  on  rays  of  light  possessed  the  property  of  altering 
the  direction  in  which  the   polarised    rays  show  their 
laterality.      Faraday's    conception   of  "  lines    of    force " 
filling  all   space  and   explaining   electric  and   magnetic 
action,    radiation,    and    possibly    also    gravitation,    was 
elaborated  during  the  years  1830  to  1850.     An  opinion 
then  prevailed  that  his  discoveries  stood  in  opposition  to 
the    views    elaborated    and    experimentally    verified    by 
Continental   philosophers.      The   first   who   showed   the 
analogy  and  threw  out  a  hint  how  the  two  views  could  mentofthe 

o«/  conceptioii 

be  brought  into  harmony  was  William  Thomson  (Lord  K^givin.*^ 
Kelvin).     As  early  as   1842,^  when    scarcely  eighteen 


46. 
Develop- 


^  * '  On  the  uniform  motion  of 
Heat  in  homogeneous  solid  bodies, 
and  its  connexion  w^ith  the  mathe- 
matical theory  of  Electricity," 
'  Cambridge  Mathematical  Jour- 
nal,' February  1842.  The  following 
note  is  attached  to  the  reprint  in 
the  'Philosophical  Magazine'  of 
1854 :  "  The  general  conclusions 
established  show  that  the  laws  of 
distribution  of  electric  or  magnetic 
force  in  any  case  whatever  must  be 
identical  with  the  laws  of  distri- 
bution of  the  lines  of  motion  of 


heat  in  certain  perfectly  defined 
circumstances.  With  developments 
and  applications  contained  in  a 
subsequent  paper  (1845),  they  con- 
stitute a  full  theory  of  the  char- 
acteristics of  lines  of  force,  which 
have  been  so  admirably  investigated 
experimentally  by  Faraday,  and 
complete  the  analogy  with  the 
theory  of  the  conduction  of  heat, 
of  which  such  terms  as  'conduct- 
ing power  of  lines  of  force '  ( '  Exp. 
Re8.,'No3.  2797-2802)  involve  the 
idea." 
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years  old,  but  already  acquainted  with  English  experi- 
mental and  French  mathematical  researches,  he  pointed 
out  how  phenomena  of  flow — i.e.,  of  motion — could  be 
mathematically  grasped  by  a  formula  quite  similar  to 
that  of  the  distribution  of  masses  at  rest  and  appar- 
ently governed  by  attractive  forces  at  a  distance.  For 
instance,  the  distribution  of  temperature  at  various  dis- 
tinct points  in  a  space  in  which  a  flow  of  heat  from  an 
origin  had  brought  about  a  stationary  condition  (the 
equilibrium  being  dynamical,  not  statical),  was  mathe- 
matically expressed  by  a  formula  identical  with  that 
which,  according  to  Poisson  and  others,  gave  the  dis- 
tribution of  electrical  or  attracting  masses.  Xow  we 
know  that  in  the  former  case  the  equilibrium  is  main- 
tained by  a  flow  across  the  intervening  space,  which  takes 
time.  This  suggests,  therefore,  the  possibility  of  ex- 
plaining the  so-called  statical  effects  of  attracting  or 
repelling  masses  kinetically  by  a  process  of  flow  or  motion 
going  on  in  the  intervening  medium,  a  notion  to  which 
Faraday  clung  tenaciously.  In  1845  Thomson  reverted 
to  this  subject,  and  after  harmonising  the  two  views, 
concluded  by  stating  that  the  latter  "  method  of  establish- 
ing the  mathematical  theory  would  be  even  more  simple 
if  possible  than  that  of  Coulomb."^ 


^  "  On  the  Mathematical  Theory 
of  Electricity  in  Equilibrium," 
1845.  See  'Reprint  of  Papers  on 
Electrostatics  and  Magnetism,'  2nd 
ed.,  p.  29.  A  study  of  these  mathe- 
matical researches  of  Lord  Kelvin, 
beginning  early  in  the  'forties  and 
extending  over  more  than  twenty 
years,  is  of  special  historical  in- 
terest, as  showing  the  gradual 
growth  of  a  physical  out  of  a  purely   j 


mathematical  theory  :  most  of  the 
conceptions  which  have  since  be- 
come general  through  Maxwell's 
electro-magnetic  theory,  as  it  has 
been  developed  and  popularised 
by  subsequent  writers  (notably 
Prof.  Poynting,  Prof.  Oliver  Lodge, 
and  Mr  Oliver  Heaviside),  being 
already  contained  in  Thomson's 
papers  as  mathematical  notions. 
Thomson  is  throughout  careful  to 


This  suggestion  was  not  carried  out  for  some  time, 
and  then  not  by  Thomson  himself,  but,  at  his  instiga- 
tion, by  Clerk  Maxwell.  In  the  meantime,  however, 
Thomson  added  another  step  to  the  one  already  taken,  by 
bringing  recent  discoveries  of  Faraday,  as   well  as   his 


point  out  how  the  elementary  ex- 
perimental data  referring  to  elec- 
trical charges,  as  well  as  to  mag- 
netic bodies,  can  be  mathematically 
expressed  equally  well  by  the  con- 
ceptions of  Coulomb  and  Poisson 
and  by  those  of  conduction  and  flow, 
which  are  more  in  conformity  with 
Faraday's  physical  ideas  :  neither 
of  the  mathematical  analogies,  of 
attraction  at  a  distance  or  of  con- 
duction through  an  intervening 
medium,  being  sufficient  for  a 
physical  theory.  These  papers  con- 
tain further  the  record  of  the 
gradual  growth  in  the  author's 
mind  of  the  kinetic  out  of  the 
statical  view  of  natural  phenomena. 
Thomson  was  the  first  (1851)  to 
introduce  the  terms  "  field "  and 
"lines  of  force"  into  mathemati- 
cal literature,  adopting  them  from 
Faraday.  They  have  since  become 
indispensable  not  only  to  the  electri- 
cian but  likewise  to  the  mathema- 
tician ;  forming,  as  it  were,  a  unify- 
ing term  for  apparently  distant 
regions  of  physical  phenomena,  and 
being  introduced  as  fundamental 
notions  at  the  beginning  of  dynami- 
cal treatises.  See,  for  instance,  the 
article  by  M.  Abraham  entitled 
"  Geometrische  Grundbegriffe,"  in 
the  second  part  of  the  fourth  volume 
of  the  '  Encyclopadie  der  mathe- 
matischen  Wissenschaften,*  Leipzig, 
Teubner,  1901.  Independently  and 
quite  unknown  to  Faraday,  or  to 
each  other,  two  eminent  mathe- 
maticians, Sir  W.  R.  Hamilton  at 
Dublin  and  Herrmann  Grassmann 
at  Stettin,  were  elaborating,  be- 
tween 1835  and  1845,  the  geo- 
metrical conceptions  and  vocabulary 


which  are  required  in  the  repre- 
sentation of  "directed"  quantities. 
Their  expositions  have  since  become 
much  simplified,  and  now  form, 
under  the  title  of  "vector  an- 
alysis," an  indispensable  geometrical 
instrument.  The  gradual  evolution 
of  the  kinetic  view  of  physical 
phenomena  (which  here  concerns  us 
most)  in  the  memoirs  of  Thomson 
is  most  remarkable.  Inter  alia,  he 
made  a  communication  in  1847  to 
the  British  Association  at  Oxford, 
in  which  he  dealt  with  the  phe- 
nomena of  terrestrial  magnetism, 
stating  that  "it  becomes  an  in- 
teresting question  whether  mere 
electric  currents  could  produce  the 
actual  phenomena  observed.  Am- 
pere's electro- magnetic  theory  leads 
us  to  an  affirmative  answer  which 
must  be  regarded  as  merely  theor- 
etical ;  for  it  is  absolutely  impossible 
to  conceive  of  the  currents  which  he 
describes  round  the  molecules  of 
matter  as  having  a  physical  exist- 
ence" (Reprint,  2nd  ed.,  p.  469). 
On  this  passage  he  himself  remarks 
in  1872  :  "  From  twenty  to  twenty- 
five  years  ago,  I  had  no  belief 
in  the  reality  of  this  [Ampere's] 
theory  ;  but  I  did  not  then  know 
that  motion  is  the  very  essence  of 
what  has  hitherto  been  called 
matter.  At  the  1847  meeting  of 
the  British  Association  in  Oxford 
I  learned  from  Joule  the  dynamical 
theory  of  heat,  and  was  forced  to 
abandon  at  once  many,  and  gradu- 
ally from  year  to  year  all  other, 
statical  preconceptions  regarding 
the  ultimate  causes  of  apparently 
statical  phenomena"  (ibid.,  p.  423 
note). 
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unique  conception  of  the  communication  of  electric  and 
magnetic  phenomena,  into  connection  with  the  mathe- 
matical theory  which  had  been  founded  and  worked  out 
by  Poisson  and  Green.  Without  attempting  to  give 
a  physical  explanation  of  Faraday's  lines  of  force,  he 
showed  how  they  could  be  utilised  in  calculating  the 
complicated  action  of  magnetic  push- and -pull  forces; 
suggested  that  the  newly  discovered  property  called  dia- 
magnetism,  in  virtue  of  which  bodies  in  the  neighbour- 
hood of  powerful  magnets  appeared  to  be  repelled,  not 
attracted,  could  be  explained  as  a  differential  ^  effect  of 


^  It  was  in  the  year  1845  that 
Faraday,  after  having  discovered 
the  "magnetisation  of  light,"  and 
made  visible  the  "  magnetic  lines 
of  force"  ('Exp.  Res.,'  Nos.  2146- 
2242),  entered  upon  that  remark- 
able series  of  experiments  and 
speculations  which  led  him  to  the 
discovery  of  diamagnetism  and  to 
the  assertion  of  the  "  magnetic  con- 
dition of  all  matter"  (ibid.,  Nos. 
2243,  &c.)  In  1847  Thomson  wrote  : 
"According  to  Mr  Faraday's  recent 
researches  it  appears  that  there  are 
a  great  many  substances  susceptible 
of  magnetic  induction,  of  such  a 
kind  that  for  them  the  value  of  the 
coefficient  i  is  negative.  These  he 
calls  diamagnetic  substances,  and 
in  describing  the  remarkable  re- 
sults to  which  his  experiments 
conducted  him  with  reference  to 
induction  in  diamagnetic  matter, 
he  says,  *  All  the  phenomena  re- 
solve themselves  into  this,  that  a 
portion  of  such  matter,  when  under 
magnetic  action,  tends  to  move 
from  stronger  to  weaker  places  or 
points  of  force.'  This  is  entirely 
in  accordance  with  the  result  ob- 
tained above  ;  and  it  appears  that 
the  law  of  all  the  phenomena  of 
induction  discovered  by  Faraday 
with  reference  to  diamagnetics  may 
be  expressed  in  the  same  terms  as 


in  the  case  of  ordinary  magnetic 
induction,  by  merely  supposing 
the  coefficient  i  to  have  a  nega- 
tive value  "  (Reprint,  p.  502).  In 
the  Reprint  (1854)  of  his  early 
papers  (1842)  on  the  corresponding 
problems  of  magnetism  and  heat 
(Reprint,  p.  18)  he  added  a  note  to 
the  effect  that  the  '*  same  demon- 
stration is  applicable  to  the  in- 
fluence of  a  piece  of  soft  iron,  or 
other  paramagnetic,  or  to  the  re- 
verse influence  of  a  diamagnetic 
on  the  magnetic  force  in  any 
locality  near  a  magnet  in  which  it 
can  be  placed,  and  shows  that  the 
lines  of  magnetic  force  will  be 
altered  by  it  precisely  as  the  lines 
of  motion  of  heat  in  corresponding 
thermal  circumstances  would  be 
altered  by  introducing  a  body  of 
greater  or  less  conducting  power  of 
heat.  Hence  we  see  how  strict 
is  the  foundation  for  an  analogy  on 
which  the  conducting  power  of  a 
magnetic  medium  for  lines  of  force 
may  be  spoken  of,  and  we  have  a 
perfect  explanation  of  the  con- 
densing action  of  a  paramagnetic, 
and  the  repulsive  effect  of  a  dia- 
magnetic upon  the  lines  of  force  of 
a  magnetic  field,  which  have  been 
described  by  Faraday "  (Reprint, 
p.  33  note;  cf.  Faraday,  'Exp. 
Res.,' Nos.  2807,  2808). 


the  magnetic  actions  which  belong  to  all  substances; 
introduced  the  term  magnetic  "  permeability "  ^  as  de- 
scriptive of  the  degree  in  which  various  substances 
acquire  magnetic  properties  and  conduct  the  lines  of 
magnetic  force  in  the  neighbourhood  of  powerful  mag- 
nets ;  and  finally  demonstrated  how,  if  these  properties 
were  considered  as  having  different  degrees  in  the  dif- 
ferent axes  of  crystals,  in  analogy  with  the  different 
elasticities  which  they  exhibited,  the  consequence  would 
be  a  turning  effect  which  would  explain  the  changed 
optical  properties  of  crystals  under  the  influence  of 
magnetic  action.-     In  these  investigations  the  ideas  of 


^  This  property  was  afterwards 
termed  "  permeability  "  by  Thom- 
son (Reprint,  p.  489,  1872).  The 
general  rule  of  magnetic  action  can 
then  be  expressed  by  saying  that 
"  by  virtue  of  differential  action  a 
body  may  behave  paramagnetically 
or  diamagnetically  according  as  it 
is  placed  in  a  less  or  a  more  perme- 
able medium  than  itself  "  (Chrj-stal 
in  article  "  Magnetism,"  '  Ency. 
Brit.,'  9th  ed.,  vol.  xv.  p.  248). 

-  On  the  Theory  of  Magnetic 
Induction  in  Crystalline  and  Non- 
crystalline Substances  "  ('  Philos. 
Mag.,'  March  1857  ;  also  Reprint, 
2nd  ed.,  p.  471,  &c.)  Poisson  had 
already  foreseen  the  mathematical 
possibility  of  what  Faraday  termed 
luagne-  (correctly  magneto-)  crys- 
tallic  action,  but  "  ce  cas  singulier 
ne  s'etant  pas  encore  presente  k 
I'observation,  nous  I'exclurons  de 
nos  recherches"  ("Memoire  sur  la 
Theorie  du  Magnetisme,"  '  M^m.  de 
rinstitut,  Paris,  1826,'  quoted  by 
Thomson,  Reprint,  p.  484).  Stimu- 
lated by  the  discoveries  of  Faraday, 
Pliicker  at  Bonn,  during  the  extra- 
ordinary interval  which  separated 
the  second  from  the  first  period  of 
his  original  geometrical  speculations 
(see  vol.  i.  p.  242  of  this  work),  de- 


voted himself  to  the  study  of  the 
electric  and  magnetic  properties  of 
gases  and   crystals,    and    in    1847 
commenced  that  remarkable  series 
of  physical  memoirs  through  which 
he  became  the  fellow-worker,  if  not 
the  rival,  of  Faraday.     One  of  his 
first  discoveries  was  the  action  of 
magnets   on  crystals,  published  in 
1847    (Pogg.    Ann.,    or    Pliicker's 
'  Physical ische  Abhandlungen,'  ed. 
Pockels,  Leipzig,  1896,  p.   6,  &c.), 
which   supplied   to  Thomson  "the 
very  circumstance  the  observation 
of   which   was   wanting  to   induce 
Poisson  to  enter  upon  a  full  treat- 
ment of  the  subject,  and  made  the 
working    out    of    a    mathematical 
theory  of  magnetic  induction  .  .  . 
independently  of    any    hypothesis 
.  .  .  upon   a   purely   experimental 
foundation  .  .  .  important "  (Thom- 
son, loc.  city  p.  471).      Pliicker  was 
an  original  thinker,  and  mainly  a 
self-taught  genius,  imperfectly  ac- 
quainted  with   the  labours  of  his 
contemporaries     or     predecessors. 
This   has  been  noted  by  his  biog- 
raphers as  much  in  his  geometrical 
as  in   his  physical  researches   (see 
the  memoirs  of  Clebsch  and  of  Prof. 
Riecke,  prefixed  to  the  two  volumes 
of  the  'Gesammelte Abhandlungen'). 
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unique  conception  of  the  communication  of  electric  and 
magnetic  phenomena,  into  connection  with  the  mathe- 
matical theory  which  had  been  founded  and  worked  out 
by  Poisson  and  Green.  Without  attempting  to  give 
a  physical  explanation  of  Faraday's  lines  of  force,  he 
showed  how  they  could  be  utilised  in  calculating  the 
complicated  action  of  magnetic  push- and -pull  forces; 
suggested  that  the  newly  discovered  property  called  dia- 
magnetism,  in  virtue  of  which  bodies  in  the  neighbour- 
hood of  powerful  magnets  appeared  to  be  repelled,  not 
attracted,  could  be  explained  as  a  differential  ^  effect  of 


^  It  was  in  the  year  1845  that 
Faraday,   after   having    discovered 
the  "magnetisation  of  light,"  and 
made  visible  the  '*  magnetic  lines 
of  force"  ('Exp.  Res.,'  Nos.  2146-   . 
2242),  entered  upon  that  remark- 
able   series    of    experiments    and 
speculations  which  led  him  to  the 
discovery  of  diamagnetism  and  to 
the  assertion  of  the  "  magnetic  con- 
dition of   all  matter"  (ibid.,  Nos. 
2243,  &c.)    In  1847  Thomson  wrote  :    . 
"According  to  Mr  Faraday's  recent 
researches  it  appears  that  there  are   ', 
a  great  many  substances  susceptible   j 
of   magnetic   induction,  of   such  a 
kind  that  for  them  the  value  of  the   i 
coefficient  i  is  negative.     These  he 
calls  diamagnetic  substances,   and   , 
in    describing   the   remarkable  re-   j 
suits    to    which    his     experiments 
conducted   him   with   reference  to 
induction   in   diamagnetic    matter, 
he   says,   '  All  the  phenomena  re- 
solve  themselves  into  this,  that  a 
portion  of  such  matter,  when  under 
magnetic    action,    tends    to    move 
from  stronger  to  weaker  places  or 
points  of  force.'     This  is  entirely 
in  accordance  with  the  result   ob- 
tained above  ;  and  it  appears  that 
the  law  of  all  the  phenomena   of 
induction   discovered    by    Faraday 
with  reference  to  diamagnetics  may 
be  expressed  in  the  same  terms  as 


in  the  case  of  ordinary  magnetic 
induction,  by  merely  supposing 
the  coefficient  i  to  have  a  nega- 
tive value  "  (Reprint,  p.  502).  In 
the  Reprint  (1854)  of  his  early 
papers  (1842)  on  the  corresponding 
problems  of  magnetism  and  heat 
(Reprint,  p.  18)  he  added  a  note  to 
the  effect  that  the  "  same  demon- 
stration is  applicable  to  the  in- 
fluence of  a  piece  of  soft  iron,  or 
other  paramagnetic,  or  to  the  re- 
verse influence  of  a  diamagnetic 
on  the  magnetic  force  in  any 
locality  near  a  magnet  in  which  it 
can  be  placed,  and  shows  that  the 
lines  of  magnetic  force  will  be 
altered  by  it  precisely  as  the  lines 
of  motion  of  heat  in  corresponding 
thermal  circumstances  would  be 
altered  by  introducing  a  body  of 
greater  or  less  conducting  power  of 
heat.  Hence  we  see  how  strict 
is  the  foundation  for  an  analogy  on 
which  the  conducting  power  of  a 
magnetic  medium  for  lines  of  force 
may  be  spoken  of,  and  we  have  a 
perfect  explanation  of  the  con- 
densing action  of  a  paramagnetic, 
and  the  repulsive  effect  of  a  dia- 
magnetic upon  the  lines  of  force  of 
a  magnetic  field,  which  have  been 
described  by  Faraday "  (Reprint, 
p.  33  note ;  cf.  Faraday,  '  Exp. 
Res.,' Nos.  2807,  2808). 


the  magnetic  actions  which  belong  to  all  substances ; 
introduced  the  term  magnetic  "permeability"^  as  de- 
scriptive of  the  degree  in  which  various  substances 
acquire  magnetic  properties  and  conduct  the  lines  of 
magnetic  force  in  the  neighbourhood  of  powerful  mag- 
nets ;  and  finally  demonstrated  how,  if  these  properties 
were  considered  as  having  different  degrees  in  the  dif- 
ferent axes  of  crystals,  in  analogy  with  the  different 
elasticities  which  they  exhibited,  the  consequence  would 
be  a  turning  effect  which  would  explain  the  changed 
optical  properties  of  crystals  under  the  influence  of 
magnetic  action.^     In  these  investigations  the  ideas  of 


^  This  property  was  afterwards 
termed  "  permeability  "  by  Thom- 
son (Reprint,  p.  489,  1872).  The 
general  rule  of  magnetic  action  can 
then  be  expressed  by  saying  that 
"  by  virtue  of  differential  action  a 
body  may  behave  paramagnetically 
or  diamagnetically  according  as  it 
is  placed  in  a  less  or  a  more  perme- 
able medium  than  itself  "  (Clirystal 
in  article  **  Magnetism,"  '  Ency. 
Brit.,'  9th  ed.,  vol.  xv.  p.  248). 

-  On  the  Theory  of  Magnetic 
Induction  in  Crystalline  and  Non- 
crystalline Substances  "  ('  Philos. 
Mag.,'  March  1857  ;  also  Reprint, 
2nd  ed.,  p.  471,  &c.)  Poisson  had 
already  foreseen  the  mathematical 
possibility  of  what  Faraday  termed 
magne-  (correctly  magneto-)  crys- 
tallic  action,  but  "ce  cas  singulier 
ne  s'etant  pas  encore  presente  k 
Tobservation,  nous  I'exclurons  de 
nos  recherches"  ("Memoire  sur  la 
Theorie  du  Magnetisme,"  '  Mdm.  de 
rinstitut,  Paris,  1826,'  quoted  by 
Thomson,  Reprint,  p.  484).  Stimu- 
lated by  the  discoveries  of  Faraday, 
Pliicker  at  Bonn,  during  the  extra- 
ordinary interval  which  separated 
the  second  from  the  first  period  of 
his  original  geometrical  speculations 
(see  vol.  i.  p.  242  of  this  work),  de- 


voted himself  to  the  study  of  the 
electric  and  magnetic  properties  of 
gases   and   crystals,    and    in    1847 
commenced  that  remarkable  series 
of  physical  memoirs  through  which 
he  became  the  fellow-worker,  if  not 
the  rival,  of  Faraday.     One  of  his 
first  discoveries  was  the  action  of 
magnets   on  crystals,  published  in 
1847    (Pogg.    Ann.,    or    Pliicker's 
'  Physicalische  Abhandlungen,'  ed. 
Pockels,  Leipzig,  1896,  p.   6,  &c.), 
which   supplied   to  Thomson  "the 
very  circumstance  the  observation 
of   which   was   wanting  to   induce 
Poisson  to  enter  upon  a  full  treat- 
ment of  the  subject,  and  made  the 
working    out    of    a    mathematical 
theory  of  magnetic  induction  .  .  . 
independently  of    any    hypothesis 
.  .  .  upon   a   purely   experimental 
foundation  .  .  .  important "  (Thom- 
son, loc.  cit.y  p.  471).      Pliicker  was 
an  original  thinker,  and  mainly  a 
self-taught  genius,  imperfectly  ac- 
quainted  with   the  labours  of  his 
contemporaries     or     predecessors. 
This   has  been  noted  by  hia  biog- 
raphers as  much  in  his  geometrical 
as   in   his  physical  researches   (see 
the  memoirs  of  Clebsch  and  of  Prof. 
Riecke,  prefixed  to  the  two  volumes 
of  the  'Gesammelte Abhandlungen'). 
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47. 
Clerk 
Maxwell. 


Faraday  are  used  merely  for  the  sake  of  describing  and 
calculating  in  the  simplest  manner  phenomena  which 
had  been  experimentally  discovered  :  no  attempt  was 
made  to  explain  physically  how  these  actions  come 
about.  In  fact,  under  the  hands  of  Thomson  the  con- 
ceptions of  Faraday  were  formulated  as  Dalton's  atomic 
theory  had  been  elaborated  by  chemists  in  the  first  half 
of  the  century,  for  the  purpose  of  symbolically  represent- 
ing and  calculating  observed  phenomena. 

But  the  "  lines  of  force  "  of  Faraday  were  not  to  remain 
a  mere  symbolical  representation,  any  more  than  Dalton's 
atoms  were  to  remain  merely  counters  of  a  chemical  arith- 
metic. Both  theories  were  to  be  raised  to  the  rank  of 
physical  theories.  %  What  the  kinetic  theory  of  gases  did 
for  the  atomic  theory  was  done  for  Faraday's  symbolism 
by  the  researches  of  Clerk  Maxwell.  And  as  the  fact 
that  the  molecules  of  matter  could  be  really  counted, 
and  their  distances  and  velocities  measured,  gave  life  and 
actual  meaning  to  the  atomic  view  of  natural  phenomena, 


In  his  early  geometrical  researches 
he  worked  in  ignorance  of  the  re- 
markable '  Traite '  of  Poncelet, 
which  had  been  published  in  1822 
{loc.  cit.f  vol.  i.  p.  594,  &c.) :  even 
the  writings  of  his  countryman 
Mobius  were  unknown  to  him. 
Still  more  extraordinary  was  his 
comparative  unacquaintance  with 
the  electrical  measurements  and 
theories  which  dominated  German 
research  when  he  commenced  his 
physical  labours,  and  which  eman- 
ated from  the  school  of  Gauss  and 
Weber.  But  he  was  equally  ignor- 
ant of  the  purely  mathematical 
theories  of  Poisson  and  Thomson, 
which,  as  he  himself  candidly  con- 
fessed,    might    have    saved    him 


from  important  errors  {loc.  cit.,  vol, 
ii.  p.  460),  and  which  were  later 
made  more  widely  known  in  Ger- 
many by  the  excellent  treatise  of 
his  pupil  Beer  (*  Einleitung  in  die 
Elektrostatik,'  &c.,  Braunschweig, 
1869),  posthumously  edited  by 
Pliicker  himself.  The  fact  that 
Pliicker  was  not  influenced  by  the 
spirit  of  Weber's  researches  prob- 
ably made  him  more  appreciative  of 
Faraday's  purely  physical  methods. 
In  such  names  as  Beer,  Clebsch, 
Klein,  Fessel,  Geissler,  and  Hittorf, 
Pliicker  counts  an  illustrious  array 
of  pupils  and  fellow-workers.  See 
Clebsch's  characteristic  of  Pliicker, 
loc.  cit.,  vol.  i.  p.  xii,  &c. 


SO  the  rays  of  electric  and  magnetic  force  seen  by  Faraday 
in  the  abstraction  of  his  intuitive  mind  became  a  reality 
for  every  experimentalist  when  Hertz  in  1888  actually 
showed  the  wonderful  action  of  electric  waves  at  a  dis- 
tance. Atoms  and  lines  of  force  have  become  a  practical 
—shall  I  say  a  popular  ? — reality,  whereas  they  were  once 
only  the  convenient  method  of  a  single  original  mind  for 
gathering  together  and  unifying  in  thought  a  bewildering 
mass  of  observed  phenomena,  or  at  most  capable  of  being 
utilised  for  a  mathematical  description  and  calculation  of 
actual  effects. 

For  a  quarter  of  a  century  after  Faraday  had  conceived 
the  notion  of  looking  upon  electric  and  magnetic 
phenomena  as  depending  on  a  property  belonging  to 
all  matter,  and  pervading  all  space,  like  radiation  and 
gravity,  the  only  natural  philosopher  who  to  any  extent 
entered  into  his  ideas  was  Thomson.  Even  Tyndall,  who 
came  more  than  any  other  prominent  physicist  under 
Faraday's  immediate  and  personal  influence,  and  contrib- 
uted largely  to  our  knowledge  of  the  new  phenomena 
discovered  by  his  great  master,  does  not  seem  to  have 
assimilated  his  scientific  language  and  reasonino-.  It 
required  a  mathematical  mind  really  to  grasp  and  put 
into  form  Faraday's  notions.  Encouraged  by  Thomson, 
and  soon  after  the  publication  of  Thomson's  mathe- 
matical theory  of  magnetism,  Clerk  Maxwell  devoted 
himself  to  a  theoretical  study  of  electricity  and  allied 
subjects,  a  field  which  Thomson  had  then  almost  mon- 
opolised in  this  country .1     The  first  of  Maxwell's  revolu- 

^  See  Professor  Glazebrook's  little  "Century  Science  Series"  1901. 
book  on  '  James  Clerk  Maxwell  and  On  page  42  a  letter  of  Maxwell  is 
Modern  Physics,'  published  in  the      qUoted,    in    which    he    speaks    of 
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tionary  series  of  works,  '  On  Faraday's  Lines  of  Force,' 
was  published  in  December  1855.  The  series  was 
completed  by  the  appearance  in  1873  of  his  great  work 
on  '  Electricity  and  Magnetism,'  which  has  formed  the 
centre  of  a  large  literature  to  which  all  the  scientific 
schools  of  Europe  and  America  have  contributed.  Histori- 
cally, Maxwell  brought  together  two  distinct  and  very 
fruitful  lines  of  reasoning,  due  to  Faraday  and  Thomson.^ 
He  was  impressed  with  the  desideratum  of  every  physical 
theory  bearing  on  any  large  class  of  phenomena — viz., 
that  it  must  be  mathematical  and  physical  at  the  same 
time.  His  own  theory  had  to  embrace  and  unite  all  the 
purely  arithmetical  and  geometrical  regularities  which 
had  been  discovered,  and  which  at  that  time  were 
known  to  describe  correctly  the  facts  of  electric,  mag- 


**  poaching  upon  Thomson's  electri- 
cal preserves."  In  the  preface  to  the 
treatise  on  electricity  and  magnet- 
ism, he  refers  to  the  apparent  dis- 
crepancy between  the  views  of 
Faradav  and  the  mathematicians, 
and  he  states  that  he  had  arrived 
at  "  the  conviction  that  this  dis- 
crepancy did  not  arise  from  either 
party  being  wrong.  I  was  first 
convinced  of  this,"  he  proceeds,  "by 
Sir  William  Thomson,  to  whose 
advice  and  assistance,  as  well  as  to 
his  published  papers,  I  owe  most  of 
what  I  have  learned  on  the  subject. 
^  In  a  difierent  reference  we  may 
say  that  Maxwell's  theory  was  pre- 
pared by  three  independent  lines  of 
research,  starting  respectively  in 
France,  Germany,  and  England  :  (1) 
The  investigation  of  the  actions  at 
a  distance  of  electrified  and  mag- 
netised bodies,  and  of  electric 
currents,  which  found  mathemati- 
cal expression  in  the  formulie  of 
Coulomb  and  Ampere.      The  full 


significance  and  capabilities  of  the 
formulae  of  electrostatic  and^mag- 
netic  action  had  been  demonstrated 
by  Thomson,  who  especially  showed 
that  these  relations  were  not 
necessarily  confined  to  the  physical 
theory  which  had  been  elaborated 
on  the  Continent,  but  that,  mutatis 
mutandis,  they  lent  themselves 
equally  well  to  the  physical  ideas  of 
Faraday.  (2)  The  exact  measure- 
ments of  magnetic,  electro-dynamic, 
and  galvanic  action  started  by  Ohm 
and  Gauss  in  Germany,  and  much 
extended  by  Weber.  (3)  The  idea 
of  physical  lines  of  force,  filling 
space  and  representing  action 
through  contiguous  particles,  not 
at  a  distance,  elaborated  by  Fara- 
day. These  three  lines  of  research 
were  brought  together  in  the 
theory  of  Maxwell,  which  in  the 
beginning  professed  to  be  only  a 
mathematical  but  ended  by  being  a 
physical  theory. 


netic,  and  galvanic  phenomena,  such  as  Coulomb's  electro- 
static and  magnetic  laws.  Ampere's  electro-dynamic  and 
electro-magnetic  formulae,  and  Ohm's  and  Faraday's  laws 
referring    to    galvanic   currents,  and    many   others.     It 
had  also   to   give   an   intelligible   representation  of  the 
elementary  actions  of  which  these  complicated  phenom- 
ena are  made  up.     In  order  to  arrive  at  the  latter,  the 
method   usually  employed   is   to   look   for   analogies   in 
other  provinces  of  science  where  the  desired  unification 
has   already   been    brought  about.       The   great  natural 
philosophers  of  the  French  school  who  had  so  success- 
fully accomplished  the   most  extensive    unification  yet 
attempted  in  any  large  branch  of  knowledge — the  uni- 
fication of  physical  astronomy  under  Newton's  gravita- 
tion formula — had   tried   to  follow  up  this  analogy  in 
other  realms   of    research,  and   had   developed  what    I 
called    in   a   former  chapter  the   astronomical   view    of 
natural  phenomena.     Ampere,  and  notably  Weber,  had 
extended    this  analogy   so   as  to  embrace    electric    and 
magnetic    phenomena.       There    was,    however,    another 
analogy  which  was   more  familiar  to  the  great  experi- 
mentalists in  this  country,  notably  to  Faraday — namely, 
the  analogy  of  those  various  phenomena  which  depend 
on  processes  of  emanation,  of  a  gradual  spreading  out, 
of  a  flow  or  conduction:    those  phenomena  where  the 
factor  of  time  comes  in,  and  where  an  apparently  sta- 
tionary condition  is  brought  about  by  a  mode  of  motion, 
or  what    has    been    termed    a    "dynamic    equilibrium." 
Thomson,  starting  from  Fourier's  mathematical  analysis 
of  such  processes,  had  been  led  to  see  how  far-reaching 
this  malogy  is,  and  had  latterly  (1852)  extended  it  to 
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embrace  the  processes  of  the  flow  of  heat,  of  electricity, 
magnetic  and  diamagnetic,  and  of  fluid  motion.  "He 
called  attention  to  the  remarkable  resemblance  which 
the  diagrams  of  flow  bore  to  those  which  Mr  Faraday 
had  recently  shown  at  the  Royal  Institution  to  illus- 
trate his  views  regarding  the  action  of  ferro- magnetics 
and  diamagnetics  in  influencing  the  field  of  force  in 
which  they  are  placed,  and  justified  and  illustrated  the 
expression  *  conducting  power  for  the  lines  of  force '  by 
referring  to  rigorous  mathematical  analogies  presented 
by  the  theory  of  heat."^ 

This  view,  which  Thomson  had  merely  shadowed  forth, 
was  more  fully  worked  out  by  Maxwell  in  1855  and 
1861.  His  methods^  were  "generally  those  suggested  by 
the  processes  of  reasoning  which  are  found  in  the  re- 
searches of  Faraday,  and  which,  though  they  had  been 
interpreted  mathematically  by  Prof.  Thomson  and  others, 
are  very  generally  supposed  to  be  of  an  indefinite  and 
unmathematical  character  when  compared  with  those 
employed  by  the  professed  mathematicians."  The  first 
addition  which  he  introduced,  by  which  he  made  Fara- 
day's "  lines  of  force  "  mathematically  more  definite,  was 
to  change  them  into  "  tubes  of  force,"  which  represented 
not  only  the  direction  of  force  at  every  point  of  space, 
but  also — according  to  their  sectional  dimensions — the 
intensity  of  the  force.     These  tubes  were  supposed  to  be 


^  Abstracts  of  two  communica- 
tions to  the  British  Association  at 
Belfast  in  1852,  "On  certain  Mag- 
netic Curves  :  with  Applications  to 
Problems  in  the  Theories  of  Heat, 
Electricity,  and  Fluid  Motion " 
(Reprint  of  Papers,  &c.,  p.  519,  &c.) 


2  James  Clerk  Maxwell  "On 
Faraday's  Lines  of  Force,"  'Trans- 
actions of  the  Cambridge  Philo- 
sophical Society/  1855.  See 'Col- 
lected Scientific  Papers,'  vol.  i.  p. 
157. 


filled  with  a  moving  fluid,  and  the  velocity  of  the  flow — 
inversely  proportional  to  the  sectional  area  of  the  tubes 
—represented  the  intensity  of  the  force  at  any  point  in 
space.  He  also  showed  how  very  much  simpler  the  con- 
ception becomes,  if  the  law  of  the  acting  forces  is  the 
experimentally  established  law  of  the  inverse  square  of 
the  distance. 

This  thought  of  "  referring  to  the  purely  geometrical 
idea  of   the   motion  of  an   imaginary  fluid "  ^  was   the 
beginning   of   the    now   universally   adopted   view   of   a 
very  large  class  of  phenomena,  and  it  was  at  the  same 
time  a  great  step   in   the   development  of   the   kinetic 
or  mechanical  view  of  natural  processes.     These  lines  or 
tubes  of  force,^  with  which  all  space  surrounding  magnets 
or  electrified  bodies  was  supposed  to  be  filled,  enabled 
Maxwell  further  to  give  a  definite  representation  of  that 
peculiar  state   of  matter   of   which    Faraday   had   very       50. 
early  formed   an   indefinite    conception,   and   which    he  SSV' 
called   the  "  electrotonic   state."     Thomson  had  already '^  "''"''* 
in  1847  ^  shown  how  the  ideas  of  Faraday,  who  as  early 

^  How  little  Maxwell   originally 
intended  to  give  a  physical  theory 
is  seen  from   the  concluding  sen- 
tences of  the   introduction  to  his 
first  paper  {loc.  cit.,  vol.  i.  p.  159)  : 
"By  referring   everything   to   the 
purely    geometrical     idea    of    the 
motion   of   an    imaginary   fluid,    I 
hope  to  attain  generality  and  pre- 
cision, and   to  avoid   the   dangers 
arising  from   a   premature   theory 
professing  to  explain  the  cause  of 
the  phenomena.     If  the  results  of 
mere    speculation    which    I    have 
collected  are  found  to  be  of  any 
use  to  experimental   philosophers, 
m  arranging  and  interpreting  their 
results,  they  will  have  served  their 

VOL.  II. 


purpose,  and  a  mature  theory,  in 
which  physical  facts  will  be  physi- 
cally explained,  will  be  formed  by 
those  who  by  interrogating  Nature 
herself  can  obtain  the  only  true 
solution  of  the  questions  which  the 
mathematical  theory  suggests." 

2  Faraday  had  already  in  1852 
spoken  of  shells  and  tubes  of  force, 
and  invented  the  term  sphondyloid 
to  denote  the  portion  of  space  en- 
closed between  such  shells  of  force 
('Exp.  Res.,'  vol.  iii.,  No.  3271). 

3  In  1847  ('Cambr.  and  Dubl. 
Math.  Journal,'  reprinted  in  'Math, 
and  Phys.  Papers,'  vol.  i.  p.  76) 
Thomson  wrote  that  Faraday's 
theory    of    electrostatic    induction 
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as  1831  conceived  this  peculiar  condition  of  matter  to 
be  equivalent  to  a  state  of  strain,  could  be  represented 
by  the  mechanical  analogy  of  the  strains  existing  in  an 
elastic  solid.  He  had  distinguished  three  distinct  forms 
of  this  elastic  strain,  and  had  identified  these  three 
forms  severally  with  electrostatic,  magnetic,  and  galvanic 
forces.  He  had  not  given  a  physical  explanation  of  the 
origin  of  these  forces,  but  had  merely  used  the  "  mathe- 
matical analogies  of  the  two  problems  (the  electrical  and 
the  elastic)  to  assist  the  imagination  in  the  study  of 
both."^  Maxwell  now  took  a  further  step  and  pro- 
ceeded to  give  a  physical  or  mechanical  description  of  the 
nature  of  this  state  of  stress,  of  the  electrotonic  state  of 
matter.  With  this  object  in  view  he  conceives  of  a 
medium  which  is  capable  of  exerting  force  on  material 
bodies    by    being    itself    strained,    and    exhibiting    the 


"  suggests  the  idea  that  there  may 
be  a  problem  in  the  theory  of 
elastic  solids  corresponding  to  every 
problem  connected  with  the  distri- 
bution of  electricity  on  conductors, 
or  with  the  forces  of  attraction  and 
repulsion  exercised  by  electrified 
bodies.  The  clue  to  a  similar  re- 
presentation of  magnetic  and  gal- 
vanic forces  is  afforded  by  Mr 
Faraday's  recent  discovery  of  the 
affection,  with  reference  to  polarised 
light,  of  transparent  solids  sub- 
jected to  magnetic  or  electro- 
magnetic forces." 

^  Quoted  from  Maxwell's  paper 
"  On  Physical  Lines  of  Force,"  in 
the  *Philo8.  Mag.'  1861  (see  *  Coll. 
Papers,'  vol.  i.  p.  453),  in  which 
Maxwell  applies  Rankine's  concep- 
tion of  molecular  vortices  to  the 
representation  of  magnetic  pheno- 
mena. He  refers  to  his  earlier  paper 
(1855)  on   (geometrical)   "lines  of 


force"  in  which  he  had  "shown 
the  geometrical  significance  of  the 
electrotonic  state,"  and  had  used 
"mechanical  illustrations  to  assist 
the  imagination,  but  not  to  ac- 
count for  the  phenomena."  "I 
now,"  he  says,  "propose  to  examine 
magnetic  phenomena  from  a  me- 
chanical point  of  view,  and  to 
determine  what  tensions  in,  or 
motions  of,  a  medium  are  capable 
of  producing  the  mechanical  pheno- 
mena observed.  If  by  the  same 
hypothesis  we  can  connect  the 
phenomena  of  magnetic  attraction 
with  electro-magnetic  phenomena, 
and  with  those  of  induced  cur- 
rents, we  shall  have  found  a  theory 
which,  if  not  true,  can  only  be 
proved  to  be  erroneous  by  expen- 
ments  which  will  greatly  enlarge 
our  knowledge  of  this  part  of 
physics"  (ibid.,  p.  452). 
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phenomena  of  tension  and  pressure   (magnetic  action) 
as  also  of  motion  of  its  parts  (electro-magnetic  action). 
Now  m  a  medium  which  is  so  constituted— t.,    which 
possesses  elastic   mobility  of  its  parts-we   know  that 
by  a  whirling  or  vortex  motion  phenomena  of  pressure 
and  tension  can  be  produced  in  certain  parts,  and  the 
questions  accordingly  presented  themselves  to  Maxwell 
How  by  such  tension  and  pressure  in  certain  parts  of  the 
medium  can  magnetic  phenomena  be  represented  ?  and 
How  can  the  vortices  communicate  motion  to,  or  receive 
motion   from,   the   interlying  movable   particles  of   the 
medium  ?     He  succeeded  in  working  out  a  very  complete 
model  of  such  a  medium,  representing  by  its  mechanical 
motions  both  magnetic  and  electro- magnetic  phenomena. 
Especially   was   he   successful    in    visualising    Faraday's 
lines  or  tubes  of  force,  and  endowing  them  with   nie- 
chanically  measurable  forces.     Maxwell  admits  that  "  his 
conception  .   .   .  may   appear    somewhat    awkward       I 
do  not,"  he  says,  "  bring  it  forward  as  a  mode  of  con- 
nection existing  in  nature.  ...  It  is,  however,  a  mode 
of  connection   which    is    mechanically    conceivable   and 
easily  investigated ;  ...  so  that  I  venture  to  say  that 
any  one  who  understands  the  provisional  and  temporary 
character  of  this    hypothesis  will    find    himself    rather 
helped  than  hindered  by  it  in  his  search  after  the  true 
interpretation  of  the  phenomena." » 


Collected  Papers,' vol.  i.  p.  486. 
« the  end  of  his  paper  on  physical 
lies  of  force,  Maxwell  touches  on 
m  philosophical  question,  "  how 
"inch  evidence  the  explanation  of 
Ptenomena  lends  to  the  credibility 
»i  a  theory,  or  how  far  we  ought  to 


regard  a  coincidence  in  the  mathe- 
matical expression  of  two  sets  of 
phenomena  as  an  indication  that 
these  phenomena  are  of  the  same 
kind  We  know  that  partial  co- 
incidences of  this  kind  have  been 
discovered ;  and  the  fact  that  they 
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The  idea  of  a  medium  of  extreme  rarity,  pervading  all 
space  and  interpenetrating  all  matter,  capable  also  of  the 
elastic  reactions  of  a  solid  body,  was  not  repugnant  to 
physicists  at  the   time  when   Maxwell  wrote.     Though 
violently  opposed  forty  years  earlier  when  proposed  by 
Fresnel  and  Young,  it  had  gradually,  through  the  de- 
velopment of  optical  theories,  become  a  well- recognised 
instrument  of  scientific  thought.     In  such  a  medium  a 
disturbance  or  displacement  is  propagated  with  a  certain 
velocity  dependent  on  its  elastic  nature— the  so-called 
constants  of  density  and  rigidity.     Now,  looking  upon  a 
charge  of  electricity  not  as  a  material   something— an 
imponderable— but  as  a  displacement  of   the    medium, 
the  question  arose,  Does  the  velocity  with  which  such  a 
displacement  travels   compare   at   all   with    the   known 
velocities  of  other  elastic  disturbances,  such  as  light  is 
conceived  to  be?     It  was  known   to   electricians  that 
an  amount  or  charge  of  electricity  can  be  either  station- 
ary   (called    statical    electricity)    or    in    motion    (called 
an  electric  current) ;  and  Weber  and  Kohlrausch  had  in 
1856  actually  measured  the  number  of  units  of  statical 
electricity  which  must  flow  through  an  electric  circuit  in 
order  to  produce  the  known  mechanical  effect  of  a  unit 
of  electric  current.     The  quantity  which  they  found,  and 
which  corresponded  to  a  velocity,  was  of  the  same  order 
^Hi.ht       as  the  velocity  with  which  the  elastic  disturbance  which 
ifeiricity.    we  call  light  is  known  to  travel.     Maxwell  was  the  first 


51. 
Corre- 
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are  only  partial  is  proved  by  the 
divergence  of  the  laws  of  the  two 
sets  of  phenomena  in  other  respects. 
We  may  chance  to  find,  in  the 
higher  parts  of  physics,  instances  of 


more  complete  coincidence  whicli 
may  require  much  investigation  to 
detect  their  ultimate  divergence 
(p.  188). 


to  see  the  physical  significance  of  this  correspondence.^ 
"I  have  deduced  the  relation  between  the  statical  and 
dynamical  measures  of  electricity,  and  have  shown  by  a 
comparison  of  the  electro-magnetic  experiments  of  MM. 
Kohlrausch  and  Weber  with  the  velocity  of  light  as 
found  by  M.  Fizeau,  that  the  elasticity  of  the  magnetic 
medium  in  air  is  the  same  as  that  of  the  luminiferous 
medium,  if  these  two  coexistent,  coextensive,  and  equally 
elastic  media  are  not  rather  one  medium."  ^ 

After  having  pointed  out  this  remarkable  correspond- 
ence and  other  analogies  between  electrical  and  optical 
properties  which  could  be  verified  by  experiment.  Max-  ^^  52. 
well  seems  to  have  felt  satisfied  that  a  dynamical  or  ^f  thTSme 
kinetic  explanation  of  electric  and  magnetic  phenomena  ^^^^^^ 
based  upon  rotary  and  translational  motions  and  elastic 
strains  in  the  magnetic  field  was  quite  possible.  The 
detailed  descriptions  given  in  his  earlier  papers  he  looked 
upon  merely  as  crude  mechanical  devices  by  which  some 
of  the  known  effects  of  magnets  and  currents  could  be 
described.  The  valuable  result  was,  that  the  electro- 
magnetic field  could  be  looked  upon  as  a  mechanical 
system ;  that  the  observed  actions  at  a  distance  could 
be  conceived  as  communicated  through  this  mechanical 
system  in  definite  measurable  time;  and  that  certain 
analogies  had    been  pointed    out  as  existing    between 


1  Thilos.  Mag.,'  January  and  Feb- 
ruary, 1862  ;  '  Coll.  Papers,'  vol.  i. 
p.  492. 

'^  Cf.  'Coll.  Papers,'  vol.  i.  p.  500 : 
*'  The  velocity  of  transverse  undula- 
tions in  our  hypothetical  medium, 
calculated  from  the  electro-magnetic 
«xperiment8  of  MM.  Kohlrausch  and 


Weber,  agrees  so  exactly  with  the 
velocity  of  light  calculated  from  the 
optical  experiments  of  M.  Fizeau, 
that  we  can  scarcely  avoid  the  in- 
ference that  light  consists  in  the 
transverse  undulations  of  the  same 
medium  which  is  the  cause  of  electric 
and  magnetic  pJiienomena. " 
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optical,  electrical,  and  magnetic  phenomena,  which  by 
carefully  devised  experiments  might  be  verified  and 
extended. 

Through  Maxwell,  following  on  Faraday  and  Thomson, 
the  treatment  of  electric  and  magnetic  phenomena  had 
thus  entered  on  a  similar  stage  to  that  which  the 
treatment  of  optical  phenomena  had  attained  half  a 
century  earlier  through  Young  and  Fresnel.  A  kinetic 
or  mechanical  view,  more  or  less  precise  and  definite,  had 
been  propounded;  a  considerable  number  of  facts  liad 
been  brought  into  connection,  into  line  and  order;  the 
direction  which  experimental  research  must  take  had 
been  indicated ;  and  finally  a  correspondence  had  been 
established  between  two  great  groups  of  phenomena,  those 
of  electricity  and  magnetism  on  the  one  side,  those  of 
light  on  the  other.  It  might  have  been  expected  that 
Maxwell  would  now  take  the  same  course  as  that  taken 
by  Fresnel  about  the  year  1820,  and  perfect  his  views 
by  giving  his  theory  of  molecular  vortices  greater  pre- 
cision and  definiteness — i.e.,  by  perfecting  the  electro- 
magnetic model,  as  Fresnel  and  others  perfected  in  their 
time  the  system  of  vibrations  by  which  they  visualised 
the  processes  of  light.  This  is  not  the  method  which 
Maxwell   adopted.^     In   his  later  and   more  important 


^  The  progress  of  Maxwell's  reason- 
ing is  clearly  marked  in  the  three 
memoirs,  belonging  respectively  to 
the  years  1855,  1861,  and  1864,  of 
which  the  last  appeared  in  the 
'  Transactions '  of  the  Royal  So- 
ciety, and  which  are  reprinted  in 
the  first  volume  of  the  '  Collected 
Scientific  Papers. '  The  first  memoir 
on  "Faraday's  Lines  of  Force"  ad- 
heres strictly  to  the  mathematical 


formulation  of  Faraday's  concep- 
tion, much  in  the  spirit  of  Thom- 
son's many  expositions.  The  second, 
on  '*  Physical  Lines  of  Force,"  fol- 
lows Faraday  in  the  attempt  to  take 
the  original  symbol  in  real  earnest 
as  a  physical  arrangement,  and  de- 
vises, or  applies  for  that  purpose, 
the  theory  of  molecular  vortices. 
The  third  memoir,  which  is  by  far 
the  most   important  and  original, 


writings  he  adopted  a  different  and  more  general  process 
of  reasoning.  If  electrical  and  magnetic  as  well  as 
optical  phenomena  are  produced  by  the  motions  of  the 
parts  of  a  medium  possessed  of  certain  mechanical  pro- 
perties, this  medium  represents  a  mechanical  system,  and 
must  therefore  be  subject  to  the  general  laws  which 
regulate  all  mechanical  systems.     These  general  laws  are       53. 

°  .      .  Consc- 

laid  down  in  dynamics,  where  it  is  shown  that  a  complete  JJJ^^fjg^fjnes 
knowledge  of  the  behaviour  of  such  a  system  can   be  oflnergyf 
reduced  to  the  knowledge  of  the  distribution  in  it  of  a 
quantity  called  Energy. 
I  intend  in  the  next  chapter  to  trace  historically  the 


drops  this  somewhat  crude  device, 
as  well  as  the  older  theory  of  par- 
ticles acting  at  a  distance,  with 
forces  which,  according  to  Weber, 
depend  on  their  velocities,  and  starts 
from  "the  conception  of  a  compli- 
cated mechanism  capable  of  a  vast 
variety  of  motion,  but  at  the  same 
time  so  connected  that  the  motion 
of  one  part  depends  ...  on 
the  motion  of  other  parts,  these 
motions  being  communicated  by 
forces  arising  from  the  relative  dis- 
placement of  the  connected  parts,  in 
virtue  of  their  elasticity  "  (Papers, 
vol.  i.  p.  533).  He  further  says  : 
"I  have  on  a  former  occasion  at- 
tempted to  describe  a  particular 
kind  of  motion  and  a  particular 
kind  of  strain,  so  arranged  as  to 
account  for  the  phenomena.  In 
the  present  paper  I  avoid  any  hy- 
pothesis of  this  kind  ;  and  in  using 
such  words  as  electric  momentum 
and  electric  elasticity  in  reference 
to  the  known  phenomena  of  the  in- 
duction of  currents  and  the  polar- 
isation of  dielectrics,  I  wish  merely 
to  direct  the  mind  of  the  reader  to 
Mechanical  phenomena  which  will 
assist   him  in  understanding    the 


electrical  ones.  All  such  phrases 
in  the  present  paper  are  to  be  con- 
sidered as  illustrative,  not  as  ex- 
planatory. In  speaking  of  the 
energy  of  the  field,  however,  I 
wish  to  be  understood  literally.  All 
energy  is  the  same  as  mechanical 
energy,  whether  it  exists  in  the 
form  of  motion  or  in  that  of  elas- 
ticity, or  in  any  other  form.  The 
energy  in  electro  -  magnetic  phe- 
nomena is  mechanical  energy.  The 
only  question  is,  Where  does  it 
reside?  On  the  old  theories  it 
resides  in  the  electrified  bodies, 
conducting  circuits,  and  magnets, 
in  the  form  of  an  unknown  quality 
called  potential  energy,  or  the  power 
of  producing  certain  eflfects  at  a 
distance.  On  our  theory  it  resides 
in  the  electro-magnetic  field,  in  the 
space  surrounding  the  electrified 
and  magnetic  bodies,  as  well  as  in 
those  bodies  themselves,  and  is  in 
two  different  forms,  which  may  be 
described  without  hypothesis  as 
magnetic  polarisation  and  electric 
polarisation,  or,  according  to  a  very 
probable  hypothesis,  as  the  motion 
and  the  strain  of  one  and  the  same 
medium  "  (p.  563). 
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growth  of  this  conception  as  applied  not  only  to  the 
energy  of  visible  and  measurable  mechanical  motion,  but 
to  all  other  forces  of  nature  which  have  in  the  course  of 
the  century  not  only  been  measured  in  terms  of  this 
one  quantity,  but  also  represented  with  more  or  less 
success  as  dependent  on  the  energy  of  specific  forms  of 
motion,  be  this  rotatory  or  vibratory  or  translational 
motion,  regular  and  periodic  or  irregular  and  disorderly 
motion.  It  is  clear  that  such  a  general  abstract  view  as 
Maxwell  (first  among  natural  philosophers)  took  of  a 
special  problem  was  only  possible  after  it  had  been 
shown  how  all  physical  and  chemical  actions  and  effects 
can  be  reduced  to  a  common  measure.  The  influence  of 
the  development  of  these  views  on  the  kinetic  view  of 
nature  has  been  very  great.  The  first  and  most  natural 
effect  of  measuring  all  forces  of  nature  in  terms  of  the 
energy  of  motion  is  to  strengthen  the  kinetic  view  of 
natural  phenomena.  This,  however,  is  not  the  only  view 
which  is  possible,  or  which  has  been  taken,  as  I  shall 
endeavour  to  show  more  fully  hereafter. 

The  influence  of  Maxwell's  ideas  on  scientific — nay, 
even  on  popular — thought  has  been  very  considerable. 
The  main  conception  around  which  research,  both  mathe- 
matical and  experimental,  has  moved  during  the  last 
twenty  years  is  the  conception  of  light  as  an  electro- 
magnetic phenomenon.  This  view  has  been  much  sup- 
ported and  extended  by  the  experiments  of  Heinrich 
Hertz,  who  by  ingenious  contrivances  succeeded  in 
actually  exhibiting  electro  -  magnetic  waves,  and  in 
showing  how  they  differ  from  light  waves  merely  in 
length   and    period,   and    agree   with    them   so    far    as 


reflexion  and  refraction  and  other  properties  are  con- 
cerned. Luminous  waves  are  now  considered  by  many 
physicists  to  be  merely  electro-magnetic  waves  of  short 
wave  length  and  great  frequency,  such  as  the  organ  of 
vision  is  capable  of  perceiving  in  the  form  of  light. 
The  electric  and  magnetic  medium  is  identical  with  the 
luminiferous  ether,  postulated  by  Young  and  Fresnel, 
and  rays  of  light  are  merely  an  electric  and  magnetic 
disturbance  propagated  as  a  periodic  or  wave  motion. 

These  discoveries  and  theories  have  gone  a  long 
wa'/to  destroy  the  older  astronomical  view  of  natural 
phenomena,  which  explained  many  effects  by  the  action 
at  a  distance  of  particles  of  ponderable  or  imponderable 
matter.  The  firm  conviction  has  taken  hold  of  the 
modern  scientific  intellect  or  imagination  that  space  is  a 
'plenum  filled  with  a  continuous  medium,  and  that  the 
undoubted  atomic  nature  of  ponderable  matter  may  be 
owing  merely  to  a  specific  and  unmodifiable  form  of 
motion  with  such  properties  as  Lord  Kelvin  has  shown 
to  belong  to  vortex  filaments.  The  difficulty  still  re- 
mains how  to  explain  the  phenomenon  of  gravitation  as 
well  as  the  increased  amount  of  inertia  or  mass  which 
belongs  to  all  ponderable  matter  as  compared  with  that 
material  substance  which  we  call  ether. 

The  reason  why  Maxwell  abandoned  his  earlier 
schemes,  in  which  he  tried  to  construct  a  mechanical 
model  of  the  electro-magnetic  field,  is  not  quite  clear.^ 
The  idea  has,  however,  been  taken  up  by  others,  and 
elaborate  descriptions  have  been  attempted,  by  which  the 

^  A  suggestion  regarding  this  is  given  by  Dr  J.  Larmor  in  '^Ether  and 
Matter,'  p.  28. 
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processes  going  on  in  the  neighbourhood  of  electrically 
charged  bodies,  of  electric  currents,  of  magnets  and 
diamagnets,  can  be  visualised.^  For  didactic  purposes 
such  elaborate  models  may  prove  to  be  of  great  value, 
though  as  a  true  mechanical  basis  of  a  physical  theory  of 
natural  processes  they  have  to  be  received  with  caution. 
None  of  those  physicists  who  have  expended  their  ingen- 
uity in  devising  these  contrivances  seem  to  attach  more 
than  a  symbolic  or  ideal  value  to  them :  they  have,  how- 
ever, the  desired  effect  of  producing  on  the  mind  of  the 
learner,  of  the  practical  inventor,  or  of  a  popular 
audience  a  strong  conviction  that  all  physical  phenomena 
can  be  described  as  processes  of  motion,  and  that  the 
ultimate  solution  of  the  problem  of  natural  philosophy  is 
to  be  found  in  a  kinetic  or  mechanical  view  of  pheno- 
mena.      Physics   and   chemistry   are,  according   to   this 


^  Such  illustrations  may  be  found 
in  Dr  Oliver  Lodge's  '  Modern 
Views  of  Electricity,'  a  book  which 
has  had  a  large  circulation  and  has 
helped  to  difiuse  correct  and  practi- 
cally useful  ideas  on  electric  and 
magnetic  problems  and  phenomena. 
There  is  a  danger  of  such  mechani- 
cal illustrations  becoming  too  rigid 
and  of  their  being  taken  too  literally ; 
still,  for  the  purposes  of  practical 
application  and  handling  it  is  indis- 
pensable to  possess  some  mechanical 
mode  of  representation  and  con- 
struction by  which  actual  problems 
can  be  readily  solved.  The  success 
of  Dr  Lodge's  attempt  both  in  this 
country  and  on  the  Continent, 
especially  in  Germany,  proves  suf- 
ficiently that  it  meets  a  much-felt 
want.  See  inter  alia  Prof.  Rosen- 
berger's  five  lectures,  '  Die  moderne 
Entwickelung  der  elektrischen  Prin- 
cipien,'  Leipzig,  1898,  p.  133.      A 


great  authority  abroad,  Prof.  Lud- 
wig  Boltzmann,  has  made  use  of  a 
peculiar  kind  of  mechanical  motion, 
investigated  by  Helmholtz,  to  il- 
lustrate electrical  phenomena.  The 
characteristic  of  such  motion  — 
which  is  termed  cyclic — is  this, 
' '  that  in  the  place  of  every  particle 
which  changes  its  position,  an  equal 
and  equally  moving  particle  enters, 
so  that  the  condition  of  the  system 
during  the  motion  is  nowise  al- 
tered "  ('  Vorlesungen  iiber  Max- 
well's Theorie,'  Leipzig,  1891  and 
1893,  vol.  i.  p.  14).  Cycles  can  be 
'  *  coupled,"  &c.  The  general  dyna- 
mical relations  of  such  cyclic 
systems  are  investigated,  and  by 
introducing  the  necessary  restric- 
tions, based  upon  experimental 
facts,  and  suitable  hypotheses- 
facts  and  hypotheses  being  clearly 
distinguished  —  the  general  equa- 
tions of  Maxwell  are  arrived  at. 
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view,  destined  to  become  ultimately  merely  chapters  in 
dynamics  as  the  doctrine  of  mechanical  motion, 

A  similar  reluctance  to  look  upon  the  vibrations  of  the 
luminiferous  ether  merely  as  a  convenient  symbolism,  as  a 
crude  method  of  visualising  molecular  processes,  which  in 
reality  we  cannot  picture  to  ourselves,  does  not  seem  to 
have  troubled  the  minds  of  the  great  propounders  of  the 
undulatory    theory    of    light— i.g.,   of    the   elastic    solid 
theory,  as  it  is  now  termed  in  contradistinction  to  the 
electro-magnetic  theory  propounded   by  Maxwell.     The 
greatest  living  exponent  of  the  former  view,  Lord  Kelvin, 
who  in  his  Baltimore  Lectures  grappled  with  the  diffi- 
culties which  still  beset  that  view — falling  back  on  the 
principle  of  optical  consonance  and  resonance,  suggested 
by  Professor  Stokes  to  explain  some  of  the  interactions  of 
the  ether  and  ponderable  matter  ;  upon  the  theory  of  free 
and  forced  vibrations,  suggested  by  Bessel  and  Sellmeier ; 
and  on  his  own  fruitful  suggestion  of  the  vortex  atom 
to  explain  some  of  the  properties  of  ponderable  atoms 
moving  in  the  continuum  which  fills  all  space — expresses       55. 
himself  very  definitely  on  this  point.      "  We  must  not  °»^^*^e 

,.  .  vibrations 

listen  to  any  suggestion  that  we  may  look  upon  the  ^^*^e  ether, 
luminiferous  ether  as  an  ideal  way  of  putting  the  thing. 
A  real  matter  between  us  and  the  remoter  stars  I  believe 
there  is,  and  that  light  consists  of  real  motions  of  that 
matter,  motions  just  such  as  are  described  by  Fresnel  and 
Toung,  motions  in  the  way  of  transverse  vibrations.  If 
I  knew  what  the  magnetic  theory  of  light  is,  I  might  be  ' 
able  to  think  of  it  ip  relation  to  the  fundamental 
principles  of  the  wave  theory  of  light.  But  it  seems  to 
me  rather  a  backward  step  from  an  absolutely  definite 


f'  .1 


■  i 


92 


SCIENTIFIC   THOUGHT. 


KINETIC   OR   MECHANICAL   VIEW   OF   NATURE.    "  93 


mechanical  notion  that  is  put  before  us  by  Fresnel  and 
his  followers,  to  take  up  the  so-called  electro-magnetic 
theory  of  light  in  the  way  it  has  been  taken  up  by  several 
writers  of  late." 

But  whilst,  no  doubt,  the  train  of  reasoning  started  by 
Maxwell,  and  developed  by  his  followers,  has  somewhat 
destroyed  the  simplicity  and  directness  which  the  older 
vibratory  theory  of  light  and  the  kinetic  theory  of  gases 
had  brought  into  our  mechanical  views  of  natural 
phenomena,  the  subsequent  experimental  proof  of  the 
existence  of  electric  waves  by  Hertz  has  done  much 
popularly  to  strengthen  that  view.  The  discovery  of 
other  kinds  of  rays,  by  Lenard,  Kontgen,  and  others,  has 
likewise  tended  in  the  same  direction,  though  their  exact 
nature  is  still  a  subject  of  much  conjecture. 

Nor  can  it  be  denied  that  the  practical  usefulness 
also  of  these  lately  discovered  forms  of  radiation  has 
tended  in  the  same  direction ;  as  has,  all  through  the 
last  thirty  years,  the  enormous  development  of  electrical 
industry  in  its  many  branches.  Up  to  the  beginning 
of  the  nineteenth  century  the  principal  electric  and 
magnetic  phenomena  known  were  what  we  term  stat- 
ical: the  study  of  these  centred  in  the  conception  of 
electric  and  magnetic  charges  concentrated  on  or  in 
conductors  and  acting  at  a  distance.  The  practical 
interest  was  limited  to  mariners'  compasses  and  light- 
ning-conductors. The  discovery  of  the  galvanic  current, 
and  still  more  its  applications  by  Davy  to  the  decom- 
position of  the  most  refractory  chemical  compounds, 
introduced  an  entirely  new  class  of  phenomena.  Con- 
tinental science,  in  Coulomb,  Ampere,  and  Weber,  first 


developed  the  line  of  reasoning  and  research  suggested 
by  statical  phenomena  and  applied  this  to  dynamical 
phenomena.  Faraday,  following  Davy,  approached  the 
subject  from  the  point  of  view  of  the  chemist.  It  was 
soon  suspected,  and  latterly  proved  by  actual  measure- 
ments,'that  the  quantities  which  come  into  play  in 
I  statical  charges,  and  even  in  a  violent  thunderstorm,  are 
small  compared  with  those  of  a  steady  electrical  current. 
The  phenomena  of  electricity  in  motion  became  of  in- 
finitely more  practical  importance  than  those  of  elec- 
trical equilibrium  or  of  static  tension.  The  views  of 
Faraday,  Thomson,  and  Maxwell,  which  Helmholtz, 
educated  though  he  was  in  the  Continental  methods, 
adopted  and  introduced  into  German  scientific  literature, 
lent  themselves,  as  he  recognised,  more  successfully  and 
directly  to  the  solution  of  the  problems  which  applied 
science  forced  upon  theorists. 

Something,  indeed,  has  been  lost  by  this  fundamental 
change    which    has    come    over    modern    reasoning    in 
electrical    matters.     This    has    been    most    clearly    and  ^^^J^.^^ 
pointedly  expressed  by  M.  Poincare,  the  eminent  French  ^^-^^fj^^ 
mathematician,    who    has    done    so    much    to    illumine  SS^!'"" 
physical  and  mechanical  problems  from  the  side  of  pure 
mathematics.     "Maxwell,"  he   says,  "does  not    give  a 
mechanical  explanation  of  electricity  and  magnetism  ;  he 
confines  himself  to  the  proof  that  such  an  explanation  is 
possible."    Accordingly,  those  who  were  brought  up  in  the 
traditions  of  the  school  of  Laplace  and  Cauchy  feel  dis- 
mayed at  the  indefiniteness  which  adheres  to  the  exposi- 
tions of  Maxwell's  latest  and  greatest  work.     "  A  great 
French  philosopher,"  M.  Poincare  proceeds,  "  one  of  those 
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who  have  most  completely  fathomed  Maxwell's  work, 
said  to  me  once,  '  I  understand  everything  in  the  book 
except  what  is  meant  by  an  electrically  charged  body.' " 
Professor  Glazebrook  tells  us :  "  We  cannot  find  in  the 
*  Electricity '  an  answer  to  the  question,  What  is  an 
electric  charge  ?  Maxwell  did  not  pretend  to  know,  and 
the  attempt  to  give  too  great  definiteness  to  his  views 
on  this  point  is  apt  to  lead  to  a  misconception  of  what 
those  views  were.  .  .  .  Still,  in  order  to  grasp  Maxwell's 
theory,  this  knowledge  is  not  necessary." 

Nevertheless,  Maxwell's  followers  in  this  country  and 
abroad  are  not  satisfied  to  leave  those  points  which  are 
obscure  or  indefinite  in  his  theory  unilluminated.  I  have 
already  referred  to  the  valuable  practical  illustrations  of 
Lodge.  What  has  been  done  in  a  more  systematic 
manner  on  the  Continent  and  at  home  I  shall  briefly 
refer  to  at  the  end  of  the  next  chapter.  We  may  call  it 
a  revival  of  the  atomic  view  of  electricity. 


CHAPTER    VII. 

ON    THE    PHYSICAL   VIEW    OF    NATURE. 

I  HAVE  already  remarked  that  none  of  the  three  great  j^^^^^i^^, 
generalisations  which  we  have  so  far  reviewed  have  been  t*^»- 
creations  of  the  philosophers  of  the  nineteenth  century. 
Their  first  enunciation  belongs  to  antiquity,  though  they 
have  only  within  the  last  three  hundred  years  been  ex- 
pressed in  sufficiently  precise  terms  to  permit  of  practical 
measurements  and  mathematical  deductions.  The  first 
step  towards  a  scientifically  comprehensive  employment 
of  the  familiar  but  vague  terms  of  attraction,  of  atoms, 
and  of  undulations  came,  as  we  have  seen,  in  each 
case  from  some  solitary  thinker  of  this  country:  from 
Newton,  from  Dalton,  from  Thomas  Young.  The  system- 
atic elaboration  belongs  to  the  combined  scientific  exer- 
tions of  all  the  civilised  nations  of  the  world.  In  books 
on  astronomy,  physics,  and  chemistry,  up  to  the  middle  of 
the  century,  we  can  hardly  find  any  theoretical  exposi- 
tions which  are  not  based  upon  one  or  more  of  these 
three  ideas.  Indeed  they  govern  the  entire  science  of 
inanimate  nature  during  the  first  half  of  the  century. 
None  of  these  three  principles,  however,  appeared  suf- 
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InsuflBci 


views. 


ficient  to  cover  the  whole  field.  The  law  of  gravitation 
embraced  cosmical  and  some  molar  phenomena,  but  led  to 
vagueness  when  applied  to  molecular  actions.  The  atomic 
theory  led  to  a  complete  systematisation  of  chemical  com-  ' 
pounds,  but  afforded  no  clue  to  the  mysteries  of  chemical 
affinity.  And  the  kinetic  or  mechanical  theories  of  light, 
of  electricity,  and  magnetism,  led  rather  to  a  new  dualism, 
the  division  of  science  into  sciences  of  matter  and  of  the 
ether.  The  unification  of  scientific  thought  which  was 
aate^noiilif  gained  by  any  of  these  three  views,  the  astronomical,  the 
and  kinetic  ^tomic,  and  the  mechanical,  was  thus  only  partial.  A 
more  general  term  had  to  be  found  under  which  the 
different  terms  could  be  comprised,  which  would  give  a 
still  higher  generalisation,  a  more  complete  unification 
of  knowledge.  One  of  the  principal  performances  of 
the  second  half  of  the  nineteenth  century  has  been  to 
find  this  more  general  term,  and  to  trace  its  all-pervad- 
ing existence  on  a  cosmical,  a  molar,  and  a  molecular 
scale.  It  will  be  the  object  of  this  chapter  to  complete 
the  survey  of  those  sciences  which  deal  with  lifeless 
nature  by  tracing  the  growth  and  development  of  this 
greatest  of  all  exact  generalisations — the  conception  of 
energy. 

The  complex  of  ideas  and  the  manifold  courses  of 
reasoning  which  are  centred  in  this  conception  form 
such  an  intricate  network,  the  interests  involved  are  so 
great,  the  suggestions  which  led  up  to  it  so  numerous, 
the  consequences  which  resulted  for  science  and  practice 
so  far-reaching,  that  the  historian  has  no  little  difficulty 
in  laying  bare  the  many  lines  of  thought  which  appa- 
rently cross  and  re-cross  each  other.     Accordingly  the 


history  of   this   subject  has  been  written  from  various 
points  of  view,^  and  angry  controversies  ^  as  to  priority 


3. 

The  concep 
tion  of 
energy. 


1  The  histories  are  mostly  in  Ger- 
man.    I  give  the  titles  of  the  more 
important.      Foremost    stand    the 
writings  of  Prof.  Ernst  Mach— viz. , 
'Die  Geschichte   und   die  Wurzel 
des  Satzes  von  der  Erhaltung  der 
Arbeit'  (Prag,  1872),  incorporated 
in  the  author's  '  Popular  Scientific 
Lectures,'    translated    by   Thomas 
J.    M'Cormack,     Chicago,     1894  ; 
and   the  same  author's   '  Die   Me- 
chanik  in  ilirer  Entwickelung,  his- 
torisch-kritisch   dargestellt'   (Leip- 
zig, 1883,  2nd  ed.,  1889,  also  trans- 
lated by  M'Cormack,  London  and 
Chicago,  1893).     The  philosophical 
faculty  of  the  University  of  Got- 
tingen  has  twice  (in  1869  and  in  1884) 
made   the   principles   of    dynamics 
the  subject  of  a  prize  competition, 
presumably  both  times  at  the  in- 
stigation   of    the    late    celebrated 
Professor    Wilhelm    Weber.      The 
first  competition  led  to  the  publica- 
tion of  E.  Diihring's  *  Kritische  Ge- 
schichte der  allgemeinen  Principien 
der    Mechanik'      (Leipzig,     1872; 
republished,    with     much     contro- 
versial matter,  in  1876  and  1887) ; 
the  second   to   the   publication  of 
Prof.    Max   Planck's   'Das  Princip 
der  Erhaltung  der  Energie '  (Leip- 
zig, 1887).     In   the   same  year  as 
the  last  book  there  appeared  'Die 
Lehre  von  der  Energie,'  by  Dr  Georg 
Helm  (Leipzig,    1887),  and  lately 
his    very     complete     work,     *  Die 
Energetik,    nach    ihrer    geschicht- 
lichen      Entwickelung'      (Leipzig, 
1898). 

-  The  controversy  turned  mainly 
on  the  question  of  the  claims  of 
Dr  Julius  Robert  Mayer  of  Heil- 
bronn.  The  experimental  work  of 
Joule  in  England  and  the  theoreti- 
cal work  of  Helmholtz  in  Germany 
were  published  in  ignorance  of  the 
writings  of  Mayer.  Even  the  earlier 
important  papers  of  William  Thom- 

VOL.  II. 


son   (Lord    Kelvin)    and    Rudolph 
Clausius  appeared  before  the  name 
of    Mayer    was    generally   known. 
The  question   then  arose  to  what 
extent  the   publications  of  Mayer 
really   anticipated    the  discoveries 
and  theories  of  Joule,  Helmholtz, 
Thomson,   and   Clausius.      It  can 
hardly  be  held  that  they  influenced 
them.     The  whole  of  the  evidence 
as   to   the    former    point    is    con- 
tained in  a  very  complete  publica- 
tion by  Prof.  Jacob  J.  Weyrauch, 
"Kleinere    Schriften    und    Briefe 
von     Robert    Mayer"    (Stuttgart, 
1892),  which  forms  a  supplement 
to  the  edition  by  the  same  author 
of  Robert  Mayer's  *  Schriften,'  en- 
titled *'  Die  Mechanik  der  Warme  " 
(Stuttgart,  3rd   ed.,  1893).     Both 
books  contain  very  careful  and  ex- 
haustive notes.      Whoever   desires 
to   settle  the  question  of  Mayer's 
claims,  which,  however,  will  always 
depend  much  on  individual  opinion, 
will  find  all  the  documentary  evi- 
dence collected  in  these  interesting 
volumes.      A   further  controversy 
arose  later  as  to  the  discovery  and 
enunciation   of  the  second  law  of 
thermodynamics,    the    great     doc- 
trine of   the   "Dissipation  of  En- 
ergy."   This  controversy  arose  over 
the  publication  of   the  late   Prof. 
P.   G.  Tait's  'Sketch  of  Thermo- 
dynamics'  in   1868,   which    is   an 
amplification    of    two    articles    by 
the   same  author    in    the    'North 
British  Review '  of  1864.     The  con- 
troversy, which  referred  mainly  to 
R.  Clausius's  share  in  the  enuncia- 
tion  of    the   second    law,   can    be 
studied  in  Tait's  little  volume  (1st 
ed.,  1868  ;  2nd  ed.,  1877),  in  vols. 
43   and   44   of   the   4th    series    of 
the   'Phil.   Mag.,'  in  his  *  Recent 
Advances    in      Physical     Science' 
(especially  the  preface  to  the  3rd 
edition,   1885),    and    in    the    2nd 
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The  term 
first  used 
by  Young. 


of  discovery  and  as  to  the  real  points  at  issue  have 
arisen.  The  history  of  thought  only  takes  note  of  these 
in  so  far  as  they  are  indications  of  what  was  of  real 
(not  of  personal)  interest  in  the  process,  and  are  thus 
a  measure  of  the  value  which  was  inherent  in  its 
development. 

None  of  the  different  views  or  theories  with  which  the 
earlier  generations  of  philosophers  during  the  century 
operated  seemed  sufficient  to  give  an  insight  into  the 
real  essence,  the  (pvmg,  of  natural  phenomena.  Neither 
the  astronomical  nor  the  atomic  nor  the  kinetic  view 
was  all-embracing.  On  the  Continent,  both  in  France 
and  in  Germany,  the  sciences  were  rigidly  marked  off 
from  one  another,  the  connecting  links  were  few  and 
ill-defined,  and  speculations  as  to  the  general  forces  and 
agencies  of  nature  were  left  to  metaphysicians  and  treated 
with  suspicion.  In  England  alone  the  name  of  natural 
philosophy  still  obtained,  and  in  the  absence  of  separate 
schools  of  science,  such  as  existed  abroad,  suggested, 
at  least  to  the  self-taught  amateur  or  to  the  practical 
man,  the  existence  of  a  uniting  bond  between  all  natural 
studies.  It  is  significant  that  the  term  under  which  we 
now  comprise,  and  by  which  we  measure,  all  natural 
agencies,  the  term  Energy,  was  first  distinctly  used  in  this 
sense  by  Dr  Thomas  Young  in  his  lectures  on  Natural 
Philosophy,^  a  course  which,  be  it  noted,  also  embraced 


edition  of  the  2nd  vol.  of  Clausius, 
'  Die  mechanische  Wiirmetheorie  ' 
(Braunschweig,  1879),  p.  324,  &c. 
In  the  labyrinth  of  these  contro- 
versies I  have  found  Helm  a  fair 
and  conscientious  guide. 

^  Vol.  i.  p.  59  of  the  edition  of 
Kelland.    Young  says  :"  The  term 


Energy  may  be  applied,  with  great 
propriety,  to  the  product  of  the 
mass  or  weight  of  a  body  into  the 
square  of  the  number  expressing 
its  velocity.  .  .  .  This  product  has 
been  denominated  the  living  force 
(the  vis  viva),  .  .  .  and  some  have 
considered  it  as  the  true  measure 


Chemical  Science,  though  for  merely  external  reasons 
this  was  summarily  handled.  It  is  equally  significant 
that  the  first  valuable  suggestions  as  to  the  connection  of 
the  various  sciences,  and  the  practical  or  common  measure 
of  the  various  agencies,  came  from  practical  or  professional 
persons  who  took  an  outside  and  general  view  of  physical 
and  chemical  processes  and  their  application  in  arts  and 
medicine.  Young  himself  was  a  medical  man,  as  were 
Eobert  Mayer  and  Helmholtz  after  him.  Practical  men 
such  as  Watt  felt  the  necessity  of  measuring  not  so  much 
forces  (in  the  Newtonian  sense)  as  the  action  of  forces, 
and  introduced  the  term  power,  and  the  quantity  called 

1  1  Wflitt'  "in- 

horse-power     to  measure  the  capacity  of  an  engine  for  troduces 
doing  work.     Newton  had  already  measured  this  action^  "powen 


of  the  quantity  of  motion  ;  but 
although  this  opinion  has  been  very 
universally  rejected,  yet  the  force 
thus  estimated  well  deserves  a 
distinct  denomination."  See  also 
p.  172. 

^  The  quantity  called  horse- 
power was  introduced  by  Boulton 
and  Watt  to  measure  the  power  of 
the  engines  they  built  and  sold  at 
Soho  towards  the  end  of  the  eigh- 
teenth century.  They  caused  ex- 
periments to  be  made  with  the  strong 
horses  used  in  the  breweries  in  Lon- 
don, and  from  the  result  of  these 
trials  they  assigned  33,000  lb. ,  raised 
one  foot  per  minute,  as  the  value  of 
one  horse-power.  Dr  Young  in  his 
'  Lectures '  has  the  following  state- 
ment:  "A  steam-engine  of  the 
best  construction,  with  a  30-inch 
cylinder,  has  the  force  of  forty 
horses ;  and  since  it  acts  without 
intermission,  will  perform  the  work 
f>f  120  horses  or  of  600  men,  each 
square  inch  of  the  piston  being 
nearly  equivalent  to  a  labourer" 
(vol.  i.  p.  103). 

'"  See  the  Scholium  to  the  **  Axio- 


mata  sive  Leges  Motus,"  p.  25  of 
the  first  edition  of  the  '  Principia,' 
in  which  the  "Agentis  Actio"  is 
measured  "ex  ejus  vi  et  velocitate 
coujunctim."  Thomson  and  Tait 
('  Natural  Philosophy,'  1886,  part  i. 
p.  250  sqq.j  and  Tait,  'Dynamics,' 
1895,  p.  181)  have  drawn  attention 
to  the  fact  that  this  passage  of  the 
'Principia'  contains  implicitly  the 
modern  notion  of  energy,  and  the 
principle  of  the  conservation  of 
energy.  The  continental  historians 
named  above  are  inclined  to  give 
Huygens  credit  for  having  first 
made  explicit  use  of  the  idea  of  the 
conservation  of  the  quantity  now 
termed  energy,  and  they  trace  the 
further  elucidation  of  it  to  the 
Bernoullis,  especially  John  Ber- 
noulli, who  repeatedly  speaks  of  the 
**  conservatio  virium  vivarum,"and 
"urges  that  where  vis  viva  dis- 
appears, the  power  to  do  work 
(jacultas  agendi)  is  not  lost,  but  is 
only  changed  into  some  other 
form"  ('Opera,' 1742,  vol.  iii.  pp. 
239  and  243,  quoted  by  Planck,  loc. 
cit.,  p.  10). 
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of  a  force  by  the  product  of  the  force  (itself  measured  by 
the  velocity  of  a  moving  mass)  and  the  velocity  or  space 
per  unit  of  time  through  which  it  pushes  or  pulls  a 
moving  body,  and  Leibniz  ^  had  suggested  the  term  vis 
viva  to  distinguish  it  from  the  vis  mortua,  the  force 
or  pressure  itself.  But  the  first  clear  and  consistent 
fixing  of  the  terminology  which  has  since  been  universally 
adopted  is  to  be  found — not  in  the  '  M^canique  analy- 
tique '  of  Lagrange  (that  classical  work  on  theoretical 
mechanics),  but  in  the  '  Mecanique  industrielle '  of 
Poncelet  (1829).^     He  introduced  the  term  "mechanical 


u^ 


^  Leibniz's  occupation  with  dyn- 
amics began  with  his  publication  of 
two  theses  in  1672,  which  he  dedi- 
cated respectively  to  the  Academy 
of  Sciences  in  Paris  and  to  the 
Royal  Society.  In  distinction  from 
the  writings  of  Huygens  and 
Newton,  where  precise  definitions 
take  the  place  of  metaphysical 
discussions,  Leibniz's  tracts  —  ex- 
cept in  the  comparatively  rare  cases 
where  he  confines  himself  to  mathe- 
matical formulae — are  vitiated,  like 
those  of  Descartes,  by  philosophical 
speculations.  Thus,  though  emi- 
nently suggestive,  they  contributed 
little  to  the  clearing  up  of  ideas. 
Influenced  by  Huygens  and  by 
Newton,  he  opposed  in  1686  the 
ideas  of  Descartes  on  the  measure 
of  force,  and  has  the  merit  of 
having  introduced  the  term  vis 
viva  in  1695,  and  of  having  started 
the  celebrated  discussion  on  the 
measure  of  force  which  was  carried 
on  during  fifty-seven  years  on  the 
Continent,  and  only  settled  by 
D'Alembert  in  his  '  Traits  de  Dyn- 
amique'  (1743)  by  stricter  defini- 
tions. An  excellent  account  of  the 
questions  involved,  and  of  the 
gradual  clearing  up  of  ideas,  will 
be  found  in  Prof.  Mach's  historical 
treatise  on  dynamics  referred    to 


above.  See  the  English  translation 
by  M'Cormack,  p.  272,  &c.  It  is 
there  shown  that  one  of  the  great 
defects  of  Descartes'  and  Leibniz's 
dynamical  writings  was  the  want 
of  a  clear  definition  of  mass  or 
inertia  ;  also  that  this  conception 
follows  more  simply  from  Newton's 
definition  of  force  than  from  Huy- 
gens' conception  of  work  (ibid., 
p.  251). 

"^  By  the  side  of,  and  sometimes 
in  opposition  to  the  purely  analytical 
school  headed  by  Lagrange,  Laplace, 
and  later  by  Cauchy,  there  grew 
up  in  Paris  the  school  of  practical 
mathematicians  which  taught  the 
application  of  theory  to  practice, 
to  problems  of  artillery,  engineer- 
ing, and  architecture.  They  created 
modern  geometry,  and  to  a  great 
extent  modem  mechanics.  Monge, 
Coulomb,  the  elder  Camot,  Pon- 
celet, Coriolis,  were  their  leaders: 
Navier,  Lamd,  Chasles,  de  Saint 
Venant,  followed,  and  combined 
their  more  synthetic  methods  with 
the  analytical  methods  of  the 
former  school.  Through  Monge, 
Camot,  Navier,  and  Poncelet, 
geometry  and  dynamics  were  led 
into  those  channels  which  have 
since  been  so  successfully  followed 
in    all    applied    work.      To    them 


work"  for  the  definite  quantity  which  had  before  him 
been  variously  designated  as   power,  effect,  action,  &c.,        6. 
and  he  distinctly  states  that  the  inertia  of  matter  trans-  ^^^^/o^uc^^ 
forms  work  into  vis  viva  and  vis  viva  into  work.     He  pjf'^^o^j.k'!" 
also  measures  this  quantity  "  work  "  quite  in  the  modern 
fashion — by  the  "  kilogrammetre,"  which  gives  the  same 
conception  as  the  foot-pound,  only  in  a  different  measure. 
Long  before  the  terminology  thus  invented  and  fixed 
by  Watt,  Young,  and  Poncelet   had  been   accepted  by 
scientific   writers,  a  change  in   the   current   notions   on 
the  forces  of  nature  had  been  gradually  brought  about 
from  quite   a   different   quarter.     Uninfluenced  by   the 
theoretical  views  which  were  developed  and  firmly  held 


mathematics   was   not   merely   the 
science  of  magnitude,  but  quite  as 
much  that   of  position,   of   design 
and    perspective,     of     mechanical 
work  and  efiect.     They  introduced 
a  whole  series  of  new  and  practical 
ideas,  drawn  from  their  own  appli- 
cations, and  created  a  new  vocab- 
ulary.    They  worked  hand  in  hand 
with  physicists  and  chemists,  some 
of  whom   had   little  taste  for  the 
extremely  abstract   and  analytical 
methods  of  the  school  of  Laplace 
and  Cauchy.      Poncelet's    original 
geometrical    work,    which   will   oc- 
cupy us  in  a  later  chapter,  led  him 
into  many  controversies.     It  was, 
however,     greatly    appreciated    in 
Germany  and    later    in    England. 
His  influence   on  German  applied 
mechanics  has  been  quite  as  great 
as  that  on  geometry ;  and  the  great 
text-books  of  mechanics  by  Weiss- 
bach,  Redtenbacher,  Riihlmann,  and 
others,   are   as   much   indebted   to 
Poncelet  and  other  French  models 
as  the  German  text-books  on  mathe- 
matics, physics,  and  chemistry  were 
for  a  long  time  to  the  well-known 
works  of  Biot,   Pouillet,   Cauchy, 


Francoeur,  Lam^,  Regnault,  and 
others.  The  influence  of  Ponce- 
let on  practical  mechanics,  and 
especially  in  the  fixing  of  an  ade- 
quate terminology,  can  therefore 
be  studied  equally  well  in  French 
and  in  German  historical  writings. 
Among  the  former  I  may  mention 
especially  the  '  Expos^  de  la  Situa- 
tion de  la  Mecanique  appliquee 
par  Combes,  Phillips  et  CoUignon,' 
Paris,  1867,  and  among  the  latter, 
notably  the  above-mentioned  writ- 
ings of  Helm,  who  traces  the 
growth  of  the  conception  of  me- 
chanical work  in  French  writings, 
and  its  influence  on  German  thought 
('Energetik,'  p.  12,  &c.)  See  also 
Diihriug,  loc.  cit.,  p.  471,  &c.  I  may 
also  refer  to  Heun's  Report  (' Jahres- 
bericht  der  deutschen  Mathemat- 
iker-Vereinigung,'  vol.  ix.  part  2, 
1901),  where  the  sciences  comprised 
in  "Mechanics"  are  distinguished 
according  as  they  are  astronomical 
(Laplace,  Poincar^),  physical  (Eng- 
lish mathematical  physics,  Kirch- 
hoff,  Helmholtz,  Hertz),  geometrical 
(Poinsot,  Chasles,  Ball),  or  techni- 
cal (Watt,  Poncelet,  Rankine). 
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Black, 

Rum  ford, 
and  Davy. 


by  the  school  of  which  Laplace  was  the  most  distin- 
guished representative,  natural  philosophers  like  Black,^ 
Rumford,  and  Davy  had  approached  the  study  of  those 
phenomena  where  heat  and  chemical  change  are  the 
prominent  features.  The  phenomena  which  they 
studied  experimentally  can  be  comprehended  under  the 
head  of  the  disappearance  and  appearance  of  heat  as 
measured  by  the  thermometer,  or  as  recognisable 
directly  by  our  sensation  of  heat.  Black  accounted 
for  the  disappearance  of  heat  by  the  doctrine  of  latent 
heat,  and  measured  this  by  the  capacity  '^  for  heat,  or 
the  specific  heat  of  different  substances.  Eumford 
made  exact  measurements  of  the  heat  generated  by 
friction,  and  showed  that  Black's  doctrine  of  latent 
heat  did  not  account  for  it.  Both  Black  and  Eum- 
ford were  led  to  science  from  the  side  of  practical  in- 
terests. Black,  like  Young  after  him,  was  a  physician. 
Eumford   was   all   through    his   life   occupied   with  the 


^  Joseph  Black  (1728-99),  one  of 
the  founders  of  chemistr)',  and  a 
prominent  figure  in  that  illustrious 
circle  of  philosophers  who,  during 
the  second  half  of  the  eighteenth 
century,  made  the  literature  and 
science  of  Scotland  renowned  over 
the  whole  world,  published  very 
little,  being  mostly  known  through 
his  teaching  and  his  pupils.  His 
name  is,  even  to  the  present  day, 
rarely  to  be  found  in  French  books  ; 
whereas  in  Germany,  mainly  owing 
to  the  historical  writings  of  Herr- 
mann Kopp,  and  quite  recently  of 
Prof.  E.  Mach,  his  great  merit  and 
originality  have  been  fully  recog- 
nised. See  Kopp,  '  Geschichte  der 
Chemie,'  vol.  i.  p.  226,  &c.;  *  Die  Ent- 
wickelung  der  Chemie,' 1873,  pp.  57, 
&c.,  88,  &c.  ;  E.  Mach,  'Die  Prin- 
Ucipien  der  Warmelehre,'  1896,   p. 


156,  &c.  Black,  who  as  early  as 
1755  had  shown  that  carbonic  acid 
gas  could  disappear  as  a  gas  and 
become  "fixed,"  showed  later 
that  heat  could  disappear  as  tem- 
perature and  become  "latent." 
By  himself,  indeed,  the  former 
important  discovery  was  not  inter- 
preted against  the  then  reigning 
phlogistic  theory,  nor  was  the  latter 
used  to  upset  the  material  theory 
of  heat.  Now,  however,  both  dis- 
coveries are  comer-stones  in  the 
history  of  science. 

2  According  to  Dr  Young  ( '  Lec- 
tures,' new  ed.,  p.  499),  the  term 
"capacity"  is  due  to  Dr  Irvine, 
who,  as  well  as  Dr  Crawford,  was 
much  influenced  by  Black's  lec- 
tures. These  were  first  published 
in  1802  by  Robison,  three  years 
after  the  author's  death. 


practical  application  of  scientific  knowledge.  Black's 
experiments  and  measurements  contributed  largely  to 
fix  the  difference  between  temperature  and  quantity 
of  heat;  he  demonstrated  clearly  that  heat  may 
disappear  in  the  form  of  temperature  and  exist 
as  latent  heat,  that  is,  heat  not  discoverable  by 
the  thermometer.  He,  however,  adhered  to  the  view 
that  heat  was  a  material  substance,  which,  though 
it  might  become  latent,  did  not  disappear  as  such. 
Piumford  ^  was  the  first  who  definitely  went  a  step  further 
and  suggested  the  convertibility  of  heat  and  mechanical 
work.  It  was  not  the  disappearance  of  h6at  but  its 
appearance  when  mechanical  work  was  performed  which 
attracted  his  attention.  After  eliminating  all  the 
sources  from  which  the  heat  produced  during  the  bor- 
ing of  cannon  could  have  been  derived,  he  comes  to  the 
conclusion  that  "it  appears  to  be  extremely  difficult, 
if  not  quite  impossible,  to  form  any  distinct  idea  of 
anything  capable  of  being  excited  and  communicated 
in  the  manner  the  heat  was  excited  and  communicated 
in  those  experiments,  except  it  be  motion."  Davy, 
who,  like  Black,  approached  science  in  the  interests  of 
the  medical  man,  comes  to  the  conclusion  in  his  first 
pubUshed  papers,  from  experiments   on   the   generation 


^  Count  Rumford's  "  Inquiry  con- 
cerning the  Source  of  the  Heat 
which  is  excited  by  Friction "  was 
published  in  a  later  edition  of  his 
'Essays.'  The  experiments  with 
the  boring  of  cannon  were  carried 
on  at  Munich  in  1796  and  1797; 
the  substance  of  the  essay  was 
read  before  the  Royal  Society  in 
January  1798.     The  '  Essays '  were 


republished  in  America  and  trans- 
lated into  several  foreign  lan- 
guages. See  Rumford's  *  Works,' 
London,  1876,  vol.  i.  p.  482, 
and  vol.  ii.  p.  471.  In  1804 
Count  Rumford  published,  in  his 
'M^moires  sur  la  Chaleur'  (Paris, 
an.  13),  a  "Historical  Review  of 
the  Various  Experiments  on  Heat " 
('Works,'  vol.  iii.  pp.  138-240). 
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of  heat  by  friction  and  percussion,  that  heat  is  not 
matter,  but  "  may  be  defined  a  peculiar "  motion,  prob- 
ably a  vibration,^  of  the  corpuscles  of  bodies  tending 
to  separate  them.  Eumford's  and  Davy's  memoirs 
referred  to  belong  to  the  last  years  of  the  eighteenth 
century.  Dr  Young,  in  his  celebrated  lectures  on  natural 
philosophy,  discussing  the  experiments  of  Eumford  and 
Davy  came  to  the  conclusion  *'  that  heat  is  a  quality, 
and  that  this  quality  can  only  be  motion."  He  refers 
to  Newton's  view  "  that  heat  consists  in  a  minute 
vibratory  motion  of  the  particles  of  bodies,"  and  to 
his  own  undulatory  theory  of  light.  This  analogy 
with  light  seems  to  have  for  a  long  time  served  to 
unify  the  speculations  ^  of  those  who  were  inclined  to 


^  See  his  "Essay  on  Heat,  Light, 
and  the  Combinations  of  Light," 
which  appeared  in  Beddoes'  'Con- 
tributions to  Physical  and  Medical 
Knowledge,'  1799.  This  essay 
Davy  soon  after  condemned  as  "  in- 
fant chemical  speculations,"  from 
which  he  turned  away  to  ex- 
perimental work,  remarking  that 
chemical  knowledge  was  yet  too 
incomplete  to  allow  of  generalisa- 
tions, and  that  the  "  first  step 
will  be  the  decomposition  of  those 
bodies  which  are  at  present  un- 
decompounded. "  This  was  written 
in  1799.  In  1800  (30th  March) 
Volta's  invention  of  the  "  pile " 
was  communicated  to  the  Royal 
Society,  and  on  the  30th  April  of 
that  year  the  first  pile  was  con- 
structed in  this  country.  See  the 
first  and  second  volumes  of  Davy's 
•Collected  Works,'  London,  1839. 
Davy's  first  publication  on  voltaic 
electricity  appeared  in  the  Septem- 
ber number  of  'Nicholson's  Journal.' 
Though  the  speculations  of  Davy 
on  heat  and  light,  in  which  heat 


is  conceived  to  be  motion  and  light 
(strangely)  to  be  material,  were  dis- 
carded by  him,  they  attracted  the 
attention  of  Franklin  and  of  Count 
Rumford.  Davy  states  that  his 
experiments  on  the  generation  of 
heat  "  were  made  long  before  the 
publication  of  Count  Rumford's 
ingenious  paper  on  the  heat  pro- 
duced by  friction "  {loc.  clt,  vol. 
ii.  p.  117).  In  spite  of  his  own 
refusal  to  follow  up  the  lines  of 
thought  suggested  by  them,  they 
were  probably  the  cause  of  Davy's 
appointment  as  lecturer  on  chem- 
istry at  the  Royal  Institution  :  see 
vol.  i.  p.  83  ;  also  Memoir  of  Count 
Rumford  ('Works,'  vol.  i.  417), 
and  Paris's  *Life  of  Davy,'  vol.  i. 
p.  112,  &c.  Tait,  in  'Recent  Ad- 
vances,' gives  a  full  account  of 
Rumford's  and  of  Davy's  work. 

^  See  '  Young's  Lectures,'  51  and 
52.  In  the  second  edition,  pub- 
lished by  Kelland  forty  years  after 
the  Lectures  were  delivered,  the 
editor  makes  the  following  signifi- 
cant remark  :  "  The  theory  of  heat 


embrace  a  mechanical  or  kinetic  view  of  the  nature 
of  heat.  Joule,  as  stated  above,^  was  the  first  who 
emancipated  himself  from  it. 

But  whilst  these  suggestions  that  heat  may  be  re-        s. 

®®  "^  .  Correlation 

garded  as  somehow  connected  with  motion  remained  of  forces, 
mostly  vague  and  undeveloped,  they  tended  to  impress 
upon  the  scientific  mind  the  interchangeability — or,  as 
it  was  called,  the  correlation  of  the  different  forces  of 
nature ;  and  the  idea  seems  to  have  forced  itself  in- 
dependently on  many  minds,  through  the  study  of  very 
different  groups  of  natural  phenomena.  In  Germany 
we   may   look   upon   Liebig  as   the  centre   of    a  great        9. 

Liebig. 

scientific  movement  which  tried  by  means  of  chemistry 
to  bring  the  realms  of  organic  and  animated  exist- 
ence under  the  treatment  of  exact  methods.  Not 
only  were  the  methods  of  organic  analysis  perfected 
by  him  and  his  school,  and  many  compounds  inves- 
tigated which  appeared  to  be  specially  the  bearers  of 
the  living  process ;  but  he  was  also  among  the  first  to 
study  the  economy  of  living  organisms,  the  circulation 
of  matter,  and  the  play  of  the  varied  processes  by 
which  life  is  maintained.  Among  these  processes,  the 
phenomenon  of  animal  heat,  its  origin,  and  the  part  it 
plays  in  the  living  organism  attracted  special  attention. 


may  be  said  to  rest  where  it  did 
at  the  time  these  Lectures  were 
written.  The  facts  which  have 
just  been  mentioned  clearly  point 
out  its  undulatory  character "  {p. 
506).  Between  the  years  1835  and 
1845  theoretical  ideas  on  the  nature 
of  heat  were  entirely  dominated 
by  the  remarkable  discoveries  of 
Melloni,  Baden-Powell,  Forbes,  and 
otliers  referring   to   radiant   heat, 


which  was  shown  to  have  the  same 
properties  of  reflexion,  refraction, 
and  polarisation  as  light  possessed. 
The  analogy  of  this  form  of  heat 
with  light  threw  into  oblivion 
the  beginnings  of  a  more  general 
mechanical  theory  of  heat,  which 
— as  we  shall  see  further  on — had 
been  laid  by  Sadi  Carnot  in 
1824. 
^  See  vol.  i.  of  this  work,  p.  434. 
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10. 

JohnMtUler. 


By  his  work  on  organic  chemistry,  by  his  many  con- 
troversies, such  as  that  on  fermentation,  by  his  popular 
letters  on  chemistry,  and  especially  by  his  great  influ- 
ence as  a  teacher,  Liebig  himself  did  much  to  bring 
about  an  alliance  of  the  separate  sciences  and  a  connec- 
tion between  practical  pursuits  and  abstract  research,  and 
to  draw  attention  to  the  interdependence  of  the  various 
forces  of  nature.  Only  second  in  influence  was  Johannes 
Mliller  of  Berlin.  Among  the  many  expressions  which 
took  their  origin  in  the  circle  of  studies  suggested 
by  these  influences,  we  may  select  three  as  giving 
increasingly  clear  emphasis  to  the  point  now  under 
consideration — viz.,  the  correlation  of  all  the  physical 
forces  of  nature.  These  expressions  are  those  of  the 
convertibility  of  forces,  of  the  existence  of  a  common 
measure  of  force,  and  of  the  conservation  implying 
the  perdurability  of  a  certain  quantity — now  termed 
Energy — of  which  all  phenomena  are  merely  a  partial 
exhibition.  They  are  connected  with  the  names  of  Karl 
Friedrich  Mohr,  Julius  Robert  Mayer,  and  Hermann 
Helmholtz. 

Were  it  my  object  merely  to  write  the  history  of 
science,  I  should  probably  follow  the  example  of  some 
historians  ^  and  omit  altogether  the  first  of  these  names 
in  the  present  connection.  But  as  my  object  is  to  write 
the  history  of  scientific  thought,  I  feel  bound  to  give  a 


^  Mach,  in  his  recent  very  lucid 
and  valuable  work,  'Die  Princi- 
pien  der  Warmelehre,'  Leipzig, 
1896,  does  not  mention  Mohr.  On 
the  other  side.  Helm  ('  Die  Ener- 
getik,'  1898,  p.  9)  mentions  Mohr 
and  likewise  Planck  ('Das  Princip 
der  Erhaltung  der  Energie,'  1887, 


p.  21).  Tait's  first  edition  of 
•Recent  Advances,'  1874,  does  not 
contain  Mohr's  name.  The  third 
edition  gives  a  full  account  of 
Mohr's  early  papers  (pp.  51  and 
60,  &c.)  See  also  the  appreciative 
article  on  K.  F.  Mohr  in  the  '  Ency. 
Brit.' 


foremost  place  to  the  short  memoir  of  F.  Mohr  entitled       n. 

^  F.  Mohr. 

"On  the  Nature  of  Heat,"  which  appeared  in  1837  in 
an  obscure  scientific  periodical  published  at  Vienna. 
The  publication  of  it  remained  unknown,  even  to  the 
author  himself,  and  was  certainly  unappreciated  by  the 
scientific  world  for  more  than  thirty  years.^ 


'  The  story  of  Mohr's  memoir  is 
curious,  not  to  say  romantic.  His 
original  paper,  '  Ueber  die  Natur 
der  Warme,'  was  offered  to  Pog- 
gendorf  and  refused,  as  were  the 
later  memoirs  of  Mayer  and  Helm- 
holtz. A  dread  of  introducing 
speculative  matter  into  the  'An- 
nalen  '  prevented  likewise  —  as  I 
related  above  (p.  66,  note  2) — the 
appreciation  of  much  of  Faraday's 
later  work.  He  then  sent  the  MS. 
to  Baumgartner,  in  Vienna,  who — 
always  interested  in  theoretical 
physics — printed  it  in  a  periodical 
( '  Zeitschrif t  fiir  Physik')  of  which 
he  and  von  Holger  were  joint- 
editors.  He  did  not  inform  the 
author  of  this.  Mohr  was  a  re- 
markably original  thinker,  in  whose 
mind  important  ideas  rose  at  times 
to  extraordinary  clearness,  but  who, 
like  many  original  thinkers,  did  not 
always  appreciate  his  own  ideas  at 
their  true  value,  and  accordingly 
treated  them  with  neglect,  and  did 
not  consistently  develop  them.  In 
the  present  instance  he  contented 
himself  with  inserting  an  abstract 
in  the  'Annalen  der  Pharmacia' 
(vol.  xxiv.  p.  141),  of  which  he  was 
then  joint  -  editor,  together  with 
Liebig  and  Merck.  He  made  no 
further  inquiries  as  to  the  fate  of 
his  larger  memoir,  and,  in  con- 
versation with  friends  up  to  the 
year  1860,  as  also  in  his  '  Mechan- 
ische  Theorie  der  chemischen 
Affiuitat'  (Braunschweig,  1868,  p. 
45),  used  to  deplore  the  loss  of  a 
document  which,  more  fully  than 
the  short  paper  in  the  '  Annalen  der 


Pharmacie,'  would  have  established 
his  priority  in  the  clear  enunciation 
of   a    remarkable    principle   which 
fifteen  years  later  received  general 
recognition.     The     matter    would 
probably  have  rested  there  had  it 
not  been  that  Tyndall,  in  the  year 
1862,  in  a  celebrated  lecture  before 
the  Royal  Institution,  commenced 
that  long  series  of  historical   and 
controversial  publications  in  which 
many  persons,    including    himself. 
Joule,    Tait,    Colding,    Helmholtz, 
Akin,     Bohn,     Diihring,     Zollner, 
and     others     took     part,    and    in 
which,  among  several  claims  prior 
to  or  contemporary  with  Mayer's, 
those   also  of   Mohr   received   due 
recognition.      It    seems     to    have 
been  especially  Dr  Akin  who  drew 
attention    to    Mohr's    claims,   and 
searched  in  the  forgotten  volumes 
of  the  Austrian  periodical  for  the 
original  memoir,  which,  unknown 
to  the  author  himself,  had  been  in- 
scribed on  p.  419  of  the  fifth  volume. 
This    discovery  he    announced   to 
Mohr  himself  after  having  already, 
in   November  1864  ('Phil.  Mag.,' 
4th    series,    vol.    xxviii.    p.    474), 
given  several  extracts,  among  which 
is   the   one   quoted  by  me  in   the 
text.     Mohr  published,  in  1869,  a 
sequel  to  the  above-mentioned  book, 
entitled   '  Allgemeine   Theorie   der 
Bewegung  und  Kraft,'  in  which  he 
refers  to  Dr  Akin's  discoverv,  and 
reprints    the    original    memoir    in 
full.     Since  that  time  his  name  has 
figured  in  many  historical  accounts 
as  one  of  the  pioneers  in  the  de- 
velopment  of   the   energy  -  concep- 
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12. 
Mayer. 


It  forms,  therefore,  no  link  in  the  actual  development 
of  the  energy-conception ;  but  it  is  a  significant  evidence 
of  the  direction  in  which  the  ideas  of  natural  philosophers 
were  then  moving,  and  of  the  high  degree  of  clearness 
to  which  they  rose  in  individual  instances.  When  we 
read  the  following  words :  "  Besides  the  known  fifty-four 
chemical  elements  there  exists  in  nature  only  one  agent 
more,  and  this  is  called  '  Kraft ' ;  it  can  under  suitable 
conditions  appear  as  motion,  cohesion,  electricity,  light, 
heat,  and  magnetism,"  it  seems  difficult,  even  after  the 
lapse  of  two  generations,  to  alter  anything  in  this  clear 
and  simple  enunciation  of  the  law  of  the  conservation 
of  energy.  It  has  indeed  been  stated  that  "unless 
some  still  earlier  author  should  be  discovered,  there 
can  be  no  doubt  that  Mohr  is  to  be  recognised  as  the 
first  to  enunciate  in  its  generality  what  we  now  call 
*  conservation  of  energy.' "  ^  At  the  same  time,  the 
case  shows  how  little,  at  the  beginning  of  a  scientific 
movement,  purely  abstract  statements  are  capable  of 
really  guiding  research  into  fruitful  channels.  There 
is  with  Mohr  no  attempt  to  establish  or  apply  an  actual 
measure  ^  of  the  amount  of  energy  appearing  in  the 
various  instances  which  he  mentioned.  This  further 
step  was  taken  five  years  later  by  J.  K.  Mayer,  who 
can    claim    to    be    the    first  ^  to    have  ventured    on  a 


tion ;  his  merit  being  variously 
appraised  according  to  the  purely 
scientific,  the  philosophical,  or  the 
more  practical  standpoint  taken  up 
by  various  critics.  See,  inter  alia, 
P.  G.  Tait's  '  Recent  Advances,'  3rd 
ed.,  p.  60,  &c.  ;  also  the  correspon- 
dence of  Mohr  and  Mayer  in  the 
latter's    '  Kleinere    Schriften    und 


Brief e,'  ed.  Weyrauch,  p.  407, 
&c. 

^  See  the  article  on  K.  F.  Mohr 
in  the  *Ency.  Brit.,'  9th  ed. 

^  See  on  this  point  Weyrauch,  iu 
Mayer's  'Kleinere Schriften,' p.  408. 

3  Helm  ('Energetik,' p.  34)  begins 
the  list  of  undoubted  determina- 
tions of  the  heat-equivalent  with 


numerical  estimate  as  between  mechanical  energy  on 
the  one  side,  and  the  amount  of  one  of  the  imponder- 
ables— i.e.y  heat  as  measured  by  the  thermometer — on 
the  other.  Although  his  methods  were  not  free  from 
objection,^  while    his    arguments  were    mixed   up  with 


Mayer,  1842.  His  determinaton 
is  contained  in  his  first  paper,  pub- 
lished, as  was  Mohr's,  in  Liebig's 
'Annalen'  (vol.  xlii..  May),  with 
the  title  "Bemerkungen  iilDer  die 
Kriif te  der  unbelebten  Natur."  The 
experiments  performed  by  Rumford 
in  1798  were  made  the  basis  of  a 
calculation  of  the  heat  equivalent, 
i.e.,  of  the  weight  which  can  be 
lifted  one  foot  if  the  heat  required 
to  raise  a  pound  of  water  1°  be  con- 
verted into  work  against  gravita- 
tion, and  the  figure  turns  out  to 
be  1034  lb.  as  compared  with  772 
lb.  given  by  Joule  himself  ( '  Phil. 
Trans.,'  1850 ;  '  Joule's  Papers,'  vol. 
i.  p.  299).  The  earlier  computations 
of  S^guin,  based  upon  the  work  done 
by  the  expansion  of  steam,  were 
referred  to  by  Joule,  Tyndall,  and 
Tait  in  1862  and  1864  (*  Phil.  Mag.,' 
4th  series,  vols.  xxiv.  and  xxviii. ),  and 
shown  to  lead  to  figures  further  off 
the  mark  than  those  of  Mayer.  In 
the  course  of  this  later  controversy 
it  became  for  the  first  time  gen- 
erally known  that  A.  Colding,  an 
engineer  in  Copenhagen,  had  a 
little  later  than  Mayer  (1843),  and 
almost  simultaneously  with  Joule, 
given  a  determination  of  the  equiva- 
lent based  upon  friction  of  metals, 
which  was  lower  than  Mayer's.  He 
accordingly  now  figures  as  second 
in  Helm's  list.  One  of  Joule's 
earliest  experiments  with  heat, 
"evolved  by  the  passage  of  water 
through  narrow  tubes,"  gave  the 
equivalent  as  770,  very  near  the 
figure,  viz.,  772,  finally  settled  on 
as  correct  in  1850. 

^  The  reasoning  of  Mayer  is  not 
completely  contained  in   his   first 


paper,    which   subsequently,   on   a 
suggestion     of     Joule's    appeared 
in  translation  in  the  *  Phil.   Mag.' 
(4th  series,  vol.  xxiv.   pp.  123,  and 
371  sqq.)     The  assumption  (called 
by    Thomson    in    1851     "Mayer's 
hypothesis,"  see  *  Math,  and  Phys. 
Papers,'  vol.  i.  p.   213)  that  "the 
work  spent  in  the  compression  of 
a  gas  ...  is  exactly  the  mechani- 
cal equivalent  of   the   .    .    .    heat 
evolved,"  which  Joule  did  not  think 
it  right  to  accept  without  satisfying 
himself  by  experiments  (see  'Phil. 
Mag.,'  4th  series,  vol.  xxiv.  p.  122), 
was  based  by  Mayer  on  an  almost 
forgotten      experiment     of      Gay 
Lussac's  in  the  year  1807,  as  is  evi- 
dent from   his  subsequent   paper, 
published     in     1845     (reprint     in 
'Mechanik  der  Warme,'  ed.  Wey- 
rauch, 1893,  p.  53),  and  still  more 
from  his  correspondence  with  Baur 
previous    to    his    first   publication 
(ibid.,  p.  20,  and  'Mayer's  Briefe,' 
p.  130,  September  1841).     The  sub- 
ject was  exhaustively  investigated 
by  Thomson  and  Joule  in  a  joint- 
memoir  on  "the  thermal  effects  of 
fluids  in  motion,"  1852  (reprinted 
both  in  Joule's  and  Lord  Kelvin's 
Scientific    Papers),    when    it    was 
shown    that   for   air   Mayer's   hy- 
pothesis   was    approximately,    but 
not  absolutely,  correct.      So  long, 
therefore,  as  the  history  of  Mayer's 
reasoning     was     not     completely 
known,  it  appeared   as  if   he  had 
by  a  kind  of  accident  hit  upon  an 
approximately  correct  figure.     See 
Tait,  'Recent  Advances'  (3rd  ed., 
p.  53  ;  but  also  Helm,  'Energetik,' 
p.    24,   and   Mach,    '  Warmelehre,'o 
p.  249). 
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Joule. 


philosophical  speculations  which  tended  to  prevent  their 
ready  acceptance,  it  cannot  be  denied  that,  as  a  first 
approximation,  "  his  equivalent "  was  sufficiently  near 
the  truth  to  be  practically  useful. 

But  neither  the  happy  generalisation  of  Mohr,  which 
was  lost  or  forgotten,  nor  the  numerical  estimate  of 
Mayer,  which  remained  unnoticed,  succeeded  in  impress- 
ing contemporary  philosophers  with  the  importance  of 
the  subject.  This  was  done  almost  at  the  same  date, 
though  quite  independently,  by  the  persistent  and  per- 
severing experiments  and  measurements  of  James  Pres- 
cott  Joule,  who  laboured  unnoticed  and  practically 
without  support  from  1841  to  1847,  when  he  had  the 
good  fortune  of  gaining  the  attention  and  friendship 
of  William  Thomson  (Lord  Kelvin).^ 


^  Joule  not  only  defined  more 
clearly  the  different  data  and  con- 
ditions on  which  the  correctness  of 
the  result  must  depend,  but  had 
also  at  his  command  a  much  greater 
wealth  of  novel  experimental  facts, 
brought  together  by  his  own  re- 
sourceful mind.  Thus  from  1843 
to  1850  he  published  no  fewer  than 
ten  series  of  experiments,  approxi- 
mating from  widely  differing  results 
to  the  true  figure.  See  Helm's  list 
('  Energetik,'  p.  34).  After  he  had 
laboured  for  more  than  five  years 
his  work  was,  in  1847,  at  the  meeting 
of  the  British  Association  in  Oxford, 
still  almost  unknown.  He  himself 
reports  as  follows  in  1885  ('.Joint 
Scientific  Papers,'  1887,  p.  215): 
"It  was  in  the  year  1843  that  I 
read  a  paper  '  On  the  Calorific 
Effects  of  Magneto- Electricity  and 
the  Mechanical  Value  of  Heat'  to 
the  Chemical  Section  of  the  British 
Association  at  Cork.  With  the  ex- 
ception of  some  eminent  men  .   .  . 


the  subject  did  not  excite  much 
general  attention  ;  so  that  when  I 
brought  it  forward  again  at  the 
meeting  in  1847  the  chairman  sug- 
gested that,  as  the  business  of  the 
section  pressed,  I  should  not  read 
any  paper,  but  confine  myself  to  a 
short  verbal  description  of  my  ex- 
periments. This  I  endeavoured  to 
do,  and  discussion  not  being  in- 
vited, the  communication  would 
have  passed  without  comment  if  a 
young  man  had  not  risen  in  the 
section,  and  by  his  intelligent  ob- 
servations created  a  lively  interest 
in  the  new  theory.  The  young  man 
was  William  Thomson,  who  had  two 
years  previously  passed  the  Univer- 
sity of  Cambridge  with  the  highest 
honour,  and  is  now  probably  the 
foremost  scientific  authority  of  the 
age."  See  also  Lord  Kelvin's  ac- 
count of  the  meeting  in  1847  in 
'Popular  Lectures  and  Addresses' 
(London,  1894,  vol.  ii.  p.  556,  &c.) 


A  pupil  of  Dalton,  Joule  was  early  drawn  into  the 
circle  of  ideas  and  investigations  which  are  contained  in 
Faraday^s  experimental  researches.  With  much  ampler 
means,  and  possibly  also  with  a  greater  love  for  accurate 
quantitative  measurements,  than  Faraday  possessed,  he 
grasped  the  great  importance  of  the  law  of  electrolytic 
equivalence  as  affording  the  means  of  accurately  measur- 
ing chemical  processes,  and  of  giving  definite  expression 
to  the  vaguer  ideas  supported  by  Faraday  and  others 
that  force  was  indestructible,  and  that  the  different 
forces  of  nature  were  mutually  convertible.  These 
ideas  had  received  popular  circulation  and  current  ex- 
pression in  Grove's  celebrated  lectures  on  the  "  Corre- 
lation of  Physical  Forces"  in  1842  and  1843.  Joule, 
in  whose  mind  they  seem  to  have  existed  as  axioms, 
set  himself  to  devise  accurate  instruments  and  methods 
by  which  the  convertibility  of  different  forces,  their 
"mechanical  duty,"  could  be  measured,  and  their  equiv- 
alence put  into  figures.  The  first  numbers  which  Joule 
found  differed  considerably,^  so  that  the  conclusion 
arrived  at  that  the  mechanical  duty  or  "  value "  of  a 
degree  of  heat  is  a  constant  quantity  could  only  have 
been  drawn  by  one  who  had  a  strong  a  jpriori  ^  con- 


/ 


^  For  details  see  Helm,  *  Ener- 
getik,' p.  34  ;  also  vol.  i.  p.  265, 
note,  of  the  present  work.  Joule's 
equivalent  varied  from  742  to  890 
foot-pounds,  and  was  finally  fixed 
at  772  in  1850,  this  figure  being 
correct  to  \  per  cent  (Joule's 
'Scientific  Papers,'  p.  328). 

'^  Philosophical  considerations  are 
mixed  up  with  all  the  early  enun- 
ciations of  the  principle  of  the  in- 
destructibility of  force,  or  energy  tis 
it  was  later  more  clearly  termed. 


A  predisposition  to  believe  that 
some  quantity  besides  matter  could 
not  be  lost  or  created,  but  only 
preserved  and  transformed,  existed 
in  the  minds  of  Mohr,  Seguin, 
Mayer,  Colding,  Joule,  Hirn,  and 
has  been  traced  variously  back  to 
the  writings  of  earlier  thinkers, 
such  as  Montgolfier,  Faraday,  Davy, 
Oersted,  Leibniz,  &c.  Prof.  Mach 
(' Warmelehre,'  p.  238,  &c.)  dis- ^ 
cusses  this  point  fully.  The  prin- 
ciple    gradually     became     fir  ml}* 
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14. 

flelmholtz. 


viction  in  that  direction.  The  experimental  result  did 
not  satisfy  Helmholtz,  who,  about  the  same  time,  was 
led  to  consider  the  origin  of  animal  heat  in  living 
organisms,  a  problem  with  which  Liebig^  had  been 
greatly  occupied  for  several  years.  Without  himself 
devising  or  instituting  new  experiments,  or  attempting 
any  determination  of  the  equivalent  as  others — notably 
Colding  and  Holtzmann — were  doing,  Helmholtz,  in 
1847,  undertook  a  theoretical  investigation  which  has 
since  become  classical — a  corner-stone  in  the  philosophy 
of  the  subject.  He  first  of  all  gave  the  principle  in- 
volved a  correct  mathematical  expression,  showed  how  it 
could  be  considered  as  an  extension  of  the  theorem  known 
in  abstract  dynamics  as  the  conservation  of  the  vis  viva 
of  a  mechanical  system,  attempted  to  define  the  nature  of 
forces,  in  the  Newtonian  sense,  which  would  be  subject  to 
the  new  principle,  and  brought  it  into  logical  connection 
with  the  axiom  laid  down  and  used  by  French  philos- 
ophers, that  perpetual  motion  is  an  impossibility.  After 
clearing  the  ground  so  far  as  abstract  dynamics  is  con- 
€erned  and  giving  the  necessary  definitions,  sharply  dis- 
tinguishing between  acting  (living)  forces  and  mere 
tensions  (dead  forces),  Helmholtz  proceeds  to  draw  all 


established  according  as  strict 
definitions,  experimental  proofs 
and  figures,  and  mathematical 
formulae  took  the  place  of  vague 
speculations.  Joule  did  the  experi- 
mental, Helmholtz  the  mathema- 
tical, part  of  the  work  ;  but  it  is 
interesting  to  see  how  little  the 
latter  without  the  former  was  able 
to  impress  contemporary  German 
writers  with  the  value  of  the  prin- 
ciple   which    he    established.     He 


himself  even  did  not  for  a  long 
time  develop  the  line  of  reasoning 
which  he  had  begun. 

1  See  Helmholtz,  'Bericht  iiber 
die  Theorie  der  physiologischen 
Warmeerscheinungen,'  1845,  re- 
printed in  *  Wissenschaf  tliche  Ab- 
handlungen,'  vol.  i.  No.  1,  also 
on  Joule's  early  experiments  in 
'Ueber  die  Erhaltung  der  Kraft,' 
ibid.,  vol.   i.  p.  33. 
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other  forces  of  nature  into  his  consideration,  showing,  in 
the  case  of  the  phenomena  of  heat,  electricity,  galvanism, 
and  magnetic  induction,  how  the  different  agencies  can 
be  brought  into  comparison  with  mechanical  ones  by 
measuring  the  work  they  perform  ;  refers  to  the  attempts 
to  fix  the  mechanical  value  of  heat ;  concludes  in  each 
case  that  no  observed  phenomena — not  even  the  pro- 
cesses in  living  organisms — stand  in  contradiction  with 
the  principle  announced,  and  ends  with  the  words  :  "  I 
think  in  the  foregoing  I  have  proved  that  the  above- 
mentioned  law  does  not  go  against  any  hitherto  known 
facts  of  natural  science,  but  is  supported  by  a  large 
number  of  them  in  a  striking  manner.  I  have  tried 
to  enumerate  as  completely  as  possible  what  con- 
sequences result  from  the  combination  of  other  known 
laws  of  nature,  and  how  they  require  to  be  con- 
firmed by  further  experiments.  The  aim  of  this 
investigation,  and  what  must  excuse  me  likewise  for 
its  hypothetical  sections,  was  to  explain  to  natural 
philosophers  the  theoretical,  practical,  and  heuristic  im- 
portance of  the  law,  the  complete  verification  of  which 
may  well  be  looked  upon  as  one  of  the  main  problems 
of  physical  science  in  the  near  future."  ^  The  reasons 
why  this  valuable  document  attracted  little  attention  at 
the  time  and  was  set  aside,  as  were  the  earlier  contribu- 
tions of  Mohr  and  Mayer,  by  the  central  organ  of  ex- 
perimental physics  abroad,  are  interesting  from  a 
historical  point  of  view.  TJie  first  and  main  reason 
seems  to  have  been  that  none  of  the  three  original  and 
independent  expressions  contained  any  new  experimental 

^  'Gesammelte  Abhandlungen,'  vol.  i.  p.  67. 
VOL.  II.  H 
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facts,^  and  that  the  then  reigning  school  of  natural  philos- 
ophers in  Germany  discouraged  theoretical  deductions,  as 
possibly  leading  back  to  the  fatal  "  philosophy  of  nature," 
out  of  which  they  had  only  just  escaped.  Men  of  the 
intellectual  eminence  of  Liebig,  through  whose  labours  au 
enormous  mass  of  new  facts  had  been  accumulated,  and 
who  desired  to  see  the  more  hidden  processes  of  organic 
life  subjected  likewise  to  rigorous  measurements,  showed 
indeed  a  certain  appreciation  of  the  attempted  defini- 
tions of  Mohr  and  Mayer,  struggling  as  he  and 
they  alike  were  under  the  still  existing  confusion  in 
the    fundamental    conceptions.^     And    these    were   not 


1  See  Mohr,  '  Allgemeine  Theorie 
der  Bewegung  und  der  Kraft,'  p. 
82,  &c.  Poggendorf  did  not  reply 
to  Mayer's  repeated  communica- 
tions and  did  not  return  the  MS.  ; 
the  fact  that  he  received  it  was  first 
established  by  Zollner,  who  in  1877 
recovered  the  MS.  from  Poggen- 
dorf's  heirs  (Mayer's  '  Schriften  und 
Brief e,'  ed.  Wey ranch,  p.  100),  and 
gave  a  facsimile  of  it  in  his 
*  Wissenschaftliche  Abhandlungen ' 
(Leipzig,  vol.  iv.,  1881,  p.  672). 
Helmholtz,  who  in  1847  had  no 
knowledge  of  Mayer's  writings,  did 
full  justice  to  his  claims  in  his 
address,  *  Ueber  die  Wechselwirk- 
ung  der  Naturkriifte '  (1854),  and 
vindicated  them  against  Tait's 
criticisms  in  a  letter  published  by 
the  latter  in  his  '  Sketch  of  Ther- 
modynamics'  (Edinburgh,  1868); 
see  Helmholtz,  '  Wissenschaftliche 
Abhandlungen,'  vol.  i.  p.  71,  &c. 
Helmholtz  closes  his  later  com- 
ments on  the  subject  ('Vortrage 
und  Redeu,'  vol.  i.,  3rd  ed.,  1884,  p. 
74)  with  the  following  significant 
remark:  "The  best  ideas  run  the 
risk  of  remaining  barren,  if  not 
accompanied  by  that  energy  which 
lasts   till   the  convincing  proof  of 


their  correctness  has  been  given." 
This  explains  the  neglect  of  Mohr 
and  Mayer,  and  why  in  England 
the  interest  in  the  energy  ideas 
only  became  general  after  Joule's, 
Thomson's,  and  Rankine's  labours, 
as  Helmholtz  himself  remarks  in 
1854  ('Vortriige,'  &c.,  p.  39). 

'^  Helmholtz  (*•  Ueber  Mayers 
Prioritiit,"  'Vortriige,'  v-ol.  i.  p.  69) 
says  :  '*  That  the  [i.e.  Mayer's]  dis- 
sertation contained  really  important 
ideas,  that  it  did  not  belong  to  the 
wide-ranging  literature  of  vague 
suggestions,  such  as  are  annually 
served  up  by  badly  informed  ama- 
teurs, could  at  best  only  be  noticed 
by  a  reader  who  had  already  turned 
over  in  his  mind  similar  reflections, 
and  who  could  recognise  them 
under  the  somewhat  strange  vocabu- 
lary of  the  author.  Liebig,  who,  m 
the  same  year  in  which  Mayer's 
dissertation  appeared,  published  his 
book  on  animal  chemistry,  in  which 
he  fully  discussed  the  question  as  to 
the  origin  of  animal  heat,  was  i^er- 
haps  such  a  reader,  and  was  there- 
fore willing  to  insert  the  article 
in  his  annals."  The  same  remark 
would  refer  equally  to  Mohr's 
earlier  essay.      It   is  now  known 
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sufficiently  cleared  up  in  Mohr's  short  apergu,  which  does 
not  attempt   to  distinguish  .between   the   two  different 
meanings  of  the  word  force,  nor  in  the  earlier  papers 
of  Mayer,  who,  however,  in  later  writings  shows  a  clear 
appreciation  of  the  difficulty.     In  Helmholtz's  memoirs 
the  desired  clearness  was  only  attained  by  mathematical 
reasoning,  which  in  his  age  and  country  was  accessible 
to  but  few  naturalists.     The  second  and  probably  the 
fundamental    obstacle  in   the    way   of    a  just    recogni- 
tion of  the  new  truth  lay  in  the  fatal  use  of  the  term 
"  force  "  in  two  distinct  meanings.     Popularly  the  diffi- 
culty has  only  been  removed  by  the  creation  of  a  new 
vocabulary,  and  dates  from  the  introduction  of  the  term  ..^^^s.,,^^^ 
"  work  "  by  Clausius  in  1850,  and  of  the  term  "  energy  "  ;;«^^Sed 
bv  William  Thomson,  who  adopted  it  from  Young  in  the  JJeP^^'^^' 

•'  t      1    ^  ^        J.  \^      Thomson. 

year  1852.  The  confusion  which  had  been  kept  up  by 
employing  the  word  "  force  "  to  mean  not  only  pressure 
or  dead  force  (in  the  Newtonian  sense)  but  also  acting 
force  {vis  viva  in  the  Leibnizian  sense),  and  with  this 
confusion  the  whole  meaning  of  the  great  controversies 
which  raged  for  many  years  between  the  Cartesians 
and  Leibnizians  on  the  correct  measure  of  force,  was 
then  removed,  and  a  grammatical  and   logical  founda- 


from  Mayer's  published  correspond- 
ence that  some  remarks  of  Liebig 
himself,   which   appeared   early   in 
1842,  induced  him  to  send  him  his 
first  paper  in  order  "not  to  lose  the 
right  of  priority  "  (letter  to  Gries- 
iuger,  5th-6th  December  1842,  in 
'Schriften   und   Briefe,'  ed.   Wey- 
rauch,  p.  190).     Mayer  there  says  : 
"  Liebig   wrote  to  me,  inter  alia  : 
'As    to    what    force,    cause,    and 
effect  are,    there  exist   in   general 


such  confused  notions  that  an 
easily  understood  explanation  must 
be  considered  to  be  of  real  value.' 
One  would  accordingly  think  that 
he  himself  considers  himself  quite 
above  this  general  confusion  ;  that 
this  is  not  so,  I  could  see  suffi- 
ciently from  his  'phenomena  of 
motion  in  the  animal  organism' 
(Liebig,  'Die  orgauische  Chemie, 
&c.,'  1842,  p.   183,  &c.)" 
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tion  secured  on  which  a  new  generation  could  enter 
at  once  into  the  possession  of  correcter  dynamical  and 
physical  views.  It  is  now  being  recognised  more  and 
more  that  the  word  "  force "  applies  only  to  a  mathe- 
matical abstraction,  whereas  the  word  "  energy "  or 
"  power  to  perform  work  "  applies  to  a  real  quantity ; 
and  there  are  not  wanting  suggestions  that  the  former 
should  be  altogether  banished  from  scientific  text-books, 
and  that  the  latter  denotes  not  merely  a  property  of 
matter,  but  that  it  is  after  matter  the  only  real  thing 
or  substance  in  the  material  world.^ 

This  radical  change  in  the  fundamental  notions  which 
underlie  all  physical  reasoning  was  not  brought  about, 
however,  till  the  vaguer  views  expounded  by  Mayer  in 
Germany,  and  the  exact  measurements  of  Joule  in  England, 
had  been  united  by  the  independent  labours  of  Thomson 
and  Clausius,  whose  earliest  researches  (also  carried  on 
independently  of  each  other)  had  been  suggested  by  the 


1  The  late  Prof.  P.  G.  Tait  has 
on  various  occasions  expressed 
himself  in  this  sense.  See  his 
lecture  on  "  Force,"  delivered  be- 
fore the  British  Association,  Glas- 
gow, in  1876,  and  reprinted  in 
'  Recent  Advances,'  3rd  ed.,  also 
the  closing  paragraphs  of  his  article 
"  Mechanics,"  in  the  9th  ed.  of  the 
*  Ency.  Brit.,'  reprinted  as  'Dy- 
namics,' 1895,  where  he  says  (p. 
356) :  "  The  only  other  known 
thing  in  the  physical  universe, 
which  is  conserved  in  the  same 
sense  as  matter  is  conserved,  is 
energy.  Hence  we  naturally  con- 
sider energy  as  the  other  objective 
reality  in  the  physical  universe, 
and  look  to  it  for  information  as  to 
the  true  nature  of  what  we  call 
force;"    and    (p.     361):    "In   all 


methods  and  systems  which  in- 
volve the  idea  of  force,  there  is  the 
leaven  of  artificiality.  The  true 
foundations  of  the  subject,  based 
entirely  on  experiments  of  the 
most  extensive  kind,  are  to  be 
found  in  the  inertia  of  matter,  and 
the  conservation  and  transfor- 
mation of  energy.  With  the  help 
of  kinematical  ideas,  it  is  easy  to 
base  the  whole  science  of  dynamics 
on  these  principles ;  and  there  is 
no  necessity  for  the  introduction  of 
the  word  '  force,'  nor  of  the  sense- 
suggested  ideas  on  which  it  was 
originally  based."  We  must,  how- 
ever, in  that  case  extend  the  con- 
ception of  matter  to  embrace  also 
the  ether  (see  Tait,  *  Properties  of 
Matter,'  p.  5,  2nd  ed.) 
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still  earlier  writings  of  Sadi  Carnot  and  Clapeyron  in        le. 

o  *■    '^  Sadi  Carnot. 

France.  Thomson's  interest  in  the  subject  dates  from 
the  middle  of  the  'forties.  He  was  then  occupied  with 
finding  a  method  for  measuring  heat  on  the  absolute 
scale.  Mohr,  Mayer,  and  Helmholtz  all  approached  the 
thermo-dynamical  problem  in  the  medical  or  physiological 
interest.  Trained  in  the  school  of  Liebig  and  Johannes 
Mliller,  they  were  led  to  study  the  economics  of  organic 
processes  and  the  mechanism  of  the  physiological  pheno- 
mena of  animal  heat,  of  motion,  and  of  nutrition.  Sadi 
Carnot,  as  after  him  Clapeyron  in  France  and  Joule  in 
Manchester,  approached  the  thermo-dynamical  problem 
from  the  side  of  practical  interests,  created  by  the  intro- 
duction and  universal  application  of  steam  in  the  useful 
arts.  The  great  change  worked  by  the  steam-engine, 
especially  in  England,  the  utilisation  of  coal  and  iron- 
stone, the  foundation  of  England's  growing  industrial 
wealth,  seemed  to  Sadi  Carnot  to  be  concentrated  in  the 
problem  of  the  motive  power  of  heat ;  as  to  Liebig,  the 
key  which  would  unlock  the  mysteries  of  vegetable 
growth,  of  animal  nutrition,  and  of  human  labour,  with 
their  economic,  industrial,  and  political  aspects,  lay  in 
the  problem  of  combustion.  As  in  the  domain  of  electri- 
cal science,  so  in  that  of  thermotics,  the  first  thing  to 
do  was  to  arrive  at  a  correct  method  of  measuring  heat 
as  distinguished  from  temperature.  It  was  a  problem  of 
applied  mathematics.  About  the  same  time  Gauss  had 
established  the  system  of  absolute  measurement  from  a 
universal  point  of  view,  and  he  and  Weber  had  applied 
it  to  magnetic  and  electrical  phenomena.  Thomson 
set  himself  to  do   the   same   thing  in   thermotics,  and 
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he  found  in  the  ideas  expounded  by  Poncelet,  Sadi 
Carnot,  and  Clapeyron,  the  means  of  accomplishing  the 
object.  We  now  see  how  there  lay,  in  the  fundamental 
problem  of  thermo-dynamics,  the  unifying  idea  of  sciences 
hitherto  far  apart  and  working  on  independent  lines  and 
with  independent  standards  of  measurement,  speaking,  as 
it  were,  separate  languages.  And  what  was  the  new  idea 
which  lay  concealed  in  Sadi  Carnot's  forgotten  pamphlet  ?  ^ 
In  Carnot's  original  memoir  it  appears  as  an  axiom  at 
the  beginning  of  his  reflections.  "The  production  of 
motion,"  he  says,  "  in  steam-engines  is  always  accompanied 
by  a  circumstance  on  which  we  must  fix  our  attention. 
This  circumstance  is  the  re-establishment  of  equilibrium, 
or  level,  in  the  caloric — that  is  to  say,  its  passage  from 
one  body  where  the  temperature  is  more  or  less  elevated, 


^  The  story  of  Sadi  Carnot's 
memoir  is  not  less  curious  than  that 
of  Mohr's  first  paper.  It  was  first 
given  by  Lord  Kelvin  in  his  earliest 
article,  "  On  an  Absolute  Thermo- 
metric  Scale"  (1848),  reprinted  in 
'Math,  and  Phys.  Papers,'  vol.  i. 
p.  100),  and  "  An  Account  of  Car- 
not's Theory"  (1849,  ibid.,  p.  113). 
He  had  in  1845  searched  in  vain  for 
the  '  Puissance  motrice  du  Feu  '  in 
all  the  bookshops  of  Paris.  In  1848 
he  obtained  a  copy  from  Lewis 
Gordon  in  Glasgow.  It  was  known 
to  him  before  through  Clapeyron 's 
memoir  in  the  14th  vol.  of  the 
'  Journal  de  I'Ecole  polytechnique  ' 
(1834).  Sadi  Carnot  published  his 
memoir  as  a  pamphlet  in  1824.  It 
has  since  been  republished  by  his 
brother,  Hippolyte  Carnot  ( '  Reflex- 
ions sur  la  Puissance  motrice  du 
Feu  et  sur  les  Machines  propres  k 
developper  cette  Puissance,'  Paris, 
Gauthier-Villars,  1878),  with  im- 
portant posthumous  papers,  from 
which,  inter  alia,  it  is  evident  that 


Carnot,  before  he  died,  had  aban- 
doned the  material  theory  of  heat, 
and  actually,  by  an  unknown  pro- 
cess, calculated  the  mechanical 
equivalent  of  heat  as  360  kilogram- 
metres.  As  in  several  other  cases, 
so  also  in  that  of  Sadi  Carnot,  the 
line  of  reasoning  initiated  by  La- 
place, and  brilliantly  developed  by 
his  school,  militated  against  the 
acceptance  of  the  dynamical  as 
opposed  to  the  material  conception 
of  the  phenomena  of  heat  ;  and 
M.  Bertin,  in  his  "Rapport  sur  le 
Progr^s  de  la  Thermodynamique  en 
France"  ('Recueil  de  Rapports,' 
&c.,  p.  5)  could  write  in  1867  :  "H 
faut  bien  I'avouer,  parceque  c'est  la 
verite  :  nous  sommes  rest^s  long- 
temps,  je  ne  dis  pas  rebelles,  mais 
dtrangers  aux  nouvelles  id^s  :  elles 
nous  sont  restees  trop  longtemps 
inconnues,  et  encore  aujourd'hui, 
on  peutregretterqu'ellesn'occupent 
pas  une  place  plus  considerable  dans 
notre  enseignement  scientifique." 


to  another  where  it  is  lower.  .  .  .  The  production  of 
moving  force  is  therefore  due  in  steam-engines,  not  to  a 
real  consumption  of  caloric,  but  to  a  transference  from  a 
hot  body  to  a  cold  body."  ^ 

If  it  is  the  object  of  physical  science  to  describe  the 
processes  of  nature  completely  and  in  the  simplest 
language,  we  have  here  an  instance  of  a  description  of 
a  very  general  property  in  very  simple  language,  and  in 
terms  which  reduce  it  to  a  measurable  quantity.  With- 
out this,  progress  is  impossible.  It  is  not  likely,  how- 
ever, that  Carnot  saw  the  full  siejnificance  of  his  simple        n. 

'  °  ^        Carnot 

Statement,  how  in  it  he  had  introduced  into  physical  and  j-he^^eTo? 
mathematical  science  the  great  question  of  the  avail-  abimy." 
ability  of  the  forces  of  nature,  as  Mohr  and  Mayer  in 
Germany,  and  Faraday  and  Grove  in  England,  somewhat 
later,  dwelt  on  the  correlation  or  interchangeability  of 
those  forces.  The  two  ideas  were  separately  developed. 
When  they  came  together  in  one  mind,  when  Thomson 
fully  realised  the  importance  and  meaning  of  both 
— as  he  undoubtedly  did  earlier  than  any  other 
natural  philosopher — he  at  once  established  the  great 
doctrine   of  the   dissipation,  also  called  degradation  or        is. 

Thomson  in- 

depreciation,  of  energy.     But  it  required  some  modifi-  troducesthe 
cation  of  Carnot's  enunciation  of  this  general  property  sipation." 
before   it  could   be   put   into   its    modern    form.     This 
modification  was  preparing  itself  in  Carnot's  own  mind, 
as  his    papers,   posthumously   published,   have  revealed 
to  us.^     What  required  to  be  modified  was  the  word 


1^ 


^  Carnot,  '  Puissance  motrice,' 
ed.  1878,  pp.  5  and  6. 

'^  His  notebook  contained  the  fol- 
lowing entry  (' Puissance  motrice,' 


ed.  1878,  p.  90)  :  "  Lorsqu'une 
hypothese  ne  sufl&t  plus  h.  I'explica- 
tion  des  ph^nom^nes,  elle  doit  etre 
abandonn^e.     C'est  le    cas    oh    se 
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19. 
Fourier. 


caloric.     Carnot  was  brought  up  under  the  influence  of 
the   school  that  looked  upon  heat  as  an  imponderable 
substance  which  might  hide  itself — might  become  latent 
— but  could  not    be    created  or   destroyed.     This   was 
the  view  of  Black,  of  Laplace,  of  Fourier ;  it  was  not  the 
view  of  Cavendish,   of  Davy,  of  Kumford.     The  views 
of  the  former  were  embodied  in  great  treatises,  and  con- 
sistently worked  out  with  much  collateral  extension  of 
physical  and  mathematical  knowledge ;  the  views  of  the 
latter   were  expressed  in  detached  experiments  and  .in 
-casual  reflections.     Fourier^  had  just  (1822)  given  to 
the   world   his   epoch-making   work,  the   '  Theorie  ana- 
lytique  de  la  Chaleur,'  in  which  he  had  stated  that  "  the 
properties  of  heat  form  a  special  order  of  phenomena 
which  are  not  to  be  explained  by  principles  of  motion 
and   equilibrium ;" 2   and  again,   "There   exists   a  very 


trouve  I'hypothese  par  laquelle  on 
considere  le  calorique  comme  une 
mati^re,  comme  un  fluide  subtil." 
Again  (p.  92) :  "La  chaleur  est  le  re- 
sultat  d'un  mouvement.  Alors  il  est 
tout  simple  qu'elle  puisse  se  produire 
par  la  consommation  de  puissance 
motrice  et  qu'elle  puisse  produire 
cette  puissance.  Tons  les  autres 
phenomenes  .  .  .  pourraient  s'expli- 
quer  dans  cette  liypothese  :  mais  il 
serait  difficile  de  dire  pourquoi,  dans 
le  developpement  de  la  puissance 
motrice  par  la  chaleur,  un  corps 
froid  est  necessaire,  pourquoi,  en 
consommant  la  chaleur  d'un  corps 
echauffd,  on  ne  pent  pas  produire 
du  mouvement."  And  (pp.  93  and 
94)  :  "  Lorsque  Ton  fait  naitre  de  la 
puissance  motrice,  par  le  passage  de 
la  chaleur  du  corps  A  au  corps  B,  la 
quantite  de  cette  chaleur  qui  arrive 
a  B,  cette  quantite  est-elle  la 
meme,  quel  que  soit  le  corps  em- 


ploye a  realiser  la  puissance  motrice  ? 
Y  aurait-il  moyen  de  consommer 
plus  de  chaleur  a  la  production  de 
la  puissance  motrice  et  d'en  faire 
arriver  moins  au  corps  B  ?  Pourrait- 
on  meme  la  consommer  tout  enti^re 
sans  en  faire  arriver  au  corps  B  ? 
Si  cela  ctait  possible,  on  pourrait 
cr^er  de  la  puissance  motrice  sans 
consommation  de  combustible  et 
par  simple  destruction  de  la  chaleur 
des  corps."  And  (p.  94):  "La 
chaleur  n'est  autre  chose  que  ia 
puissance  motrice,  ou  plutot  que  le 
mouvement  qui  a  change  de  forme. 
C'est  un  movement  dans  les  par- 
ticules  des  corps." 

^  On  the  tardy  reception  and 
recognition  of  Fourier's  work  see 
vol.  i.  p.  241,  note,  of  this  work. 

^  'Theorie  analytique  de  la 
Chaleur,'  1822:  'Discours  pre- 
liminaire,'  p.  iii. 


extensive  class  of  phenomena  which  are  not  produced 
by  mechanical  forces,  but  which  result  solely  from  the  , 
presence  and  accumulation  of  heat.  This  part  of  natural 
philosophy  cannot  be  brought  under  dynamical  theories ; 
it  has  principles  peculiar  to  itself,  and  is  based  upon 
a  method  similar  to  that  of  the  other  exact  sciences.^ 
.  .  .  The  dilatations,  indeed,  caused  by  the  repulsive 
force  of  heat,  the  observation  of  which  dilatations  serves 
as  a  measure  of  temperature,  are  dynamical  effects ;  but 
it  is  not  these  dilatations  which  we  calculate  when  we 
investigate  the  laws  of  the  propagation  of  heat." "  He 
proceeds  to  build  up  this  new  science  "upon  a  very 
.  small  number  of  simple  facts,  of  which  the  causes  are 
unknown,  but  which  are  gathered  by  observation  and 
confirmed  by  experiments,"^  and  he  thus  arrives  at 
certain  general  relations,  expressed  in  the  form  of  equa- 
tions, which  are  different  from,  though  analogous  to,  and 
not  less  rigorous  than,  the  general  equations  of  dynamics. 
One  of  the  great  experimental  facts  upon  which  Fourier 
bases  his  theory  of  the  propagation  {i.e.,  the  conduction 
and  radiation)  of  heat  is  this,  that  all  motion  of  heat  •' 
depends  on  differences  of  temperature.  He  examines^ 
how  differences  of  temperature  are  equalised  and  de- 
duces the  law  of  the  flow  of  heat.^     Although  he  does. 


^  Fourier,  *  Theorie  analytique,' 
p.  13.  2  Ibid.,  p.  14. 

3  Ibid.,  pp.  xi,  18,  39. 

^  I  cannot  here  omit  to  point  out 
how  elegantly  Prof.  Mach  has  trans- 
lated into  the  language  of  common- 
sense  the  whole  process  of  Fourier 
for  establishing  the  fundamental 
equation  of  the  theory.  See  his 
'  Principien  der  Warmelehre '  (Leip- 


zig, 1896),  pp.  78,  &c.,  116  sqq. 
Every  student  of  physics  should 
read  the  chapters  referring  to  this 
subject.  The  mathematical  for- 
mulae will  thus  become  living  to  \^ 
him ;  but  he  will  also  see  how 
necessary  the  abstract  mathematical 
expression  of  common  -  sense  con- 
ceptions is  in  order  to  avoid  false, 
reasoning. 
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20. 
His  influ- 
.ence  on 
XJarnot. 


not  find  it  necessary  to  enter  upon  any  theory  of  the 
nature  of  heat,  the  analogy  with  the  flow  of  water  from 
higher   to  lower   levels    would   naturally  present  itself. 
For  his  purpose   this  analogy  had  no  importance.     For 
the  purposes  of  Sadi  Carnot,   who   noticed    that   upon 
the  difference   of    temperature    depended   not   only  the 
flow  of  heat,  but  also  the   work   it   might    eventually 
do,  the  same  analogy  seemed  all-important.     "  We  may," 
lie  says,  "justly  compare  the  motive  power  of  heat  with 
that  of  a  fall  of  water:  both  have  a  maximum  which 
cannot  be  exceeded.     The   motive   power   of   a   fall  of 
water  depends  upon  its  height  and  the  quantity  of  the 
liquid ;  the  motive  power   of  heat   likewise  depends  on 
the  quantity  of  caloric  employed  and  on  what  we  will 
take  the  liberty  of  calling  the  height  of  its  drop — that 
is,  the  difference  of  temperature  of  the  bodies  between 
which  the  exchange   of  caloric   has  taken  place."  ^     In 
this   analogy  two  further  assumptions  seem  to  be  im- 
plied :  First,  that  the  work  capable  of  being  done  is  in 
direct  proportion   to  the   difference  of  levels  of  height 
or  of  temperature  ;  secondly,  that   the   quantities   with 
which  we  operate,  of   water  or   of    caloric,  remain  the 
same,   before    and    after    the    fall.      Neither    of    these 
inferences  is  necessary ;   neither  is  permissible.     Carnot 
does  not  adopt  the  first  inference,^  but  he  does  adopt 
the  second,^  though   he  significantly   remarks  that   the 

motrice  augmente  sans  doute  avec 
la  difference  de  temperature  entre 
le  corps  chaud  et  le  corps  froid  ; 
mais  nous  ignorons  si  elle  est 
proportionelle  a  cette  difference" 
(ibid.,  p.  15 ;  compare  also  pp. 
38,  39). 
^  "  La  production  de  la  puissance 


^  'Puissance  motrice  du  feu,' 
ed.  1878,  p.   15. 

-  "Dans  la  chute  d'eau,  la  puis- 
sance motrice  est  rigoureusement 
proportionelle  a  la  difference  de 
niveau  entre  le  reservoir  supdrieur 
et  le  reservoir  inf^rieur.  Dans  la 
chute    du    calorique,   la  puissance 


foundations  on  which  the  theory  of  heat  rests  require 
careful  examination.^  Further  thought  evidently  led 
him  to  doubt  the  correctness  of  the  second  assumption. 
It  is  the  first  point  to  which  Thomson,  more  than 
twenty  years  after,  directs  his  attention.  He  conceives 
the  idea  of  measuring  temperature  by  such  a  scale  that 
for  an  equal  drop  in  the  scale — i.e.,  by  letting  down  heat 
by  an  equal  number  of  degrees  on  the  new  scale — equal' 
amounts  of  work  shall  be  done.^  The  speculations  of  Sadi 
Carnot  remained  unnoticed  for  a  long  time.     Ten  years        21. 

Clapeyron'e 

later  Clapeyron  ^  reverted  to  the  subject,  and  put  the  ^[^pJ^^^^^ 
reflections  of  Carnot  into  graphical  form  and  into  mathe- 
matical language.  He  introduced  the  conception,  based 
on  Carnot's  theory,  of  the  ratio  of  heat  transferred  from 
a  higher  to  a  lower  level  of  temperature  to  the  maxi- 
mum of  work  obtainable, — a  quantity  independent  of 
the  substance  employed, — and  he  called  this  fixed  ratio 
Carnot's    function.       It    was    through    his    paper    that 


method. 


motrice  est  .  .  .  due  .  .  .  non  a 
une  consommation  reelle  du  cal- 
orique, mais  h.  son  transport  d'un 
corps  chaud  a  un  corps  froid,  c'est- 
a-dire  a  son  r^tablissement  d'equi- 
libre  "  (ibid.,  p.  6). 

^  "  Au  reste,  pour  le  dire  en 
passant,  les  principaux  fondements 
sur  lesquelles  repose  la  theorie  de 
la  chaleur  auraient  besoin  de  I'ex- 
amen  le  plus  attentif.  Plusieurs 
faits  d 'experience  paraissent  a  peu 
pros  inexplicables  dans  I'etat  actuel 
de  cette  thdorie"  (ibid.,  p.  20, 
note).  *  *  La  loi  f  ondamentale  que 
nous  avions  en  vue  .  .  .  est  assise 
sur  la  theorie  de  la  chaleur  telle 
qu'on  la  con§oit  aujourd'hui,  et  il 
faut  I'avouer,  cette  base  ne  nous 
parait  pas  d'une  solidity  indbran- 
lable"  (p.  50).  As  stated  above 
(p.  118,  note),  Carnot  emancipated 


himself  from  the  conventional  or 
material  view  of  the  nature  of 
heat.  See  the  appendix  to  the 
edition  of  1878. 

^  See  'Cambridge  Philosophical 
Society  Proceedings,'  June  1848  ; 
reprinted  in  Thomson's  (Lord  Kel- 
vin's) *  Math,  and  Phys.  Papers,' 
vol.  i.  p.  100. 

^  Benoit  Pierre  Emile  Clapeyron 
was  an  engineer.  In  1834  he  pub- 
lished, in  the  fourteenth  cahier  of 
the  'Journal  de  I'Ecole  Polytech- 
nique,'  his  "  Memoire  sur  la  Puis- 
sance motrice  de  la  Chaleur."  It 
was  through  a  translation  of  this 
paper  in  '  Taylor's  Scientific  Mem- 
oirs '  that  Thomson  heard  about 
Carnot's  earlier  work,  and  through 
a  translation  in  Poggendorf 's  '  An- 
nalen '  (1843)  that  Helmholtz  be- 
came acquainted  with  the  subject. 
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22. 

Perpetual 

motion 

impossible. 


Helmholtz  in  Germany,  and  Thomson  in  England,  heard 
about  Sadi  Carnot  himself.  Sadi  Carnot,  so  much  earlier 
and  so  unlike  Mayer,  had  nevertheless  one  point  in 
common  with  him.  This  point  seems  to  have  given 
a  common  anchorage  to  all  those  thinkers  who,  in  the 
course  of  a  generation,  gradually  lifted  the  theory  of  heat 
and  energy  out  of  twilight  into  clear  thought.  Sadi 
Carnot,  Mayer,  Joule,  Helmholtz,  Thomson,  all  express 
or  imply  the  same  idea  —  viz.,  the  impossibility  of  a 
perpetual   motion.^      In   one    form  or  other  this  seems 


^  The  conception  of  a  "perpet- 
ual motion,"  or,  as   it    is    termed 
abroad,  of  a  "  perpetuum  mobile," 
and     that    of     its     impossibility, 
have    been    changed     and     more 
clearly   defined    in    the   course   of 
the  hundred  years  which  followed 
the  decision  of  the  Paris  Academy 
of  Sciences  in  1775  not  to  receive 
in  future  any  scheme  of  perpetual 
motion.     Into    the   same    class   of 
axiomatic  impossibilities  were  also 
thrown     the     **  squaring    of     the 
circle  "  and  the  "  trisection  of  the 
angle."     Helmholtz    (appendix    to 
his  Lecture  on  'Die  Wechselwirk- 
uug  der  Naturkrafte,'  1853,  dated 
1883)    remarks    that  the  proof  of 
the    impossibility    did     not    then 
exist,  and  that  the  resolution  was 
therefore     based     merely    on    the 
experience   of  past   failures.     The 
doctrine  of  Energy,  the  arithmet- 
ical discoveries  of  Gauss,  and  the 
elegant  researches  of  Hermite  and 
Lindemann,    have    thrown    much 
light    on    these    celebrated    prob- 
lems.     In    the    last     chapter     of 
this  volume  I  shall  revert  to  the 
two    latter ;    as   to   the   first,   the 
"perpetual  motion,"  what  follows 
may  tend   to    clear    the    popular 
conceptions.      Tait    has    correctly 
remarked  that   "  perpetual  motion 
is  simply  a  statement  of  Newton's 


first    law    of    Motion  "     ( *  Recent 
Advances,'   3rd   ed.,  *p.    74).     He 
might    have    added    that   it   took 
probably    as    much    ingenuity  on 
the  part  of  Galileo  to  arrive  at  the 
principle  of  inertia — viz.,  that  "all 
motion  is  perpetual  until  force  in- 
terferes to  alter  and  modify  it" — as 
it  took  to  formulate  correctly  the 
other   principle   that   such  a  per- 
petual motion  is  of  no  use,  because 
you  cannot  do  any  work  with  it, 
except  by    using    it    up   or  anni- 
hilating it.     In   the   beginning  of 
the    nineteenth    century   the  im- 
possibility of  a  mechanical  device 
for  the  so-called  perpetual  motion 
was   universally  awdmitted,  though 
— as  Rosenberger  ('  Geschichte  der 
Physik,'   vol.     iii.     p.    229,    note) 
remarks  —  this   was    not   also  ex- 
.tended   to    physical    processes,    it 
being  taught  that  the  processes  of 
nature    represented  a   "perpetual 
cycle    which    uninterruptedly    re- 
newed itself."     In  fact,  the  truth 
was    beginning    to    dawn    that  if 
motive  power  or  energy  could  not 
be  obtained  out  of  nothing  neither 
could  it  be  destroyed.     Carnot  in 
1824,  and  Mayer  in  1842,  both  take 
it  as  an  axiom  that  power  cannot 
be  created ;    Mohr  in   1837,    and 
Joule  in  1843  and  1845,  are  equally 
convinced  that   power   cannot  be 


to  be  an  axiom  with  them,  but  even  this  apparently 
simple  article  of  faith  in  natural  philosophy  meant 
something  different  to  different  thinkers  according  to 
the  greater  or  less  clearness  of  their  physical  concep- 
tions. Helmholtz,  in  his  celebrated  memoir  of  1847, 
conceives  all  natural  processes  to  be  ultimately  re- 
ducible to  purely  mechanical  processes,  and  in  doing 
so  he  sees  that  a  well-known  law  in  mechanics,  the 
conservation  of  the  vis  viva,  must  have  a  meaning  for 
all  natural  forces.  This  he  proceeds  to  develop.  Others, 
like  Faraday,  Mohr,  Grove,  have  a  silent  conviction  that 
besides  ponderable  matter  there  is  some  other  quantity 
in  nature  which  is  indestructible  and  cannot  be  created, 
but  only  changed  and  transferred ;  they  frequently  call  it 
force,  and  thus  entangle  themselves  or  their  readers  in 


destroyed.  Under  the  influence 
of  Oersted's  philosophy  Colding 
expresses  similar  ideas  in  1843 
(see  'Phil.  Mag.'),  4th  series,  vol. 
xxvii.  p.  58).  In  fact,  during  the 
fifth  decade  of  the  century  the 
three  conceptions  of  the  impossi- 
bility of  creating  power,  its  inde- 
structibility, and  the  converti- 
bility of  its  different  forms,  were 
more  and  more  clearly  enunciated. 
They  were  at  last  expressed  in 
the  formula  of  the  "  conservation 
of  energy. "  It  was  Thomson  (Lord 
Kelvin)  who  then— in  1852 — first 
clearly  recognised  that  the  old  phan- 
tom of  a  perpetual  motion  was 
turning  up  again  in  a  new  form. 
(See  his  Essay  on  '*  Dissipation  of 
Energy"  in  the  'Fortnightly  Re- 
view,' March  1892,  reprinted  in 
'  Popular  Lectures  and  Addresses,' 
vol.  ii.  p.  452.)  Ever  since  Thom- 
son's essay  of  1852  naturalists 
and  philosophers  may  be  said  to 
be  trying  to  formulate  in  the 
simplest  terms  the  great  principle 


of  nature,  that  though  energy  is 
never  lost,  it  becomes  —  for  our 
practical  purposes  —  unavailable. 
Prof.  Ostwald  has  expressed  this 
by  reviving  the  terminology  of 
the  perpetual  motion.  "It  is  not 
generally  recognised  that  the 
principle  of  perpetual  motion  has 
two  sides.  On  the  one. side  .  .  . 
perpetual  motion  could  be  realised 
if  one  could  create  energy.  .  .  . 
The  expression  of  the  impossi- 
bility of  doing  this  is  the  first  law 
of  Energetics.  ...  A  perpetual 
motion  could,  however,  on  the 
other  side  be  attained  if  it  were 
possible  to  induce  the  large  store 
of  energy  at  rest  to  enter  into 
transformations.  .  .  .  This  might 
be  termed  a  perpetual  motion 
of  the  second  kind."  The  impossi- 
bility of  this  Ostwald  terms  the 
second  principle  of  Energetics 
( •  AUgemeine  Chemie,'  vol.  ii. 
part  1,  p.  472  ;  cf.  Helm 
♦Energetik,'  p.   304). 
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8S. 

Application 


that  confusion  which  the  indefinite  use  of  the  word  had 
caused,  especially  among  Continental  writers.  One  of 
the  first  practical  applications  of  this  idea  as  referred 
to  the  motive  power  of  heat  in  Carnot's  sense  was  made 
by  William  and  James  Thomson  in  1849.  They  had 
and^ameT  ^^^^  ^^^^^Y  rcaliscd  that  lowering  of  temperature  might 
be  accompanied  by  the  doing  of  work  by  heat,  and 
that  elevation  of  heat  to  a  higher  temperature  meant 
expense  of  work.  If,  therefore,  work  could  be  done  by 
heat  without  lowering  the  temperature,  there  was  an 
apparent  gain  of  motive  power  without  corresponding 
expenditure.  It  was  known  that  water  at  freezing? 
temperature  expanded  in  becoming  ice :  it  was  capable 
of  doing  work,  frequently  very  destructive  work,  with- 
out a  lowering  of  temperature.  In  order  to  convert 
water  into  ice  of  the  same  temperature,  heat  must  be 
abstracted.  Here,  then,  was  a  case  of  a  possible  trans- 
ference of  heat  without  fall  of  temperature,  and  the 
creation  or  gain  of  great  power  to  do  work;  but,  ac- 
cording to  Carnot's  principle,  equality  of  temperature 
implied  an  absence  of  expenditure  of  work.  So  here 
was  a  case  of  gain  without  expenditure  of  power  sim- 
ply by  a  transference  of  heat  at  freezing-point.  James 
Thomson^  saw  the  solution  of  the  paradox.     If  water 


^  The  reasoning  of  James  Thom- 
son, based  again  upon  the  impossi- 
bility of  a  perpetual  motion,  is  given 
in  the  following  passage  of  his  com- 
munication to  the  Royal  Society  of 
Edinburgh,  dated  January  2,  1849 
(reprinted  in  his  brother,  Lord  Kel- 
vin's, *  Math,  and  Phys.  Papers,' 
vol.  i.  p.  156):  "Some  time  ago 
my  brother.  Prof.  William  Thomson, 
pointed  out  to  me  a  curious  conclu- 


sion to  which  he  had  been  led  hy 
reasoning  on  principles  similar  to 
those  developed  by  Carnot  with  ref- 
erence to  the  motive  power  of  heat. 
It  was  that  water  at  the  freezing- 
point  may  be  converted  into  ice  by 
a  process  solely  mechanical,  and  yet 
without  the  final  expenditure  of  any 
mechanical  work.  This  at  first  ap- 
peared to  me  to  involve  an  impossi- 
bility, because  water  expands  while 


in  expanding  by  freezing  is  made  to  do  work,  it  over- 
comes pressure;  it  has  to  freeze  under  pressure.  The 
temperature  of  water  freezing  under  pressure  must  be 
lower  than  that  of  water  freezing  under  ordinary  con- 
ditions.^ Knowing  the  mechanical  duty  of  a  'degree  of 
temperature  and  the  work  of  the  expansion  of  ice,  he 
could  calculate  how  much  the  freezing-point  of  water 
must  be  lowered  by  pressure.  In  1850  his  brother 
William  Thomson  verified  this  theoretical  prediction  by 
actual  experiment.^  It  is  well  known  how  Helmholtz 
in  1865  made  use  of  this  theoretically  predicted  and 
practically  verified  phenomenon  in  his  celebrated  glacier 
theory.^  Both  James  and  William  Thomson,  when 
they  drew  the  conclusions  from  Carnot's  theory,  still 
adhered  to  the  doctrine  of  the  entire  conservation  of 
heat.'*     But    William    Thomson,   who    was    equally   ac- 


freezing ;  and  therefore  it  seemed 
to  follow  that  if  a  quantity  of  it 
were  merely  enclosed  in  a  vessel 
with  a  movable  piston  and  frozen, 
the  motion  of  the  piston  conse- 
quent on  the  expansion  being  re- 
sisted by  pressure,  mechanical  work 
would  be  given  out  without  any 
corresponding  expenditure ;  or,  in 
other  words,  a  perpetual  source  of 
mechanical  work,  commonly  called 
a  perpetual  motion,  would  be  pos- 
sible. ...  To  avoid  the  absurdity 
of  supposing  that  mechanical  work 
could  be  got  out  of  nothing,  it 
occurred  to  me  that  it  is  necessary 
further  to  conclude  that  the  freezing- 
point  becomes  lower  as  the  pressure 
to  which  the  water  is  subjected  is 
increased. " 

^  "  The  mechanical  pressure  pro- 
motes— as  is  generally  the  case  with 
the  alternate  action  of  different 
forces  in  nature  —  such  a  change, 
viz. ,  melting  of  ice,  as  is  favourable 


to  the  efiFect  of  its  own  action" 
(Helmholtz, '  Vortrage  und  Reden,' 
vol.  i.  p.  217). 

■^  '  Proceedings  of  the  Roy.  Soc. 
of  Edinburgh,'  January  1850,  re- 
printed in  *  Math,  and  Phys.  Papers,' 
vol.  i.  p.  165. 

^  Helmholtz,  loc.  cit.j  p.  215  sqq., 
where  also  the  phenomenon  dis- 
covered and  called  **  regelation  of 
ice,"  by  Faraday,  is  similarly  ex- 
plained. 

■*  It  is  important  to  notice  this, 
as  the  formula  with  which  we  are 
now  familiar,  that  the  mechanical 
work  gained  meant  consumption  of 
heat,  was  not  available  at  that  time. 
This  is  significantly  pointed  out  by 
Helm  ( *  Energetik,'  p.  69).  The 
reasoning  was  accordingly  more 
difficult  and  refined.  James  Thom- 
son, however,  had  at  the  time  some 
misgivings  on  the  then  prevalent 
view,  and  in  a  footnote  he  refers 
to  the  * '  possibility  of  the  absolute 
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24. 
The  two 
laws  of 
thermo- 
dynamics. 


quainted  with  Carnot's  ideas  and  with  Joule's  work, 
increasingly  felt  the  necessity  of  reconciling  both  views 
in  one  consistent  view.  So  did  Clausius  independently 
at  Zurich.  The  result  was  the  doctrine  of  the  "  con- 
servation of  energy," — not  of  heat,  as  Carnot  had  it, — 
and  the  embodiment  of  the  two  correct  ideas  contained 
independently  in  Carnot's  and  Joule's  work  in  the  two 
well-known  laws  of  thermo-dynamics  ^  —  viz.,  the  con- 
servation,  equivalence,   and  convertibility  of  energy,  as 


formation  or  destruction  of  heat  as 
an  equivalent  for  the  destruction  or 
formation  of  other  agencies,  such 
as  mechanical  work  "  ('  Math,  and 
Phys.  Papers'  vol.  i.  p.  161,  note). 
The  acceptance  of  the  doctrine  of 
the  convertibility  of  heat  and 
mechanical  work  —  implying  the 
conservation  of  energy  in  place  of 
the  conservation  of  heat,  as  Carnot 
had  it — seems  to  have  taken  place 
in  Lord  Kelvin's  mind  immediately 
after  his  paper  referred  to  above  in 
consequence  of  a  paper  by  Rankine 
*'  On  the  Mechanical  Action  of 
Heat "  (Roy.  Soc.  Edinburgh,  Feb. 
1850),  as  is  shown  by  his  letter  to 
Joule,  dated  October  1850  {loc.  cit, 
vol.  i.  p.  170).  He  there  refers  also 
to  a  memoir  by  Clausius  in  Poggen- 
dorf 's  '  Annalen  '  of  April  and  May 
of  the  same  year  as  adopting 
"Joule's  axiom  instead  of  Carnot's  " 
(ibid.,  p.  173). 

^  The  reconciliation  of  Joule's 
dynamical  theory  of  heat  with  Car- 
not's doctrine,  and  the  necessary 
modification  of  the  latter,  is  con- 
tained in  Lord  Kelvin's  classical 
memoir,  "On  the  Dynamical 
Theory  of  Heat,"  in  the  '  Trans,  of 
the  Roy.  Soc.  of  Edinburgh,'  March 
1851  ('Math,  and  Phys.  Papers,' 
vol.  i.  p.  173  sqq.)  In  the  intro- 
duction, Davy,  Mayer,  Joule,  and 
notably  Liebig,  are  mentioned  as 
earlier  supporters   of  the  doctrine 


of  the  convertibility  of  heat  into 
mechanical  effect,  Rankine  and 
Clausius  as  the  latest  contributors 
(p.  176).  The  first  and  celebrated 
enunciation  of  the  second  law  by 
Thomson  is  given  at  the  very  be- 
ginning (p.  179),  and  in  the  sequel 
the  denial  of  it  is  shown  to  mean 
the  possibility  of  a  perpetual  mo- 
tion. A  little  farther  on  Thomson 
refers  to  Clausius  in  the  words : 
•'The  merit  of  first  establishing  the 
proposition  upon  correct  principles 
is  entirely  due  to  Clausius,  who 
published  his  demonstration  of  it 
in  the  month  of  May  last  year " 
(1850).  It  has  on  the  other  side 
been  admitted  by  Clausius  (*  Die 
mechanische  Warmetheorie,'  2te 
Aufl.,  1876,  vol.  i.  p.  358)  that 
Thomson's  independent  develop- 
ment of  the  second  law,  thouf,'h 
published  later,  is  conducted  from 
a  more  general  point  of  view, 
whereas  his  own  treatment  was 
purely  mathematical  and  confined 
to  special  cases.  The  most  general 
and  philosophical  expression  of  the 
new  principle  was  given  by  Thom- 
son in  his  celebrated  communication 
to  the  Royal  Society  of  Edinburgh, 
April  19,  1852,  "On  a  Universal 
Tendency  in  Nature  to  the  Dissipa- 
tion of  Mechanical  Energy "  (re- 
printed in  '  Math,  and  Phy-^- 
Papers,'  vol.  i.  p.  511). 


expressed  in  the  first  law,  and  the  doctrine  of  the  avail- 
ability of  energy  as  expressed  in  the  second  law.  It  was 
Thomson  who  first  clearly  saw  that  the  axiom  of  the 
impossibility  of  a  perpetual  motion  would  be  infringed  if 
the  first  law  of  thermo-dynamics — the  indestructibility  of 
energy — was  accepted  without  the  second.  For  practical 
use,  for  doing  work,  it  is  not  sufficient  that  energy  be 
not  lost ;  it  must  be  available — get-at-able.  Energy  may 
be  in  a  condition  in  which  it  is  useless — hidden  away — 
and  to  bring  it  forth  again  may  either  be  for  us  impos- 
sible (if  it  be  dissipated),  or  may  require  an  expenditure 
of  work — i.e. J  of  energy — to  do  so.  The  second  law  puts 
into  mathematical  language  another  very  important  and 
very  striking  property  of  the  processes  in  nature.  Let 
us  dwell   on  this  a  moment. 

The  doctrine  of  the  preservation  of  energy,  of  the 
equivalence  of  the  different  forms  of  energy,  tended  to 
put  all  the  forms  of  energy  on  the  same  level.  If  they 
be  convertible,  they  appear  to  be  of  the  same  value. 
If  in  doing  work,  energy  was  not  consumed  but  only 
changed,  it  stood  to  reason  that  it  might  be  changed 
back  again,  so  that  the  work  could  be  done  over  again. 
In  other  words,  if  all  processes  are  purely  mechanical 
processes — modes  of  motion — a  supposition  which  very 
early  forced  itself  with  more  or  less  clearness  on  the 
pioneers  of  the  science  of  energy,  they  must  be  reversible  : 
it  must  be  possible  to  turn  them  round  again,  to  undo 
what  has  been  done,  or  to  do  what  has  been  undone. 
Now  the  common-sense  view  of  nature  tells  us  at  once 
that  this  is  impossible ;  but  it  does  not  seem  to  have 
struck   the   earlier  propounders  of   the  doctrine  of   the 
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jequivalence  and  correlation  of  forces,  such  as  Faraday, 
Mohr,  Mayer,  Grove — not  even  Joule  and  Helmholtz — 
that  if  neither  matter  nor  power  is  lost,  the  phenomena 
of  loss  and  waste  in  nature  and  in  human  life  remain 
unexplained.  The  only  mind  to  whom  this  problem 
presented  itself  was  Sadi  Carnot,  and  it  presented  itself 
to  him  in  an  extreme  form ;  for  he  started  with  the 
idea  that  even  heat  itself  in  doing  work  was  not  lost 
or  destroyed,  but  handed  over  from  the  hotter  body 
(the  boiler  of  the  steam-engine)  to  the  colder  body  (the 
condenser  of  the  steam-engine).  We  now  know  that 
this  view  was  not  correct — that  the  whole  heat  is  not 
handed  over,  but  always  only  a  portion  of  the  heat.  But, 
with  this  exaggerated  view  in  his  mind,  he  tried  to  explain 
the  phenomena  of  loss  and  waste,  and  he  conceived  that 
the  explanation  lay  in  the  lowering  of  the  temperature. 
"  It  would  be  difficult  to  say  why  "  —  though  he  had 
assumed  it  as  an  axiom  that — ''in  the  development  of 
motive  power  by  heat,  a  cold  body  should  be  necessary, 
why  in  consuming  the  heat  of  a  heated  body  we  cannot 
produce  motion."  ^  Heat  at  high  temperature  is  of  more 
value  for  doing  work  than  the  same  amount  of  heat  at 


^  The  words  quoted  are  taken 
from  one  of  the  fragments  published 
in  the  year  1878  by  H.  Carnot  from 
the  posthumous  MSS.  of  his  brother, 
Sadi  Carnot.  In  this  fragment  he 
approaches  the  modern  conception 
that  heat  is  the  result  of  motion : 
he  sees  that  all  other  phenomena 
can  be  explained  by  this  hypothesis  ; 
but  he  pauses  after  having  stated 
the  difficulty  quoted  above  in  the 
text,  and  reverts,  after  some 
further  queries,  to  the  same  diflfi- 


culty  in  the  words,  "Can  one  con- 
sume the  heat  entirely  without 
letting  any  arrive  at  the  body  B 
[viz.,  from  a  body  A]  <  If  this  were 
possible,  one  could  create  motive 
power  without  consumption  of 
fuel,  and  simply  by  the  destruction 
of  the  heat  of  bodies"  ('Puissance 
motrice,  &c.,'  ed.  1878,  pp.  92  and 
94).  It  is  interesting  to  see  how 
nearly  these  reflections  approach  to 
those  made  more  than  twenty  years 
later  by  Thomson. 
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low  temperature.  By  doing  work,  as  also  by  conduction, 
and  radiation  with  absorption,  this  inequality  of  tempera- 
ture is  spent,  i.e.,  lost.  Clausius  and  Thomson  alone 
seem  to  haye  grasped  the  value  of  this  conception.  The 
difficulty  was  to  put  it  into  mathematical  language — 
into  calculable  terms.  Each  did  this  independently. 
Thomson,  more  than  any  other  thinker,  put  the  problem 
into  common-sense  language,  brought  the.  subject  home 
to  the  practical  reason ;  at  the  same  time  he  put  it  into 
mathematical  language,  allowing  the  conceptions  of  waste  ^ 
and  of  value  and  of  availability  (or  usefulness)  of  energy 
to  be  scientifically — that  is,  measurably — defined.  In 
1851  he  put  the  axiom  upon  which  Carnot's  reasoning 
is  based  (without  knowing  the  words  of  Carnot  quoted 
above)  into  the  following  words  :^  "It  is  impossible  by 
means  of  inanimate  material  agency  to  derive  mechanical 
effect  from  any  portion  of  matter  by  cooling  it  below 
the  temperature  of  the  coldest  of  the  surrounding  objects." 
He  saw  at  once,  when  adopting  Joule's  doctrine  of  the 
convertibility  of  heat  and  mechanical  work,  that,  if  all 
processes  in  the  world  be  reduced  to  those  of  a  perfect 


^  The  term  "wasted,"  as  distin- 
guished from  "annihilated,"  is  first 
introduced  in  Part  1  of  the  "  Dyn- 
amical Theory  of  Heat,"  1851,  p. 
189  of  '  Math,  and  Phys.  Papers,' 
vol.  i.  ;  and  in  the  following  year, 
in  a  paper  read  before  the  Royal 
Society  of  Edinburgh  on  the  19th 
of  April,  entitled,  "  On  a  Universal 
Tendencv  in  Nature  to  the  Dis- 
sipation  of  Mechanical  Energy," 
the  subject  is  brought  home  to  the 
general  understanding  by  a  succes- 
sion of  short  theses  referring  to  the 
dissipation     and    possible    limited 


restoration    of    energy    ('Papers,' 
vol.  i.  p.  511,  &c.) 

2  •  Math,  and  Phys.  Papers,'  vol. 
i.  pp.  179,  511.  Helmholtz  (*Vor- 
trage  und  Reden,'  vol.  i.  p.  43)  said 
in  1854:  "In  any  case  we  must 
admire  the  acumen  of  Thomson, 
who  could  read  between  the  letters 
of  a  mathematical  equation,  for 
some  time  known,  which  spoke 
only  of  heat,  volume,  and  press- 
ure of  bodies,  conclusions  which 
threaten  the  universe,  though  in- 
deed only  in  infinite  time,  with 
eternal  death." 
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mechanism,  they  will  have  this  property  of  a  perfect 
machine,  namely,  that  it  can  work  backward  as  well  as 
forward.  It  is  against  all  reason  and  common-sense 
to  carry  out  this  idea  in  its  integrity  and  completeness. 
"  The  essence  of  Joule's  discovery  is  the  subjection  of 
physical  phenomena  to  dynamical  law.  If,  then,  the 
motion  of  every  particle  of  matter  in  the  universe  were 
precisely  reversed  at  any  instant,  the  course  of  nature 
would  be  simply  reversed  for  ever  after.  The  bursting 
bubble  of  foam  at  the  foot  of  a  waterfall  would  reunite 
and  descend  into  the  water ;  the  thermal  motions  would 
reconcentrate  their  energy  and  throw  the  mass  up  the 
fall  in  drops,  re-forming  into  a  close  column  of  ascending 
water.  Heat  which  had  been  generated  by  the  friction 
of  solids  and  dissipated  by  conduction  and  radiation  with 
absorption,  would  come  again  to  the  place  of  contact  and 
throw  the  mo\dng  body  back  against  the  force  to  which 
it  had  previously  yielded.  Boulders  would  recover  from 
the  mud  the  materials  required  to  rebuild  them  into 
their  previous  jagged  forms,  and  would  become  re-united 
to  the  mountain  -  peak  from  which  they  had  formerly 
broken  away.  And  also,  if  the  materialistic  hypothesis 
of  life  were  true,  living  creatures  would  grow  backwards 
with  conscious  knowledge  of  the  future,  but  with  no 
memory  of  the  past,  and  would  become  again  unborn. 
But  the  real  phenomena  of  life  infinitely  transcend 
human  science;  and  speculation  regarding  consequences 
of  their  imagined  reversal  is  utterly  unprofitable.  Far 
otherwise,  however,  is  it  in  respect  to  the  reversal  of  the 
motions  of  matter  uninfluenced  by  life,  a  very  elementary 
consideration  of  which  leads  to  the  full  explanation  of 


the  theory  of  dissipation  of  energy."  ^  Whilst  Clausius 
in  Germany  and  Thomson  in  England  were  busy  reconcil- 
ing the  truths  contained  in  Carnot's  older  researches  with 
the  new  conceptions  firmly  established  by  Joule's  classical 
measurements,  putting  both  into  mathematical  and  into 
popular  language,  correcting  our  mathematical  formulae  as 
well  as  our  vocabulary,  other  applications  of   the  new 

26. 

ideas  assisted  in  procuring  for  them  general  recognition  Rankm'e, 

Q  Q   •       /->(  Zeuner,  and 

and  acceptance.     Eankine  ^  in  England,  Zeuner  "^  m  Ger-  Him. 


^  Lord  Kelvin,  in  a  paper  read 
before  the  Royal  Society  of  Edin- 
burgh, 2nd  February  1874,  on  "  The 
Kinetic  Theory  of  the  Dissipation 
of  Energy  "  ( '  Proceedings,'  vol.  viii. 
p.  325  %qq. )  See  also  his  article  in 
the '  Fortnightly  Review  '  for  March 
1892,  reprinted  in  '  Popular  Lec- 
tures and  Addresses,'  vol.  ii.  p. 
449  %qq. 

-  The  earliest  formal  treatise  on 
thermo  -  dynamics  was  Macquorn 
Rankine's  article  on  "The  Mechani- 
cal Action  of  Heat "  in  Nichol's 
'Cyclopaedia'  for  the  year  1855. 
The  part  he  took  in  the  develop- 
ment of  the  new  science  was  prac- 
tical and  at  the  same  time  highly 
speculative.  His  papers  on  tem- 
perature and  elasticity  of  steam 
and  other  vapours,  on  the  expan- 
sion of  liquids  by  heat,  and  on 
the  mechanical  action  of  heat,  of 
dates  1849  and  1850  (see  '  Miscellan- 
eous Scientific  Papers,'  ed.  Millar, 
1881,  pp.  1,  16,  234),  entitle  him 
to  be  considered  as  one  of  the 
first — if  not  the  first  (see  his  claim 
to  priority  in  a  letter  in  Poggen- 
dorfs  'Annalen,'  p.  81,  1850)— to 
reconcile  Carnot's  discovery  with 
the  mechanical  view.  His  investi- 
gations were  peculiar,  combining 
practical  applications  of  great  value 
and  important  predictions  (see 
Tait's  memoir  prefaced  to  Ran- 
kine's '  Papers,'  p.  xxix)  with  daring 


speculation  ;  his  deductions  being 
founded  on  his  theory  of  molecular 
vortices.  Though  he  exerted  in 
this  country  a  great  influence  on 
the  early  workers  in  thermo-djTi- 
amics,  his  theories  were  scarcely 
relished  in  Germany  (see  Helm- 
holtz's  criticism  of  Rankine's 
methods  in  1853,  quoted  by  Helm, 
'Energetik,'  p.  114),  where  Claus- 
ius's  independent  and  simultaneous 
researches  on  the  same  subject  had 
meanwhile  usurped  attention.  But 
Rankine's  '  Manual  of  Applied 
Mechanics'  (1857),  his  'Manual  of 
the  Steam-engine  and  other  Prime 
Motors '  (1859),  were  the  first  books 
of  practical  application  in  which, 
through  a  happy  nomenclature 
and  an  extensive  use  of  graphical 
methods  (Watt's  indicator  diagram 
and  Carnot's  cycle),  the  new  ideas 
were  introduced  to  a  wider  circle. 
See  Helm's  estimate  of  Rankine's 
work  in  'Energetik,'  p.   116  sqq. 

^  Somewhat  later  than  Rankine 
in  this  country,  Zeuner  in  Switzer- 
land and  Germany,  following  upon 
Clausius's  theoretical  memoirs,  in- 
troduced the  mechanical  treatment 
of  practical  heat  -  problems.  His 
*  Grundziige  der  mechanischen 
Warmetheorie '  (1860)  was  to  many 
a  revelation.  Appearing  about  the 
time  when  the  German  mechanical 
and  chemical  industries  were  start- 
ing   upon     a     new     development, 
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many,  and  Him  ^  in  France,  studied  the  most  important 
of  all  machines  then  in  use,  the  steam-engine,  in  the  light 
of  the  new  discoveries.  It  became  possible  to  define 
clearly  what  was  meant  by  the  efficiency  of  an  engine, 
and  to  distinguish  between  those  losses  of  the  energy  of 
heat  or  temperature  which  were  dependent  on  the  use  of 
steam  as  the  working  substance,  and  therefore  inherent 
and  unavoidable,  and  those  losses  which  depended  upon 
the  mechanism  and  upon  the  carrying  out  of  the  process 
employed.  The  older  teachings  contained  in  treatises 
written   before   a   knowledge,  or   even   an   idea,  of   the 


largely  based  upon  the  scientific 
training  afforded  in  the  excellent 
chemical  laboratories  and  poly- 
technic schools  of  Germany,  it 
assisted  in  giving  to  German  in- 
dustrial enterprise  that  scientific 
character  which  was  at  first  ridi- 
culed and  has  latterly  been  ex- 
tolled in  unbounded  measure,  and 
which — combined  with  the  organis- 
ing ability  inherited  from  English 
ancestry — seems  to  be  one  of  the 
distinctive  features  of  the  great 
industrial  progress  of  America. 
First  among  writers  on  the  Contin- 
ent Zeuner  gave  such  a  connected 
exposition  of  the  principles  de- 
veloped by  Clausius,  Thomson,  and 
Rankine  as  met  the  requirements 
of  practical  engineers ;  attached  to 
them  applications  referring  to  the 
steam-engine  ;  criticised  the  views 
adopted  by  Watt  and  later  writers, 
notably  de  Pambour,  with  reference 
to  the  behaviour  of  saturated  va- 
pour in  the  steam-cylinder  during 
expansion  and  compression ;  and 
largely  prepared  the  way  for  the 
great  improvements  in  steam,  air, 
and  refrigerating  engines  which 
have  been  brought  out  on  the  Con- 
tinent by  those  trained  in  his 
school.     Through  Clausius,  Zeuner, 


and  others,  Dingler's  '  Poly- 
technic Journal '  became  the 
organ  by  which  the  many  discus- 
sions on  the  new  mechanical  theory, 
and  notably  the  second  law  of  ther- 
mo  -  dynamics,  gradually  forced 
themselves  upon  the  attention  of 
practical  men. 

^  Equally    important    were    the 
labours  of  Adolph  Hirn  (1815-90). 
He  was  a  self-made  man  who  had 
grown  up  in  the  midst  of  the  im- 
portant textile  industry  of  Alsace. 
With    a    naturally    inquiring    dis- 
position he  combined  the  scientific 
and    artistic   accomplishments   for 
the    manifestation    of    which    the 
chemical  and  mechanical  products 
of   that   country   have    long   been 
renowned.      He  approached   some 
of   the  great  theoretical  problems 
connected    with    practical    engin- 
eering,   such    as     those    of    heat, 
steam,  lubrication,  and  superheat- 
ing, by  a    long   series  of  carefully 
planned  experiments.     A  very  in- 
teresting account  by  several  authors 
is  given  in  a  publication  by  Faudel 
and  Schwoerer  ('  G.  A.  Hirn,  sa  Vie, 
sa    Famille,    ses    Travaux,'    Paris, 
1893).      Hirn,   like    Rankine,   was 
not  only  an  engineer,  but  also  an 
artist  and  a  philosopher. 


mechanical  value  and  the  availability  of  heat  existed, 
had  to  be  largely  altered,  and  corrected  notions  laid 
down,  frequently  as  a  result  of  prolonged  discussion.^ 
As  an  example,  I  may  refer  to  the  controversy  between 
Hirn  and  Zeuner  as  to  the  cause  of  the  great  discrepancy 
between  the  theoretical  and  practical  figures  referring  to 
the  work  in  the  steam-cylinder,  the  so-called  "  Water  or 
Iron  "  controversy.^ 

But  whilst  it  must  be   admitted  that   the   corrected 
views  regarding    the    nature  of  heat — the  preservation 


^  The  best  account  of  the  prac- 
tical bearings  of  the  mechanical 
theories  of  Rankine  and  Clausius 
is  to  be  found  in  Prof.  Unwin's 
"  Forrest  Lecture,"  delivered  2nd 
May  1895,  before  the  Institute  of 
Civil  Engineers,  and  published  in 
the  'Electrician,'  vol.  xxxv.  p.  46 
«75.  and  p.  77  sqq.  He  there  refers 
to  the  great  discrepancy  between 
the  "rational"  and  the  "experi- 
mental" theories,  and  to  Hirn's 
experiments  and  practical  results, 
notably  with  the  "steam-jacket," 
and  his  introduction  of  "super- 
heating" in  1855.  "No  doubt 
the  rational  theory  altogether 
underrated  the  enormous  facility 
of  heat-exchange,  which  arises  out 
of  the  contact  between  a  conduct- 
ing cylinder- wall  and  a  vapour  in  a 
condition  of  the  greatest  instability, 
and  liable  to  condense  or  evaporate 
on  the  slightest  change  of  thermal 
condition  "  (p.  50).  The  several  con- 
troversies through  which  Clausius 
defended  and  gradually  elucidated 
the  somewhat  obscure  statement 
which  he  gave  of  the  so  -  called 
second  law  of  thermo-dynamics  may 
be  studied  with  advantage  in  the 
2nd  edition  of  his  collected  Memoirs 
('Die  mechanische  Warmetheorie,' 
Braunschweig,  vol.  i.,  1876),  where 
his  replies  to  criticisms  of  Holtz- 


mann,  Decher,  Zeuner,  Rankine, 
Wand,  and  Tait  are  most  instruc- 
tive. A  good  account  is  also  given 
in  Baynes's  'Lessons  on  Thermo- 
dynamics,' Oxford,  1878,  p.  103 
sqq. 

^  See  Prof.  Unwin,  loc.  cit.,  p. 
79.  "  On  the  appearance  of  Isher- 
wood's  researches  in  1863,  the  dis- 
crepancy between  the  rational 
theory  and  the  results  of  experi- 
ment were  recognised  by  Rankine 
and  others.  But  the  conditions  of 
the  steam  -  cylinder  condensation 
are  so  complex  that  for  a  long  time 
the  more  theoretical  writers  prac- 
tically ignored  both  Hirn's  and 
Isherwood's  results.  Zeuner  per- 
haps had  pushed  the  rational  theory 
to  the  furthest  limit  of  detail,  and 
with  the  greatest  insight  into  prac- 
tical conditions.  But  it  was  not 
till  1881  that  he  began  to  explicitly 
admit  the  largeness  and  importance 
of  the  condensing  action  of  the 
cylinder.  Zeuner  then  was  disposed 
to  attribute  initial  condensation  to 
the  presence  of  a  permanent  and 
not  inconsiderable  mass  of  water  in 
the  clearance  space  of  the  engine. 
...  In  opening  a  discussion  with 
Hirn  in  1881,  Zeuner  wrote  that 
if  the  presence  of  water  in  the 
clearance  space  was  conceded,  the 
Alsatian     calculations     would    be 
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and  waste  (degradation)  of  energy,  have  hardly  resulted 
in  those  practical  achievements  and  improvements^  which 
in  other  departments  of  applied  science,  notably  iu 
chemistry  and  electricity,  have  followed  upon  new  dis- 
coveries, the  intluence  of  these  new  conceptions  on 
scientific  thought  and  method  themselves  has  been 
enormous.  Next  to  the  conceptions  introduced  by 
Darwin  into  the  descriptive  sciences,  no  scientific  ideas 
have  reacted  so  powerfully  on  general  thought  as  the 
ideas  of  energy.  A  new  vocabulary  had  to  be  created ; 
the  older  text-books,  even  where  they  dealt  with  known 
subjects  in  perfectly  correct  ways,  had  to  be  rewritten ; 
well-known  and  approved  theories  had  to  be  revised  and 
restated  in  correcter  terms,  and  problems  which  had 
lain  dormant  for  ages  to  be  attacked  by  newly  in- 
vented methods.     I  propose  in  the  rest  of  this  chapter 


greatly  shaken.  .  .  .  There  thus 
arose  a  rather  angry  controversy 
which  has  been  summed  up  in  the 
question,  '  Is  it  water  or  iron  ? ' 
I  do  not  know  that  this  controversy 
has  been  as  yet  completely  decided." 
See  also  Peabody,  '  Thermo- 
dynamics of  the  Steam -Engine,' 
4th  ed.,  New  York,  1900,  p.  301 
sqq. 

^  This  explains  how  it  comes 
about  that  theoretical  thermo- 
dynamics is  still  regarded  with 
suspicion,  not  to  say  aversion,  by 
many  engineers  of  the  old  school, 
whose  knowledge  is  principally 
based  upon  experience  derived  from 
the  steam-engine.  The  first  theo- 
retical treatment  of  the  steam- 
engine  by  Rankine  in  England, 
and  Zeuner  in  Germany,  exhib- 
ited such  enormous  discrepancies 
between  theory  and  practice ; 
the  simplifying  assumptions  which 
were  introduced  in  order  to  make 


the  behaviour  of  steam  iu  the 
cylinder  at  all  calculable  were  go 
far  wide  of  the  mark, —  that  a 
general  consensus  seems  to  prevail 
among  theoretical  engineers  that 
progress  depends  less  upon  an 
immediate  application  of  thermo- 
dynamic principles,  than  upon  a 
careful  analysis — guided  by  theory 
— of  elaborate  tests  upon  the 
various  types  of  engines  now  iu 
use.  Such  experiments  are  ac- 
cordingly— following  the  example 
of  Hirn — being  carried  out  in 
many  scientific  establishments  in 
this  country,  on  the  Continent 
of  Europe,  and  notably  in  the 
United  States  of  America,  and  are 
elaborately  recorded  in  many 
modern  publications.  See  Pea- 
body,  *  Thermo  -  dynamics  of  the 
Steam -Engine,'  4th  ed.,  preface, 
and  chaps,  xiii.  and  xiv,  ;  Ewing, 
*The  Steam-Engine,'  1894,  p.  31. 


to  glance  summarily  at  these  revolutions  in  the  domain 
of  scientific  thought  which  the  physical  view,  by  re- 
garding nature  as  the  playground  of  the  transformations 
of  energy,  has  brought  about.     What  I  have  just  in-        27. 

J        '11  /Y^  Revolutions 

dicated  will  suffice  to  bring  some  order  into  the  account  brought 

^  about  by 

I  propose  to  give.  There  are  four  distinct  directions  in  ^^**^^ 
which  we  have  to  look.  Firstly,  there  is  the  clearer 
definition  of  the  new  ideas  laid  down  in  the  new  vocab- 
ulary of  scientific  and  popular  language  during  the 
second  half  of  the  century.  Secondly,  there  is  the 
revision  and  recasting  of  the  whole  body  of  physical 
and  chemical  knowledge  in  the  light  of  the  new^  insight 
which  had  been  attained.  Thirdly,  there  is  the  criticism 
of  existing  theories  from  the  new  points  of  view ;  and 
lastly,  there  are  the  fresh  departures  which  these  novel 
ideas  have  suggested. 

The  first  definite  use  of  the  new  conceptions  of  power 
and  work,  and  of  a  scale  of  mechanical  value,  were  con- 
tained in  the  writings  of  Poncelet  and  Sadi  Carnot  in 
France  during  the   first  quarter  of   the  century.     The 
first  philosophical  generalisations  were  given   by  Mohr 
and  Mayer ;  the  first  mathematical  treatment  was  given 
by  Helmholtz ;  the  first  satisfactory  experimental  verifica- 
tion by  Joule,  during  the  second  quarter  of  the  century. 
The  practical  elaboration  of  the  whole  system  following 
upon  Joule's  and  Eegnault's  experiments  belongs,  through 
Thomson    and   Eankine   in   this    country,   and   through 
Clausius  in  Germany,  to  the  third  quarter  of  the  century. 
Students  in  our  age  entering  on  the  study  of  mechanical, 
physical,  chemical,  and  even  physiological  processes,  reap 
the   benefit  of  these  labours  by  at  once  grasping   the 
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underlying  unity  and  correspondence  of  all  natural  phe- 
nomena, inasmuch  as  they  all  depend  on  the  trans- 
formation of  a  quantity,  termed  energy,  which  is  in 
many  cases  measurable  in  its  best-known  form — i.e.,  as 
energy  of  motion — and,  where  this  is  not  possible,  in 
the  form  of  heat. 

Helmholtz  had  already,  in  1847,  summarily  reviewed 
the  whole  field,  beginning  with  a  restatement  of  the 
fundamental  formulae  of  dynamics  in  the  light  of  the 
new  principle,  and  ending  with  a  reference  to  the  trans- 
formation of  energy  in  living  vegetable  and  animal 
organisms.  The  key  to  his  explanations  is  to  be  found 
in  the  introduction  of  a  term  to  denote  what  becomes 
of  energy  if  it  ceases  to  exist  as  energy  of  motion  or  as 
a  velocity,  when  it  is  changed  to  energy  of  mere  position. 
To  this  end  he  introduces  the  idea  of  stress  or  tension. 
The  conception  is  already  contained  in  older  books  on 
mechanics  as  latent  force  (Carnot),-^  and  the  purely 
mathematical  treatment  of  dynamics  by  Lagrange  and 
Hamilton  had  prepared  the  ground  by  showing  how  all 
dynamical  problems  could  be  reduced  to  the  knowledge 
of  two  quantities,  the  vis  viva  and  the  force  function. 

gether  with  Monge,  one  of  the 
founders  of  modern  geometry,  of 
which  more  in  a  subsequent  chapter. 
He  introduced  the  principle  of  the 
*  Correlation  des  Figures  de  Geo- 
metric'  (Paris,  1801).  His  books 
were  translated  in  Germany,  where 
they  had  a  great  influence.  On  his 
connection  with  the  history  of  the 
conception  of  energy,  see  Bohn  in 
'Phil.  Mag.,'  iv.  300,  vol.  xxix.  ; 
also  Helm,  'Energetik,'  p.  13  ;  and 
the  Eloge  by  Arago  of  the  year 
1837. 


1  L.  N.  M.  Carnot  (1753-1823), 
usually  termed  the  great  Carnot, 
father  of  Sadi  Carnot,  member  of  the 
Directory,  War  Minister,  and  one 
of  the  most  celebrated  generals  of 
France,  has  a  name  in  science 
through  his  '  Essai  sur  les  Machines 
en  general '  (Dijon,  1784),  his  '  Prin- 
cipes  fondamentaux  de  I'Equilibre 
et  du  Mouvement'  (Paris,  1803),  as 
well  as  through  his  '  Reflexions  sur 
la  Metaphysique  du  Calcul  infi- 
nitesimal'  (Paris,  1797)  and  his 
'  Theoi-ie  des  Transversales  '  (Paris, 
1806),   by  which  he    became,   to- 
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The  exposition  of  Helmholtz,  however,  does  not  seem  to 
have  been  understood  or  accepted.     The  general  recog- 
nition of  the  relation  of  active  and  latent  forces  dates 
rather  from  Thomson's  and  Eankine's  writings  in  1851 
and   the    following   years.       Thomson    uses    the    term 
"mechanical     energy"    (later,    from     1851,    intrinsic 
energy,  or  simply  energy),  and  considers  this  quantity 
to  be  a  measure   of   the    store   of  power  to   do   work 
which    a  material    system    possesses  ;l    and    Eankine, 
early  in  1853,  introduces  and  defines  the  terms  actual 
(or   sensible)   energy    and  potential  (or  latent)  energy, 
which  are  at  once  adopted  by  Thomson  ^  in  the  place 
of  the  terms  dynamical  and  statical  energy,  which  he 


29. 
"Poten- 
tial "  and 
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1  The  memoir    of    Thomson    in 
which  he  introduces  the  physical 
conception  of  the  quantity  "energy" 
in  the  place  of  a  merely  mathema- 
tical symbol  used  by  Clausius,  and 
inaugurates     the    terminology     of 
modern    physics,    is    contained   in 
the    'Transactions    of    the    Royal 
Society   of    Edinburgh,'    vol.     xx., 
Part  3  (read   December   15,  1851, 
and  reprinted  in  '  Math,  and  Phys. 
Papers,'  vol.  i.  p.  222),  as   an  ap- 
pendix to  the  great  paper  ' '  On  the 
Dynamical  Theory   of   Heat,  with 
Numerical   Results  deduced    from 
Mr  Joule's  Equivalent  of  a  Thermal 
Unit,  and  M.  Regnault's  Observa- 
tions on   Steam"    (Trans.    Edinb. 
Soc,  March    1851  :    reprinted    in 
'Phil.    Mag.,'   1852,    and    'Math. 
and  Phys.   Papers,'  vol.  i.   p.  174 
sqq. ;  see  especially  p.  186,  note). 
The  term  energy  had  indeed  been 
used  by  Thomson  already  in  1849 
as  a  synonym  for  mechanical  effect, 
but    he    had    not    then    accepted 
the  dynamical  theory.     He  merely 
puts  the  question  in  a  footnote  to 
his  exposition  of  Carnot's  theory  : 
"When  thermal  agency   is   .    .    . 


spent,  what  becomes  of  the 
mechanical  effect  which  it  might 
produce?  Nothing  can  be  lost  in 
the  operations  of  nature— no  energy 
can  be  destroyed  "  (*  Papers,'  vol.  i. 

p.  118,  1849). 

2  In  a  paper  read  before  the 
Philosophical  Society  of  Glasgow, 
January  5,  1853,  reprinted  in 
'Miscellaneous  Scientific  Papers, 
ed.  Millar,  p.  203  sqq.  See  also 
Rankine's  note,  dated  1864,  in  the 
28th  vol.  of  the  4th  series  of  the 
'Phil.  Mag.,' p.  404. 

3  See    the    Proceedings    of    the 
Glasgow     Philos.     Soc,     January 
1853,     reprinted     with     additions 
fromNichol's  'Cyclopaedia'  (1860) 
in  *  Math,  and  Phys.  Papers,  vol. 
i.  p.  521.     In  this  paper  Thomson 
also  introduces  the  term  "  electrical 
capacity  "  of  a  conductor.     Thom- 
son   subsequently   introduced   the 
word  ' '  kinetic  "  in  place  of  "  actual 
energy.     See  also   Thomson's  Lec- 
ture before  the  Royal  Institution, 
February   29,   1856,    reprinted    m 
*  Math,  and  Phys.  Papers,'  vol.  u.  p. 
182,  and  'Popular   Lectures,    vol. 
ii.  p.  418,  especially  the  note  to  p. 
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had  employed  before.  How  little  these  ideas,  which 
have  now  been  introduced  into  elementary  text-books 
as  the  very  alphabet  of  physical  knowledge,  commended 
themselves  in  that  age,  except  to  a  few  intellects  that 
had  been  occupied  for  many  years  trying  to  fix  precise 
terms  which  should  be  capable  of  mathematical  detini- 
tion,  and  at  the  same  time  correspond  to  common-sense 
experience,  is  evident,  iiitei^  viulta  alia,  from  the  criti- 
cism by  Sir  John  Herschel  in  1866.^  Here  it  is 
maintained  that  the  use  of  the  term  "  potential  energy  " 
"  is  unfortunate,  inasmuch   as   it  goes   to   substitute  a 


425.  A  very  complete  and  careful 
historical  account  of  the  gradual 
invention  and  crystallisation  of  the 
vocabulary  of  the  energy  concep- 
tion is  given  by  Helm,  '  Die  Lehre 
von  der  Energie,'  Leipzig,  1887,  p. 
36  sqq. 

^  The  passage  quoted  appears  in 
an  article  "  On  the  Origin  of  Force," 
by  Sir  John  Herschel,  in  the  first 
volume  of  the  '  Fortnightly  Re- 
view,' 1865,  p.  439.  The  article  is 
well  worth  reading  for  those  who 
wish  to  realise  the  enormous  benefit 
which  has  been  rendered  to  science 
by  banishing  the  indefinite  use  of 
the  word  force  and  by  introducing 
the  term  energy,  restricting  the  use 
of  force  to  the  meaning  attached  to 
it  by  Newton.  Sir  John  Herschel 
still  speaks  of  the  "conservation  of 
force  "  (as  did  likewise  Helmholtz, 
who,  however,  very  early  introduces 
the  term  Arbeitskraft,  power  to  do 
work,  thus  removing  all  ambiguity). 
Rankiue  replied  to  Herschel's  criti- 
cism in  a  paper  read  before  the 
Glasgow  Philosophical  Society,  23rd 
January  1867  (reprinted  in  'Mis- 
cell.  Scient.  Papers,'  p.  229  sqq.) 
He  there  states  that  the  quantity 
itself  occurs  as  a  mathematical  sym- 
bol in  Newton's  '  Principia  '  (prop. 
39),  but  till  recently  had  received 


no  appropriate  name.  He  closes  his 
remarks  by  the  still  more  import- 
ant reflection  :  "  One  of  the  chief 
objects  of  mathematical  physics  is 
to  ascertain,  by  the  help  of  experi- 
ment and  observation,  what  phy- 
sical quantities  or  functions  are 
*  conserved.'  "  As  such  he  enum- 
erates mass,  resultant  momentum, 
resultant  angular  momentum, 
total  energy,  thermo-dynamic  func- 
tion. Whilst  this  physical  problem 
was  being  defined  by  Rankine, 
Cayley,  Sylvester,  and  Hermite 
were  working  at  the  corresponding 
problem  in  pure  mathematics  to 
decide  what  properties  or  quanti- 
ties remain  unaltered  {i.e.,  in- 
variant), if  an  arrangement  of 
several  algebraical  symbols  is  sub- 
jected to  algebraical  operations. 
It  is  the  modern  doctrine  of  'in- 
variants. "  This  doctrine  has  led  to 
an  enormous  extension  and  simpli- 
fication of  the  theory  of  mathema- 
tical forms  or  quantics.  It  is  the 
key  to  all  mathematical  tactics,  and 
prepares  a  useful  instrument  for 
the  application  of  mathematics  to 
physical  problems.  See  Major  Mac- 
Mahon's  Address  to  the  Mathema- 
tical Section  of  the  British  Associa- 
tion, Glasgow,  1891. 
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truism  for  a  great  dynamical  fact";  an  admission 
which  would  mean  that  it  brings  common-sense  and 
precise  mathematical  expression  into  close  proximity 
and  harmony,  or  describes  a  very  general  phenomenon 
completely  and  in  the  simplest  way. 

In  order  to  become  generally  recognised  as  the 
simple  alphabet  of  scientific  language,  the  new  ideas 
had  to  be  made  the  foundation  of  the  whole  structure 
of  physical  and  chemical  knowledge,  theoretical  as  well 
as  experimental ;  the  elements  and  axioms  had  to  be 
restated  so  as  at  once  to  express  the  new  view  and  to 
open  out  the  enlarged  aspect  which  had  been  prepared. 
The  different  departments  of  mechanics,  physics,  and 
chemistry  had  to  be  elaborated  and  co-ordinated  ac- 
cording to  a  uniform  design.  Helmholtz  had  indeed, 
as  early  as  1847,  roughly  sketched  the  plan  of  the 
work,  but  occupied  as  he  was  during  the  twenty  fol- 
lowing years  mainly  with  another  much-neglected  field, 
the  analysis  of  the  phenomena  of  sensation,  he  did  not 
return  to  his  original  thesis  till  many  years  later,  when 
he  made  an  application  of  fundamental  importance. 

Meanwhile  the  important  task  of  rebuilding  the  edifice 
of  the  physical  sciences,  and  establishing  on  a  large  scale 
that  which  I  term  the  physical  view  of  nature,  fell 
almost  exclusively  into  the  hands  of  what  we  may  call 
the  Scotch  school  of  natural  philosophy— James  and  ^^  |o.^^ 
William  Thomson,  Macquorn  Eankine,  James  Clerk  «c^ooi- 
Maxwell,  P.  G.  Tait,  and  Balfour  Stewart,  in  this  country  ; 
whilst  Clausius  abroad  worked  almost  alone.  Eankine 
and  James  Thomson  very  early  (1855)  conceived  the 
idea  of  a  general  science  called  "  Energetics  "  or  "  the 
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abstract  theory  of  physical  phenomena  in  general."  ^ 
It  is  only  in  our  day,  after  the  lapse  of  a  quarter  of 
a  century,  that  these  ideas  have  been  taken  up  by 
others,  and  that  the  plan  begins  to  be  realised.  The 
reasons  why  at  the  time  it  was  abandoned  were 
manifold. 

To  begin  with,  it  was  soon  found,  notably  by  Joule, 
Helmholtz,  and  William  Thomson,  that  the  new  prin- 
ciple of  the  conservation  of  energy,  if  applied  to  various 
other  phenomena  outside  of  the  narrower  field  of  ther- 
motics,  led  to  a  co  -  ordination  and  comprehension  of 
them  which  was  then  quite  unexpected :  opening  out 
new  aspects,  disclosing  unknown  properties,  and  sug- 
gesting innumerable  experiments.  As  instances  I  may 
refer  to  the  thermo-elastic  and  thermo-electric  pheno- 
mena of  bodies,  which  very  early  occupied  the  atten- 
tion of  the  founders  of  the  theory  of  energy.  The 
discharge  of  the  Leyden-jar,  the  generation  of  electric 
currents  in  the  voltaic  cell,  the  heat  of  electrolysis, 
the  actions  of   permanent   magnets  and  those  between 


^  In  a  paper  read  before  the 
Philosophical  Society  of  Glasgow, 
May  1855,  entitled  "Outlines  of 
the  Science  of  Energetics,"  and  re- 
printed in  '  Miscellaneous  Papers, ' 
ed.  Millar,  p.  209  sqq.  See  for  the 
above  definition  p.  228.  James 
Thomson's  contribution  is  to  be 
found  in  a  paper  on  "  Crystalliza- 
tion and  Liquefaction,"  read  before 
the  Royal  Society,  December  5, 
1861,  in  which  he  establishes  and 
gives  examples  of  the  application 
of  "a  general  physico-mechanical 
principle  or  axiom,"  which  indi- 
cates when  a  "  substance  or  system 
will  pass  into  the  changed  state." 
As  Helm  says,  it  is  a  first  attempt 


to  find  a  general  rule  for  the  trans- 
formation of  energy  ('Lehre  von 
der  Energie,'  1887,  p.  63).  That 
such  a  general  rule  can  in  the 
present  state  of  our  knowledge 
be  established  on  purely  energetic 
principles  is  upheld  by  some  (Ost- 
wald.  Helm)  and  disputed  by 
others  (see  especially  Planck, 
'Thermodynamik,'  1897,  p.  "1 
sqq.)f  who  state  their  conviction 
that  the  "energy-principle  clearly 
does  not  suffice  for  the  definition 
of  natural  processes."  The  whole 
discussion  merges  into  a  philos- 
ophical question,  of  which  more 
later  on. 


electric  currents  and   magnets,  the  phenomena  of  dia- 
magnetism,    Ampere's    theory    and    Weber's    basis    of 
electric  measurement,  Seebeck's    production  of    electric 
currents  by  heating   in  a  non-homogeneous   conductor, 
the   remarkable   phenomena    known    by    the    name    of 
Peltier,   the    electro-dynamic  properties   of    metals,   the 
thermo-elastic    properties    of    matter,   were   all    studied 
in   the   light    of    the    new    principle,   the    conservation 
and  transformation  of   energy.     Another   very   import- 
ant problem   presented  itself,  viz.,  the  introduction   of 
the  new   ideas   into   the   higher   educational   literature, 
the   re -writing   of  the  text  -  books   of  science    on   the 
basis  of    the   principle   of    energy,   and    especially    the 
development  of  the  fundamental   notions  in   mechanics 
in   conformity    with    the    more    modern    views.     Here, 
then,    it    became    evident    that    the    physical    view    of 
natural  phenomena,   according    to    which   they   are    all 
instances    of    the    transformation    of    energy,    could    be 
considered  and  expounded  as  a  further  development  of 
the  laws  of  motion  as  laid   down  in  Newton's  '  Prin- 
cipia.*     It  was  especially  the  third  law  of  motion,  in 
which  Newton   stated   the  equality   of   action  and   re- 
action,  that    lent    itself   to   such    an   interpretation    as 
would   at    once  lead    to    the   wider  grasp    and    deeper 
insight   into  natural  processes   which   the  principle   of 
energy    afforded.     Accordingly    about    the    year    1860, 
when  the   new  ideas  on  energy  had,   in  the   minds  of 
the   great    pioneers,    acquired    that    importance    which 
has    enabled    them    to    become    the    basis    of    a    more 
and  more  comprehensive  view — the  physical   view — of 
natural    phenomena,   the    necessity  was   experienced  of 
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31. 
Thomsoa 
and  Tait. 


bringing  them  into  harmony  and  continuity  with  the 
older  Newtonian  ideas.  These  had  been  only  imper- 
fectly transmitted  by  the  many  commentaries  and  text- 
books of  the  Cambridge  school.  The  same  was  the 
case  in  the  system  of  Lagrange,  in  which  the  whole 
of  mechanics  had  been  reduced  to  a  mathematical  ex- 
pression, tlie  physical  and  experimental  foundations 
being  pushed  aside.  The  '  Principia '  of  Newton  was 
again  studied,  and  re-edited  in  the  unabridged  form, 
and  an  interpretation  and  amplification  of  the  third 
law  of  Motion — so  as  to  embrace  the  principle  of 
energy — was  made  the  key  to  the  science  of  dyn- 
amics. Dynamics  was  not  taught  after  but  before 
statics.  Statics  was  treated  as  a  special  case  of  the 
theory  of  motion.  To  make  the  new  position  still 
more  marked,  it  was  proposed  to  make  the  term 
dynamics  the  general  term  which  embraces  kinetics 
and  statics  as  subdivisions,  and  to  reserve  the  word 
"  mechanics  "  for  the  science  of  machines.  The  change 
which  then  took  place  in  the  didactic  methods  can 
be  seen  by  comparing  the  first  and  second  editions  of 
the  well-known  treatise  by  Tait  and  Steele  on  '  The 
Dynamics  of  a  Particle.'  The  real  compendium  of  the 
new  doctrine  is  the  treatise  on  Natural  Philosophy  by 
Thomson  and  Tait,  which  has  probably  done  more  than 
any  other  book  in  this  country  to  lead  the  mathe- 
matical studies  at  the  foremost  universities  and  colleges 
into  paths  more  useful  for  physical  and  experimental 
research.  The  greatest  exponent  of  the  new  ideas  was 
James  Clerk  Maxwell,  to  whom  is  also  due  the  merit 
of  having  applied  them  for  the  purpose  of  testing  and 


confirming  the  worth  of  the  treasure  which  lay  hidden 
in  the  experimental  researches  of  Faraday.  Next  to  the 
handbook  of  Thomson  and  Tait,  no  writings  probably 
have  done  more — especially  outside  of  England,  on  the 
Continent  and  in  America — than  those  of  Maxwell  to 
revolutionise  the  teaching  of  natural  philosophy. 

I  must  now  revert  to  what  I  said  in  the  last  chap- 
ter regarding   Maxwell's   attempt   to   put   the   ideas   of  ^^^^^32. 
Faraday  on  the  communication  of  electric  and  magnetic  Maxweii. 
phenomena  through  space  into  mathematical  language — 
i.e.,  into  measurable  terms.     I  there  related  how  Max- 
well's earliest  treatment  of  the  subject  was  an  attempt 
to  construct  a  mechanical  model  of  the  dielectric  that 
would  be  capable  of  exhibiting  and  transmitting  the  pro- 
perties of   stress — i.e.,  of  tension  and  pressure — which 
the  experimental  researches  of  Faraday  had  partly  de- 
monstrated  and  partly   suggested.      In   the   sequel,  as 
was    said,   he    desisted   from    this    attempt,   which    has 
since  been  taken  up  and  further  elaborated  by  others, 
and  resorted   to   a   different   train   of   reasoning.     This 
line    had    been   suggested    by   the   introduction  of    the 
doctrine  of   energy  into  all  physical  research.     As  the 
work   of   scientific   chemists   was   for  a    long   time   ex- 
clusively governed  by  the  application  of   the   principle 
of  the  constancy  of  weight  or  conservation  of   matter, 
so,   when    once    the    mathematical    expression    of    the 
various  forms  of  energy  had  been  correctly  established, 
it  became  possible  to  arrive  at  a  multitude  of  relations 
of  physical  quantities  merely  by  applying  the  principle 
of  the  constancy  of   the   quantity  of   energy.     In  this 
way   the   principle   of    energy   is   a   kind   of  regulative 
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33. 
Faraday. 


principle,  one  which  allows  us  to  deal  with  the  grand 
total  or  outcome — mathematically  called  the  integral — 
of  physical  processes  and  changes  without  necessarily 
possessing  a  detailed  knowledge  of  the  minute  elements 
or  factors — mathematically  called  differentials — out  of 
which  they  are  compounded.  Inasmuch  as  what  we 
actually  observe  are  always  integral  effects — i.e.,  sum- 
mations or  aggregates  of  great  numbers  of  individual 
and  unobservable  processes  —  this  line  of  reasoning  is 
not  infrequently  very  useful,  and  has  been  in  many 
cases  applied  to  arrive  at  important  conclusions.  In 
fact,  it  is  the  analogue  in  science  of  the  method  accord- 
ing to  which  practical  men  very  often  succeed  in  carrying 
on  extensive  business  transactions,  of  which  they  possess 
a  merely  external  though  accurate  knowledge ;  or  of  the 
balance-sheet  of  an  industrial  undertaking  which  exhibits 
and  guarantees  the  correct  result,  though  only  the  profit 
and  loss  account  and  the  ledgers  would  show  how  tins 
result  has  been  arrived  at. 

Faraday  had  taught  us  how  to  look  upon  any  given 
portion  of  space  in  which  electric,  magnetic,  chemical, 
and  thermal  changes  were  going  on  as  a  connected  system, 
which  he  termed  the  electro-magnetic  field.  He  and 
others — notably  Oersted,  Ohm,  Weber,  Lenz,  and  Joule 
— had  shown  how  the  different  occurrences  in  such  a 
system  could  be  reduced  to  a  common  measure,  and  how 
they  were  observably  connected.  Maxwell  brought  all 
these  phenomena  together  under  the  term  "  energy  of 
the  electro- magnetic  field,"  and  set  himself  to  study  the 
possible  forms  and  changes  of  this  quantity  under  the 
law  of  the  conservation  of  energy — i.e.,  as  the  preser- 


vation of  the  sum-total  of  the  energy.  This  energy 
could  exist  as  motion  (actual  or  kinetic  energy),  being 
either  motion  of  electricity  as  in  the  current  controlled 
by  the  law  of  Ohm,  or  motion  of  ponderable  masses,  such 
as  magnets  or  electric  conductors;  or  it  might  be  dis- 
sipated energy — i.e.,  energy  apparently  lost  in  the  form 
of  heat — controlled  by  the  law  of  Joule,  or,  to  complete 
the  summation,  it  might  be  stored-up  energy — potential 
energy.  Faraday's  researches  had  suggested  where  this 
store  was :  it  was  in  the  surrounding  space,  which  must 
be  considered  as  capable  of  being  strained  or  put  into  a 
condition  of  stress,  as  elastic  bodies  are  capable  of  being 
strained.  Thomson  and  Tait  had  shortly  before  shown 
how  to  submit  the  properties  of  elastic  systems  to  cal- 
culation in  the  most  general  manner,  by  studying  the 
modes  in  which  energy,  actual  and  potential,  was  dis- 
tributed in  them,  whether  at  rest  or  in  motion.  The 
way  seemed  then  paved  for  Maxwell  to  consider  with  the 
greatest  generality  the  properties  of  the  electro-magnetic 
field,  reducing  them  all  to  mechanical  measures.  This  he 
did  by  introducing  the  generalised  conception  of  a  dis- 
placement or  strain  which  exists  in  the  field,  and  which 
is  communicated  as  a  periodic  or  vibratory  motion  with 
a  velocity  dependent  on  the  properties  or  so-called  con- 
stants of  the  medium.  It  is  known  how  he  succeeded  in 
identifying  very  completely  all  the  various  experimentally 
ascertained  electric  and  magnetic  phenomena,  fixing  their 
nature  and  quantities  in  conformity  with  experience, 
and  arriving  finally  at  the  suggestion  that  the  velocity  of 
the  transmission  of  the  electro -magnetic  displacement  in 
air  must  be  the  same  as  that  of  light,  the  latter  being. 


148 


SCIENTIFIC   THOUGHT. 


ON    THE    PHYSICAL   VIEW    OF    NATURE. 


149 


in  fact,  an  electro-magnetic  disturbance  of  very  short 
wave  length.  I  also  mentioned  above  how  this  sug- 
gestion received  a  brilliant  confirmation  from  Hertz  when 
he  succeeded  in  exhibiting  electro-magnetic  waves,  which 
in  travelling  through  space,  though  not  luminous,  showed 
all  the  properties  peculiar  to  light  waves,  such  as  re- 
flexion, refraction,  polarisation,  &c. 

Whilst  in  this  country,  during  the  period  from  1850 
to  1870,  the  Scotch  school  of  natural  philosophy  was 
thus  occupied  in  rebuilding  the  whole  edifice  of  physical 
science  on  the  new  basis  aftbrded  by  the  energy  ideas, 
Clausius  in  Germany  worked  at  the  further  elaboration 
of  the  dynamical  theory  of  heat,  and,  as  I  stated  above, 
at  the  kinetic  theory  of  gases,  without  abandoning  the 
astronomical  view  of  natural  phenomena,  which,  with  its 
supposition  of  forces  acting  at  a  distance,  still  almost 
exclusively  governed  theoretical  physics  and  chemistry 
abroad.  Xo  one  did  more  to  emphasise  the  difference 
between  this  and  Faraday's  views  than  Clerk  Maxwell, 
who  had  welded  the  latter  into  a  consistent  scheme  by 
means  of  the  conception  of  energy.  About  the  year 
1870  Helmholtz  again  appeared  as  a  leader  of  scien- 
tific thought  in  this  domain,  and  placed  himself  at 
the  head  of  a  movement  which  by  degrees  almost 
completely  swept  away  the  older  ideas.  It  was  by  him 
or  at  his  suggestion  that  many  of  the  more  modern 
English  works  of    science  were  translated  ^  and  intro- 


^  Notably  Thomson  and  Tait's 
'  Natural  Philosophy,'  and  several 
of  Tyndall's  well  -  known  more 
popular  works  on  '  Sound,'  *  Heat,* 
and '  Fragments  of  Science. '  Helm- 
holtz   was    also   one   of    the    first 


natural  philosophers  of  eminent 
rank  abroad  who  broke  with  the 
older  habit  of  exclusiveness  which 
clung  to  academic  teachers  in  Ger- 
many, and  who  followed  the  English 
example  set  by  the  "  Addresses  "  of 


duced  in  Germany,  and  that  especially  the  ideas  of 
Faraday  and  Maxwell  were  popularised,  expounded,  and 
submitted  to  elaborate  tests.  These  culminated  in  the 
brilliant  discoveries  of  Hertz  already  referred  to. 

As  in  his  earlier  researches  into  the  connection  of  the 
phenomena  of    heat  and   mechanical  work,  so  in  these 
later  ones  concerning  the  electro-dynamic  laws.  Helm-  ^^^^^-^^^^ 
holtz  seems  to  have  approached  his  subject  primarily  in  jy^f^^^f^^;' 
the  interest   of   physiological^  science.      At   that  time 


the  British  Association  and  the  still 
older  "Lectures"  of  the  Royal 
Institution.  Before  his  time  there 
were  only  rare  instances — notably 
those  of  Bessel,  Liebig,  and  Hum- 
boldt— where  scientific  thinkers  of 
the  first  rank  condescended  to  influ- 
ence general  opinion  and  polite 
literature  by  stepping  down  from 
the  university  chair  into  the  arena 
of  a  popular  audience.  No  other 
German  scientific  thinker  has  left 
a  collection  equal  to  Helmholtz's 
'Vortriige  und  Reden,'  not  even 
Bessel,  whose  '  Populiire  Vorlesun- 
gen  fiber  wissenschaftliche  Gegen- 
Btiinde '  (ed.  Schumacher,  Hamburg, 
1848)  are  too  little  known.  Du 
Bois-Reymond's  '  Reden '  are  a  mine 
of  information  on  the  history  of 
science,  and  von  Baer's  *  Reden ' 
(Braunschweig,  1886)  contain  some 
excellent  and  original  discourses. 

^  Emil  du  Bois  -  Reymond,  in 
many  passages  of  his  remarkable 
addresses,  and  latterly  in  his  ap- 
preciative Eloge  of  Helmholtz 
(Leipzig,  1897),  has  preserved  the 
historical  data  for  a  genetic  history 
of  Helmholtz's  electrical  researches, 
which,  beginning  in  1851,  and  cul- 
minating in  Hertz's  brilliant  ex- 
periments on  the  *'rays  of  electric 
energy  "  in  1888,  completely 
changed  the  aspect  of  electrical 
science  in  Germany  and  to  a  less 
degree  in  France.     The  older  view, 


based  upon  a  mathematical  develop- 
ment of  the  fundamental  concep- 
tion of  Ampere  and  mainly  asso- 
ciated with  the  brilliant  name  of 
Wilhelm  Weber,  whose  very  ex- 
tensive and  accurate  measure- 
ments largely  supplied  the  material 
for  the  modern  theory,  is  prac- 
tically unknown  to  electricians  in 
this  country.  No  English  text-book 
contains  even  a  reference  to  a  view 
which  was  once  dominant  abroad, 
and  which  for  this  reason  forms 
a  very  interesting  episode  in  the 
history  of  thought.  In  the  fourth 
chapter  I  have  referred  to  this 
view  as,  beside  the  theory  of  Bos- 
covich,  presenting  one  of  the  most 
remarkable  applications  of  the  as- 
tronomical view  of  nature,  which 
originated  in  this  country  but  was 
mainly  cultivated  by  the  French 
school.  I  must  now  briefly  refer 
to  the  counter-movement,  which 
in  Germany  is  mainly  identified 
with  the  name  of  Helmholtz.  He 
may  be  said  to  have  left  the  mark 
of  his  genius  on  the  scientific 
history  of  his  country  as  Lord 
Kelvin  has  done  on  that  of  Eng- 
land. His  collected  papers  show  us 
— and  du  Bois-Reymond  tells  us — 
how  Helmholtz's  interest  in  elect- 
rical problems  was  connected  with 
the  remarkable  phenomena  of  ani- 
mal electricity,  to  the  exploration 
of  which  the  former    devoted   his 


150 


SCIENTIFIC   THOUGHT. 


there  existed  three  different  theories  which  aimed  at 
finding  a  general  formula  or  law  that  should  embrace 
all  known  electro-dynamic  phenomena.  The  two  earlier 
ones  were  propounded  independently  and  about  the  same 


life.    Du  Bois-Reymond  was  a  pupil 
of  Johannes  Miiller.      One  of  the 
merits   of   Miiller's  school   was  to 
have  made  the  discoveries  of  phy- 
sics useful  for  physiology  and  medi- 
cine as  the  school  of  Liebig  made 
those    of    chemistry.       Helmholtz 
was  trained  in  the  school  of  Miiller, 
but    he    also   came    largely    under 
the  influence   of    Franz   ^'eumann 
of  Konigsberg,  the  great  teacher  of 
mathematical  physics,  and  of  Gauss 
and  Weber,  the  originators  in  Ger- 
many  of   the  system   of   absolute 
measurements.      It  is  known  that 
the  interest  in  electrical  phenomena 
received  a  great  impetus  through 
Galvani's  and   Volta's  discoveries. 
But  as  du  Boia-Reymond  ('Reden,' 
vol.  ii.  p.  389)  tells  us,  the  galvanic 
pile  constructed  by  Volta  withdrew 
attention  from  the  phenomena  of 
animal     electricity    to    the    much 
more  powerful  actions  of  artificial 
arrangements  of  metals  and  solu- 
tions.   The  study  of  animal  electric- 
ity was  for  a  time  continued  only  by 
Italian  professors,  and  beyond  the 
seas  by  Alexander  von  Humboldt 
in  his  observations  on  the  torpedo  ; 
and    had    to   wait   till    the   school 
of   Miiller,   and   notably    du   Bois- 
Reymond,  approached  the  subject 
methodically    with     the     methods 
and  ideas  of  modem  science.     This 
was    in    the   fifth   decade    of    the 
century.     Modem  science  in  Ger- 
many  had,    however,    studied    the 
properties  of  the  galvanic  current 
exhaustively    only    in    linear   (one 
dimensional)  and  in  closed  circuits 
or  conductors.     The  phenomena  of 
nervous  and  muscular  electric  cur- 
rents demanded  the  study  of  sud- 
den and  repeated  electrical  impulses, 
and  of  the  behaviour  of  currents 


in  two  and  three  dimensional  con- 
ductors, and  in  unclosed  conductors 
or  circuits.  Incited  by  du  Bois- 
Reymond,  Helmholtz  undertook  to 
deduce  from  the  formula  of 
Ampere,  Neumann,  and  Weber  the 
action  of  electric  currents  in  these 
modified  conditions.  It  was  then 
found  that  these  formulae  gave 
indefinite  results  and  required  to 
be  modified  or  amplified.  After 
many  years  of  thought  and  research 
Helmholtz  arrived  at  a  generalisa- 
tion which  comprehended  all  the 
different  existing  theories  as  special 
cases.  He  then — in  addition  to  a 
masterly  mathematical  discussion 
— betook  himself  to  devise  s^pe- 
cial  experiments  to  decide  which 
of  the  three  possible  expressions  of 
the  general  formula  came  nearest 
the  truth.  A  perusal  of  the  me- 
moirs contained  in  the  first  volume 
of  his  '  Wissenschaf tliche  Abhand- 
lungen  '  (pp.  429  -  820)  shows  how 
by  gradual  and  strictly  logical  steps 
he  convinced  himself  of  the  in- 
trinsic correctness  of  Faraday's  con- 
ception, which,  in  addition  to  the 
phenomena  in  linear  conductors  or 
wires,  constantly  took  notice  also  of 
those  of  the  surrounding  medium 
or  space  —  i.e.,  of  the  electro- 
magnetic field.  Looking  back  from 
our  present  position  on  the  develop- 
ment of  the  ideas  concerning  elec- 
tricity in  motion,  we  can  say  that 
Continental  thinkers  tried  to  gain 
a  correcter  and  more  complete  un- 
derstanding by  a  mathematical, 
English  science  by  a  physical,  ex- 
tension of  the  then  existing  notions. 
Helmholtz  in  his  Faraday  Lecture 
(1881)  showed  how  both  courses, 
consistently  pursued,  lead  to  the 
same  result. 
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time  by  Franz  Neumann  and  Wilhelm  Weber ;  the  later 
one  was  the  theory  of  Maxwell  based  upon  the  totally 
different    view    which    was    maintained    and    gradually 
unfolded    in   the   experimental    researches   of    Faraday. 
The  two  former  looked  to  the  effects  of  the  action  of 
electricity  at  measurable  distances,  and  has  been  called 
the  telescopic   view;    the   latter   reduced   these   to   the 
action  which  takes  place  in  contiguous  portions  of  matter 
or  of  space,  and  has  been  called  the  microscopic  view, 
Helmholtz  first  of  all,  by  an  independent  line  of  reason- 
ing, brought  the  three  mathematical  formulae  in  which 
these  different  views  found  expression  under  one  com- 
mon formula,  of  which  each  appears  as  a  special  case, 
and  then  proceeded  by  theory  and  experiment  to  decide 
which  of  the  three  possible  special  forms  is  to  be  adopted. 
As  a  theoretical   test  he  applied  the  principle  of   the 
conservation   of   energy  in  a  manner  in  which   it    had 
at  that  time  hardly  been  used  by  Continental  thinkers. 
His  reasoning,  which  was   largely  discussed   and  criti- 
cised by  eminent   philosophers,  gave   to   this   principle 
the    prominence    and    importance    which    it    has    ever 
since    maintained    in    aU    Continental     treatises.       It 
meant  the  introduction  of  the  physical  view  of  natural 
phenomena.^ 


^  In  England  the  publication  of 
Thomson  and  Tait's  '  Natural  Phil- 
osophy' formed,  as  stated  above 
(p.  144),  an  epoch  in  the  teaching 
of  the  physical  sciences,  notably 
through  the  prominence  given  to 
the  principle  of  the  conservation 
of  energy.  A  similar  epoch  was 
created  in  Germany,  not  so  much 
by  Helmholtz's  enunciation  of  the 
principle  in  1847  as  by  the  use  he 


made  of  it,  in  one  remarkable  in- 
stance, in  reviewing  and  criticising 
the  existing  and  apparently  conflict- 
ing theories.  As  Lavoisier  intro- 
duced the  chemical  balance— based 
upon  the  conservation  of  matter — 
as  a  test  for  the  correctness  of  chem- 
ical statements,  so  Helmholtz  used 
the  principle  of  the  conservation  of 
energy  in  two  distinct  forms,  as  a 
test   of    the   validity   of   electrical 
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In  the  mean  time  this  view  had  gained  great  support 
by  the  efforts  of  quite  a  different  section  of  scientific 
workers,  whose  labours  had  opened  out  a  new  and 
promising  field  of  research.  The  new  field  for  a  con- 
siderable period  belonged  almost  as  exclusively  to  foreign 
science  as  the  energy-conception  had  for  twenty  years 
belonged  to  this  country.  Early  and  for  the  most 
part  isolated  labourers  were  Kopp  and  Hess  in  Germany, 
Eegnault  and  Berthelot  in  France,  Julius  Thomsen  in 
Copenhagen.^     They  (with  many  younger  men)  can  be 


35. 
Ostwald's 


statements.     These  two  forms  were 
the    impossibility   of    a    perpetual 
motion  and  the  equality  of  action 
and    reaction.       See    his    Faraday 
Lecture,  1881.     Both  in  the  posi- 
tions of  Thomson  and  Tait  and  of 
Helmholtz  the  principle  of  energy 
is,   however,  like   Lavoisier's   prin- 
ciple,  purely  a   regulative,   not    a 
constructive,  principle  of  scientific 
research.     It  exerts  a  control  and 
enables  us  to  check  the  correctness 
of  results.     Both  in  chemistry  and 
physics  other  principles  or  methods 
are   required    for  extending  —  not 
merely  correcting— our  knowledge. 
Such  principles  are  in  the  abstract 
sciences  the  formula  of  gravitation, 
the  atomic  theory,  the  ether ;  in  the 
natural  sciences  the  morphological 
and  genetic  theories.      The  whole 
domain  of   physics  and   chemistry 
has  been  reviewed  for  teaching  pur- 
poses from  this  point  of  view  by 
Hans  Januschke,  '  Das  Princip  der 
Erhaltung   der    Energie,'   Leipzig, 
1897.     See  p.  14  sqq. 

^  Although  the  history  of  thought 
has  more  to  do  with  theories  than 
with  the  mere  discovery  of  facts, 
and  with  the  latter  mainly  when, 
as  in  exceptional  instances,  they 
change  the  scientific  aspect  of  phe- 
nomena, I  think  it  important  to 
mention  specially  the  great   merit 


of  Victor  Regnault's  experimental 
researches.    How  much  the  progress 
of  physical  and  chemical  theory  is 
indebted  to  his  elaborate  and  ex- 
tremely accurate  measurements  of 
many   physical    constants   may  be 
seen  by  the  perusal  of  Lord  Kel- 
vin's early  memoirs  on  the  dynami- 
cal   theory  of    heat.      The   several 
(so-called)  laws  of  Boyle,  Dulong, 
and  others  were  subjected  by  Reg- 
nault  to  exhaustive  tests  ;  the  be- 
haviour  of    steam   in   the    steam- 
engine      formed      a      subject      of 
elaborate  investigation  ;    the  proof 
that  chlorine  could  be  substituted 
for  hydrogen  in  hydrocarbons  sup- 
plied a  prominent  support  to  the 
chemical  theories  of    Laurent.     In 
general  Regnault's  work  is  a  model 
of  accuracy  supported  by  great  in- 
genuity   in     the     construction    of 
apparatus    and     the    surmounting 
of  difficulties.     Like  liiebig,  he  was 
the  master  of  many  pupils  who  sub- 
sequently became  eminent.    Besides 
being   professor   of   chemistry  and 
physics     in     Paris,    Regnault    was 
actively  connected   with   the  cele- 
brated  porcelain  works  of  Sevres. 
Similar   remarks   might    be    made 
with    reference   to   the   labours  of 
Hermann  Kopp,  who  was  for  many 
years  probably  the  only  professor 
of  physical  chemistry  in  Germany. 


considered  as  the  founders  of  the  modern  science  of 
physical  chemistry,  which  has  received  an  elaborate  ex- 
position in  the  great  work  of  Professor  Ostwald.  This  ^J^Sry 
work  is  probably  quite  as  epoch-making  in  the  domain 
of  chemistry  as  Thomson  and  Tait's  *  Natural  Philosophy  ' 
has  been  in  that  of  physics. 

I  have  already  explained  how  in  the  development  of 
chemistry  the  attention  of  its  great  representatives  was 
almost  entirely  absorbed  in  gaining  a  knowledge  of  the 
different  substances  with  which  they  had  to  deal,  and 
how  through  preoccupation  with  the  natural  history  of 
matter,  its  decomposition,  analysis  and  synthesis,  and 
appropriate  classification,  the  other  more  scientific  ques- 
tions regarding  the  physical  agencies  wliich  were  at 
work  in  chemical  processes — constituting  the  doctrine 
of  chemical  affinity — were  almost  completely  neglected. 
This  I  traced  largely  to  the  influence  of  that  powerful 
instrument  of  exact  research,  the  atomic  view,  which 
had  been  introduced  into  chemical  science  through 
Lavoisier  and   Dalton.^     The  pursuit  of  physical  chem- 


;i 


^  It  is  not  an  unusual  experience 
to  find  that  the  change  from  one 
theory  to  another,  though  an  ad- 
vance from  disproved  to  more  cor- 
rect views,  is  also  accompanied  by 
some  loss  either  in  definiteness  or 
in  actual  knowledge  of  facts.  The 
undulatory  theory  lost  the  definite 
notion  of  a  rectilinear  ray  of  light, 
which  was  only  regained  by  pro- 
longed and  difficult  analysis  ;  the 
electro-magnetic  theory  of  Maxwell 
has  not  as  yet  given  a  clear  repre- 
sentation of  those  electrical  charges 
which  the  older  theory  of  Coulomb 
and  Weber  introduced  in  the  form 
of  stationary  or  moving  electrical 
masses.     Something    similar    hap- 


pened when  the  older  phlogiston 
theory  was  dispelled  by  the  atomic 
theoiy,  and  all  attention  was  con- 
centrated upon  change  of  weight. 
The  older  theory  maintained  that 
when  a  metal  is  calcined  it  loses 
something  —  viz.,  phlogiston;  the 
new  theory  had  proved  that  it  gains 
something — i.e.,  weight  in  the  form 
of  combined  oxygen.  More  recent 
knowledge  has  shown  that  both 
theories  are  right.  It  gains  weight 
and  loses  potential  energy,  or  power 
to  do  work — i.e.,  to  combine,  giv- 
ing rise  to  molecular  motion  or 
heat.  The  phlogiston  theory  con- 
tained the  correct  idea  that  besides 
matter  there  is  something  else — 
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istry,  the  consideration  of  chemical  as  related  to  other 
physical  forces,  such  as  gravitation,  heat,  or  electricity, 
though  it  very  greatly  occupied  the  pioneers  of  chemical 
science  in  the   early    years    of    the    century, —  notably 
Berthollet  and  Gay-Lussac  in  France,  Dalton  and  Davy 
in  England,  Berzelius  in   Sweden, — fell   gradually  into 
popular    disfavour,    so    much    so    that    even   Faraday's 
electrolytic    law    had    hardly  any  influence  on  the  de- 
velopment of  chemistry.-^    This    one-sided    direction    of 
chemical    reasoning    and    observation    was   still  further 
promoted  by   the  great   practical   and  technical  results 
which  followed   from   the  atomic    conception,   the  ease 
with    which    processes    worked    out    in    the    laboratory 
could  be  imitated  on  a  large  scale  in  the  factory  and 
the  workshop.    It  was  the  increased  power  over  matter 
and    its    manifold    transformations  which    followed  im- 
mediately   in    the    wake    of    atomic    chemistry    that 
gave  it  its  interest,   notably  when    through    the  study 
of  the  carbon  compounds  —  incorrectly  termed  organic 
chemistry — new  industries  of   undreamt-of  magnitude 
and  importance  were  created,  and  when  through  chemical 
knowledge  the  older  methods  of  metallurgy  were  rapidly 
superseded.    To  the  popular  mind  the  result  is  always 
more   interesting    than    the    process   of    research  or  of 
reasoning  which  leads  up  to  it;  the  possession  of  the 
product  than   the    knowledge    of    the    procedure.     The 


viz.,  energy.  That  the  correct  idea 
contained  in  the  phlogistic  concep- 
tion was  not  at  once  given  up,  but 
only  gradually  lost  sight  of,  is  seen 
from  the  fact  that  Lavoisier's  first 
table  of  elements  contained  'caloric  ' 
as  one  of   the  simple  bodies.     See 


Kopp,  '  Entwickelung  der  Chemie,' 
p.  209. 

^  On  the  causes  of  this  see  Helm- 
holtz's  Faraday  Lecture  ( *  Wissen- 
schaftliche  Abhandlungen,' vol.  iii.) 
and  Ostwald,  '  Allgemeine  Chemie,* 
2nd  ed.,  vol.  ii.  part  1,  p.  530. 


36. 
The  fector 


new  substance  with  startling  properties — be  they  useful 
or  only  curious  and  rare  —  has  almost  immediately  a 
value,  whereas  the  manifold  transformations  by  which 
it  was  discovered,  invented,  or  produced  escape  general 
notice,  and  are  accordingly  of  secondary  interest.  This 
interest  grows  in  proportion  as  another  factor  of  equal 
commercial  importance  gradually  and  slowly  asserts 
itself,  namely,  the  factor  of  cost  of  production,  the 
property   through    which   not   only  the   material   itself,  p^^iosP 

^  *^  "^  '  m  industry 

but  also  the  labour  bestowed  upon  it,  and  the  most 
intricate  transmutations  and  secret  manipulations,  gain 
a  place  and  definite  figure  in  the  ledger  of  the 
accountant.  Those  of  us  who  entered  into  practical 
life  about  the  beginning  of  the  last  generation  of  the 
century  know  well  by  experience  how  then  for  the  first 
time  was  being  established  the  great  system  of  statistics, 
of  cost  of  production,  which  now  governs  every  well- 
conducted  industry  and  manufactory,  though  in  general 
this  department  is  still  but  little  understood.  Now,  in 
proportion,  as  with  progressing  civilisation  we  come  more 
and  more  to  use  artificially  prepared  products  in  the 
place  of  natural  ones,  the  cost- figures  become  more  com- 
plex :  there  is  not  only  the  raw  material  and  the  labour 
of  getting  it,  not  only  the  general  economy  of  arrange- 
ment and  administration  by  which  we  save  labour  and 
avoid  waste — there  is  the  whole  aggregate  of  changes 
and  processes,  manual,  mechanical,  and  chemical,  through 
which  the  raw  material  has  to  pass.  These  must  all 
have  a  common  measure  by  which  they  possess  a  figure 
of  value  in  the  ledger  of  the  book-keeper,  otherwise 
the  latter  could  not  produce  a  statement  of  cost.     Watt, 
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when  supplanting  manual  labour  on  a  large  scale  by  the 
introduction  of  his  perfected  steam-engine,  had  suggested 
the  term  "  horse-power  "  as  the  common  measure  of  both ; 
and  the  French  mathematicians,  who  treated  mechanics 
with  a  view  to  practical  application,  had  introduced  the 
term  "  work."  In  the  general  industries,  however, — 
outside  of  special  branches,  notably  marine  engineering, — 
these  measures  were  very  crudely  applied ;  they  became 
unintelligible  and  meaningless  where  other  agencies — 
notably  those  of  chemistry  and  electricity — had  to  be 
employed.  It  is  only  since  the  terms  "  power "  and 
"  work  "  have  been  enlarged  and  the  more  general  con- 
ception of  energy  introduced  that  it  has  become  possible 
to  measure  the  new  forces  or  agencies  in  terms  applic- 
able to  all  alike.  Practically  as  well  as  theoretically 
the  system  of  measurement  remained  imperfect  so  long 
as  the  energy  of  chemical  combination  could  not  be 
measured  in  the  same  way  as  Watt  measured  the 
energy  of  heat,  and  as  Joule  and  others  taught  us 
how  to  measure  the  energy  of  an  electric  current.  The 
term  "  energy  "  has  thus  become  as  important  a  con- 
ception for  practical  as  it  has  been  long  recognised  to 
be  for  purely  scientific  purposes.  If  the  only  power 
we  use  is  manual  labour  or  steam  power,  there  exists 
a  crude  way  of  measuring  both  by  the  hands  employed 
and  the  weight  of  coal  burnt ;  but  electrical  power  is 
not  so  exclusively  dependent  on  a  personal  or  material 
item,  and  thus  it  can  only  be  measured  by  a  system  in 
which  the  several  items  of  cost  are  reduced  to  a  common 
term.  It  is  through  the  wholesale  introduction  of  the 
electric  current  as  a  practical  agent  that  the  thing  called 


"  energy  "  has  become  a  commercial  commodity  as  it  had 
before  become  a  scientific  measure. 

That  chemical  reactions  are  connected  with  mechanical, 
gravitational,  optical,  caloric,  and  electric  phenomena 
has  been  known  for  a  long  time.  Each  of  these  mani- 
festations has  therefore  been  studied  as  affording  a 
measure  of  the  energy  of  chemical  reactions,  and  these 
have  in  turn  been  looked  upon  as  results  of  attrac- 
tions, or  of  mass  actions,  or  of  thermal  conditions, 
or  of  electrical  polarities.  We  have  thus  mechanical, 
thermo  -  chemical,  electro  -  chemical  theories  of  affinity. 
Valuable  discoveries  and  important  suggestions  have 
also  been  arrived  at  by  these  special  researches :  we 
have  the  laws  of  mass -action  suggested  by  Berthollet 
and  revived  in  modern  times  by  Guldberg  and  Waage ; 
the  all-important  electrolytic  law  of  Faraday  and  the 
so-called   third   law  of   Berthelot  in  thermo-chemistry ;       s7. 

Berth  elot 

further,  the  important  researches  of  Kopp  and  Hess,  and  ost- 
JS'one  of  these  discoveries,  however,  seemed  really  to 
grasp  the  whole  subject  of  chemical  reaction,  and  ac- 
cordingly they  remained  for  a  long  time  unknown,  or 
fell,  after  a  short  life,  into  oblivion  and  disrepute.  It 
has  been  one  of  the  greatest  performances  of  the  last 
twenty  years  of  the  century  to  have  approached  the 
all-important  question,  "  What  is  chemical  affinity,  and 
how  is  it  to  be  measured  ? "  in  a  comprehensive  spirit, 
and  to  have  brought  it  to  the  verge  of  solution.  The 
merit  of  having  done  this  belongs  the  more  incon- 
testably    to   Prof.   Wilhelm    Ostwald,^    because    no    one 


^  Prof.  Ostwald's  principal  work 
is  the  '  Lehrbuch  der  allgemeinen 


Chemie,'  of  which  the  first  edition 
appeared  in  two  volumes  (Leipzig, 


■  m* 
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has  taken  such  pains  as  he  to  gauge  the  value  of 
many  single  and  isolated  steps  that  had  been  taken 
before  him,  and  to  combine  them  all  through  his  own 
researches  into  a  comprehensive  doctrine.  The  practi- 
cal importance  of  these  labours — so  long  insufficiently 
understood — will  doubtless  in  the  near  future  be  real- 
ised in  proportion  as  the  increasing  competition  of  in- 
dustry shall  emphasise  the  necessity  of  studying  the 
economics  of  production :  this  economy  consisting  not  only 
in  the  absence  of  waste  of  matter,  but  likewise  in  the 
saving  of  work — i.e,,  in  the  absence  of  waste  of  energy.^ 


1885-87) ;    the    second   edition,   of 
which   the   first  volume    appeared 
in  1891,  is   in   progress,    and   will 
comprise    three    volumes.      It     is 
divided  into  three  parts  :  Stochio- 
metine,  Chemische  Energies  and  Ver- 
wandtschaftslehre.  Nothing  can  give 
a    better    idea    of    the    enormous 
development    of    chemical    science 
in  the   nineteenth  century  than  a 
glance  at  those  two  monuments  of 
learning  and    research,    Beilstein's 
*  Organische     Chemie  '      (Leipzig, 
1893-1900,   5   vols.,    3rd   ed.)  and 
Ostwald's      *  Allgemeine    Chemie. ' 
They    form    the   basis  for   future 
development,      as      did      Leopold 
Gmelin's  '  Handbuch  der  Chemie' 
for  the  greater   part  of  the   past 
century.      The     first     edition     of 
Gmelin   appeared    in    1817.       See 
Kopp's  •  Geschichte   der    Chemie ' 
(vol.  ii.  p.  100).     Since  the  publi- 
cation of  his  great  text-book.  Prof. 
Ostwald    has   done  enormous   ser- 
vice to  science  by  the  foundation 
jointly  with  Prof,  van't  Hoff  of  the 
'  Journal  fiir  physicalische  Chemie,' 
in  1889,  and  still  more  by  the  open- 
ing of  the  first  laboratory  specially 
designed  for  physical  chemistry,  in 
Leipzig,  in   the   year    1887.      But 
perhaps    the     most     original    and 
suggestive    work    o      Ostwald     is 


his  work  on  the  scientific  founda- 
tions of  Analytical  Chemistry 
(Leipzig,  3rd  ed.,  1901.  Transl. 
by  G.  M'Gowan). 

^  How  recent  is  the  systematic 
treatment  and  general  recognition 
of  physical,  theoretical,  or  general 
chemistry   can   be   seen    from   the 
historical  sketches  which  had  been 
published  prior  to  Ostwald's  great 
work.     Kopp,  in  his  excellent  ac- 
count of  the  development  of  chem- 
istry, published  in  the  Munich  col- 
lection, and  frequently  referred  to 
in  the   fifth  chapter   of  this  work 
(vol.  i.  pp.  382,  &c.),  has  hardly  any 
occasion  to  refer  to  physical  chem- 
istry up  to  the  year  1870.     This 
is  the  more  remarkable,  as  Kopp 
himself    was   a  solitary    ingenious 
worker   in   this   isolated   province. 
A  good    account    of    his    labours 
is  contained    in  Thorpe's   *  Essays 
in     Historical     Chemistry,'    1894, 
p.     299.      A    later    and    brilliant 
writer    on    the    historical    growth 
of    chemical     knowledge,     Dr    A. 
Ladenburg,  in  his  '  Vortriige  iiber 
die     Entwicklungsgeschichte     der 
Chemie'  (2nd   ed.,    Braunschweig, 
1887),  condenses  all  he  has  to  say 
regarding     this     subject     into    a 
few  pages   in  his  last  lecture.     If 
German     science    is    destined    to 


The  ideas  through  which  unity  and  coherence  have 
been  introduced  into  the  many  different  trains  of  reason- 
ing which  were  bent  upon  unravelling  the  mysteries 
of  chemical  affinity  came  from  an  unexpected  quarter 
—from  the  country  which,  in  the  early  part  of  our 
century,  had  become,  through  Berzelius,  the  centre  of 
a  crreat  school  of  chemical  research.  Prof.  Ostwald, 
in  his  recent  historical  sketch  of  the  doctrines  of 
chemical  affinity,  dates  the  latest  period  from  the  year 
1886,^  when  Svante  Arrhenius  published  his  theory  ^^^^^38^^^ 
of  the  chemical  solutions  decomposed  by  the  galvanic 
current,  the  so-called  electrolytes.  That  the  reader 
may  understand  what  importance  belongs  to  this  latest 
development  of  physical  chemistry,  T  must  go  further 


distinguish  herself  in  the  wider 
sphere  of  general  or  physical 
chemistry  as  much  as  she  has 
done  in  the  past  by  the  extrenae 
and  one  -  sided  culture  of  organic 
or  structural  chemistry,  it  will  be 
largely  owing  to  the  influence  of 
the  school  of  Ostwald  and  that 
of  the  industrial  factor  mentioned 
in  the  text,  which  nowadays  em- 
phasises as  much  the  economical 
control  of  chemical  reactions  as  it 
did  formerly  the  discovery  and 
preparation  of  new  compounds. 
The  ultimate  success  in  the  in- 
dustrial preparation  of  artificial 
indigo,  which  was  theoretically 
long  known,  is  an  example  well 
worth  careful  attention. 

^  Prof.  Ostwald  had  himself 
about  the  same  time  made  an 
attempt  in  the  second  volume  of 
the  first  edition  of  his  great  work 
to  unite  the  disjecta  menibra  of 
physical  chemistry,  notably  of  the 
theory  of  affinity,  into  a  system- 
atic whole.  This  first  attempt 
may    have    contributed    quite    as 


much  as  the  special  labours  of 
others,  among  whom  he  mentions 
specially  Helmholtz,  Van't  Hoflf, 
Duhem,  Planck,  and  Arrhenius,  to 
create  an  era  in  chemistry.  It  may 
also  be  noted  that,  like  every 
other  important  step  in  chem- 
istry, this  latest  theoretical  phase 
is  characterised  by  violent  con- 
troversies. These  became  more 
pronounced  as  Prof.  Ostwald  intro- 
duced into  the  second  edition  of 
his  work  the  idea  of  "  energetics  " 
as  a  general  and  sufficient  basis  for 
the  whole  of  physics  and  chem- 
istry ;  making  a  very  emphatic 
protest  against  the  older  physical 
theories,  based  upon  attractions, 
atomism,  or  kinetics,  which  he 
stigmatises  as  mechanical.  On 
this  important  controversy  I  shall 
have  to  report  at  the  end  of 
the  present  chapter,  where  I  shall 
also  give  the  full  literature  of  the 
subject.  In  the  meantime,  see 
also  Ostwald,  '  Allgemeine  Chemie,' 
vol.  ii.  part  1,  preface,  and  part  2, 
p.  182  sqq. 
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back  in  the  history  of  the  subject  and  draw  attention 
to  the  gradual  change  which  the  nineteenth  century 
has  brought  about  in  our  ideas  regarding  the  different 
states  in  which  matter  is  supposed  to  exist,  be  it 
in  motion  or  in  rest :  the  solid,  the  liquid,  and  the 
gaseous  states. 

Kot  very  long  ago  the  impressions  of  common-sense, 
according  to  which  a  fundamental  difference  separates 
solid  from  liquid  and  liquid  from  aeriform  bodies,  per- 
meated scientific  treatises  also.  Eigid  demarcations 
were  maintained  between  hydrostatics  and  pneumatics, 
and  likewise  between  the  doctrines  of  bodies  at  rest 
and  such  as  are  in  a  state  of  perceptible  motion. 
One  of  the  most  marked  changes  which  the  century 
has  witnessed,  has  been  the  breaking  down  of  these 
older  landmarks  of  science.  The  state  of  rest — once 
supposed  actually  to  exist — has  had  to  give  way  to  a 
state  of  concealed  yet  measurable  motion,  as  in  the 
case  of  the  kinetic  theory  of  gases,  which  explains  dead 
pressure  by  the  bombardment  of  innumerable  particles 
darting  about.  The  idea  of  dynamical  equilibrium — i.e., 
the  maintenance  of  a  state  of  uniform  motion — has 
in  many  cases  taken  the  place  of  static  equilibrium  or 
rest,  as  in  the  doctrine  of  the  flow  of  heat,  the  theory 
of  exchanges  of  radiation,  and  the  conception  that  the 
rigidity  of  solids  depends  upon  a  peculiar  form  of  whirl- 
ing motion — the  vortex.  Similarly  the  intermediate  or 
transition  states  which  lie  between  the  solid  and  fluid, 
the  properties  of  viscosity  and  of  colloidal  substances, 
and  of  vapours  as  marking  the  transition  between 
liquids  and  gases,  have  attracted  more  attention  in  pro- 


portion as  experimental  science  has  taken  the  place  of 
that  purely  mathematical  treatment  which  obtained  at 
the  beginning  of  the  century,  notably  in  the  Continental 
schools,  and  which  thought  it  could  exhaust  the  infinite 
variety  of  natural  phenomena  by  a  few  easily  defined 
properties  measured   by  constants.     The  narrowness  of 
this  view  has  been  gradually  overcome  by  the  influence 
of  the  great  experimental  philosophers  in  this  country, 
and  the  independent  development  of  chemical  research 
abroad.    Beside  Faraday  must  be  especially  named  Thomas 
Graham  1  and  Thomas  Andrews,  whose  original  experi- ^^^^^^^^^ 
ments  did  so  much  to  extend  and  deepen  our  knowledge  ^^d^«"^- 
of  the  less  obvious  properties  of  matter.     Graham  car- 
ried on,  between  1825  and  1850,  extensive  experiments 
on  the  diffusion  of  liquids  and  gases,  on  absorption,  and 
on  the  phenomena  of  osmosis  or  gradual  filtering  of  sub- 
stances through  porous  partitions,  showing  how  in  liquids 
motion  and  pressure  e^ist  similar  to  that  which  is  now 


1  Thomas  Graham  (1804  -  69), 
for  many  years  professor  at  Uni- 
versity College,  London,  then 
Master  of  the  Mint,  cultivated  the 
unexplored  regions  of  physics  and 
chemistry  in  an  original  spirit  and 
yet  with  very  simple  apparatus, 
some  of  which  is  still  used  under 
his  name.  His  ingenious  labours 
attracted  the  attention  of  Liebig, 
through  whose  influence  was  brought 
about  the  translation  of  '  The  Ele- 
ments of  Chemistry'  into  Ger- 
man by  Otto.  This  work  in  its 
subsequent  enlarged  editions  has 
formed  for  sixty  years,  next  to 
Gmelin's  'Handbook,'  a  corner- 
stone of  chemical  literature  in 
Germany,  where  Graham's  name 
is  a  household  word.  The  dis- 
coveries of  Graham  on  the  move- 

VOL.  n. 


ment  and  "  miscibility "  of  gases 
led  to  the  well-known  law,  "that 
the  dififusion  rate  of  gases  is  in- 
versely as  the  square  root  of  their 
density."  From  gases  he  advanced 
to  the  more  complicated  study  of 
liquids,  divided  bodies  into  two 
classes,  "crystalloids"  and  "col- 
loids," studied  the  "transpiration" 
of  gases  through  fine  tubes,  and 
their  "  osmosis"  or  gradual  filtering 
through  porous  (and  many  ap- 
parently non  -  porous)  partftions. 
In  many  directions  he  anticipated 
later  discoveries  and  collected  in- 
valuable materials  for  subsequent 
theories.  Inter  alia,  he  established 
the  existence  of  "  alcoholates,"^ 
compounds  analogous  to  "hydrates," 
and  maintained  the  metallic  nature 
of  hydrogen. 
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generally  attributed  to  gases.  Andrews  ^  in  the  'sixties 
carried  on  his  important  experiments  on  the  transition  of 
bodies  from  the  liquid  to  the  gaseous  state,  and  came  to 
the  conclusion  "  that  the  gaseous  and  liquid  states  are 
only  remote  stages  of  the  same  condition  of  matter,  and 
are  capable  of  passing  into  one  another  by  a  process 
of  continuous  change."  ^  He  also  referred  to  the  "  pos- 
sible continuity  of  the  liquid  and  solid  states  of  matter." 
Another  important  step  by  which  our  conceptions  of 
the  nature  of  the  liquid  condition  of  matter  were  con- 
siderably enlarged  and  altered — motion  being  introduced 
where  a  former  view  had  seen  only  rest — was  taken  by 
Clausius,  who,  following  Joule  and  Kronig,  had  about  the 
same  time  given  its  modern  form  to  the  kinetic  theory 
of  gases.  What  suggested  this  step  was  the  pheno- 
menon of  electrolysis.  The  older  view  looked  upon  the 
action  of  the  electric  current,  which,  passing  through 
substances  in  a  state  of  fusion  oj  solution,  liberated  the 
constituents  out  of  which  they  were  composed,  as  an 
exertion  of  a  force  contrary  to  the  forces  of  chemical 
affinity,  by  which  the  chemical  constituents  were  sup- 
posed to  be  held  together.  In  this  case  energy  would 
liave  to  be  spent  in  doing  work  against  chemical  forces. 
It  was,  however,  very  soon  found  that  the  decomposi- 
tion, or — as  Sainte  Claire  Deville  first  called  it^ — the 


^  See  vol.  i.  p.  316,  note,  of  this 
History. 

"^  See  'The  Scientific  Papers  of 
Thomas  Andrews,'  with  a  Memoir 
by  Tait  and  Crum  Brown,  London, 
1889,  p.  316. 

3  Sainte  Claire  Deville  (1818-81) 
approached  chemical  research  from 
the  side  of   medicine,  and  after  a 


series  of  original  investigations,  first 
in  organic  then  in  metallurgical 
chemistry,  entered  upon  his  re- 
markable work  in  thermal  chem- 
istry at  the  time  when  Clausius  in 
Germany  was  being  led  from  an 
entirely  different  point  of  view  to 
the  same  subject.  He  introduced 
the  term  dissociation  to  denote  the 


dissociation  of  the  electrolyte,  was  not  the  consequence,  ^^^^^^^ 
but  the  accompanying  feature  or  condition,  of  the  exist-  *io°- 
ence  of  an  electric  current  in  a  solution.  Clausius  first 
expressed  this  distinctly  in  1857,  and  Helmholtz  re- 
peated it  in  1880.  The  conception  was  thus  intro- 
duced  that  in  certain  (not  in  all)  solutions  of  chemical 
compounds  dissociation  might  exist  independently  of  an 
electric  current,  and  that  the  latter,  if  introduced,  only 
directed  the  already  dissociated  and  wandering  molecules 
(ions),  freeing  them  at  the  same  time  of  their  electric 
charges.^      This    conception,    though    at   first    violently 


breaking-up  of  chemical  compounds 
not  so  much  through  the  presence  of 
other  chemical  agencies  as  through 
altered  physical  conditions,  such, 
notably,  as  heat,  evaporation,  and 
condensation.  "Deville's  observa- 
tions on  dissociation  .  .  .  have  a 
very  direct  bearing  on  the  kinetic 
theory  of  gases,  and  it  is  a  fact  of 
interest  in  the  history  of  science 
that  Deville  did  not  recognise  the 
validity  of  that  theory.  Our  esti- 
mate of  the  ingenuity,  skill,  and 
patience  shown  in  his  experimental 
work,  and  of  the  genius  and  sound 
judgment  which  directed  his  theo- 
retical conclusions,  is  perhaps  raised 
when  we  recollect  that  he  was 
neither  led  in  the  first  nor  biassed 
in  the  second  by  ideas  derived 
from  the  kinetic  theory,  and  his 
hostile,  or  at  least  neutral,  attitude 
towards  it  gives  perhaps  greater 
value  to  the  evidence  that  his  work 
has  contributed  to  its  soundness" 
(A.  Crum  Brown,  *  Ency.  Brit.,' 
9th  ed.,  article  "Sainte  Claire 
Deville"). 

^  I  have  already  mentioned  (vol. 
i.  p.  435,  note)  that  Clausius,  when 
introducing  his  kinetic  theory  and 
distinguishing  between  molecules 
and  atoms,  could  refer  to  several 
eminent   chemists  who   had   inde- 


pendently arrived  at  similar  ideas 
by  quite  diflferent  trains  of  reason- 
ing. Again,  when  introducing,  in 
1857,  his  theory  of  dissociation  by 
solution,  he  could  refer  to  similar 
anticipations.  Williamson  had  said 
already,  in  1850  (Liebig's  'Annalen,' 
vol.  Ixxvii.  p.  37),  at  the  meeting 
of  the  British  Association  in  Edin- 
burgh :  "We  are  led  to  the  conclu- 
sion that  in  an  aggregate  of  mole- 
cules of  every  compound  there 
exists  a  continual  exchange  of  the 
elements  contained  in  it.  Suppose, 
for  instance,  that  a  vessel  with 
hydrochloric  acid  were  filled  with 
a  great  number  of  molecules  of  the 
compound  CIH,  then  the  view  at 
which  we  have  arrived  would  lead 
us  to  the  supposition  that  every 
atom  of  hydrogen  does  not  re- 
main in  quiet  juxtaposition  with 
an  atom  of  chlorine,  with  which  it 
is  combined,  but  that  there  is  a  con- 
tinual exchange  of  places  with  other 
hydrogen  atoms "  (Clausius,  *  Me- 
chanische  Warmetheorie, '  vol.  ii.  p. 
167,  Braunschweig,  1879).  For  an 
illustration  of  the  theory  of  Clausius 
modified  to  meet  more  recent  con- 
ceptions, see  0.  Lodge's  'Modern 
Views  of  Electricity,'  1892,  p.  83, 
&c. 
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attacked   by  chemists,  became   gradually  better   under- 
stood and  gamed  ground.     The  merit  of  having  finally 
introduced  into  our  modern  notions  the  idea  of  the  free 
mobility  of  the  constituents  of  electrolytic   compounds 
41.        belongs  to  W.  Hittorf  and  F.  Kohlrausch.     The  name 
Kihirausth.  of  the  latter  will  be  connected  in  the  history  of  science 
with  the  phenomenon  of  the  "migration  of   the  ions," 
which   he    has    expressed,   after   ten   years   of    research 
(1869-79),  in  his  well-known  law.     The  question  was 
put  and  answered,  "  What  becomes  of  the  energy  of  the 
electric  current  ?  "   It  was  found  that  electrolytic  conduc- 
tion increased  with  dilution  and  temperature — two  agents 
which  would   favour   dissociation.      The   phenomena  of 
dissociation  had,  moreover,  been  studied  independently  of 
the  galvanic  current.    Following  in  the  track  of  Graham 
and  Andrews,  a  number  of  physicists  abroad — notably 
van  der  Waals,  Raoult,  and  Yan't  HofF— had  confirmed 
and  extended  the  view  that  bodies  in  solution  resembled 
gases,  that  the  osmotic  pressure  of  a  liquid  resembled 
ordinary  gas  pressure,  that  the  law  of  Avogadro  regard- 
inc'  the  number  of  molecules  in  a  gas  could  be  trans- 
ferred   to  matter  in  a  state  of   solution,  and   that  the 
magnitude  of  the  osmotic  pressure  in  a  liquid  could  be 
used  as  a  measure  of  the  number  of  dissociated — wander- 
ing— molecules  which  are  contained  in  a  given  volume 
of  a  solution,  just  as  the  pressure  of  a  gas  would  increase 
if  the  number  of  molecules  in  a  given  space  were  in- 
creased through  the  splitting  up  of  compounds.    Apparent 
anomalies  in  the  behaviour  of  gases  approaching  conden- 
sation were  explained   by  the  aggregation,  and  similar 
ones  in  dilute  solutions  by  the  dissociation,  of  molecules. 


The  decisive  step  was  taken  in  1887  by  Arrhenius,^  who 
has  the  merit  of  having  brought  together  the  two  inde- 
pendent  courses   of   research   and  reasoning,  and  made 
them  fruitful  for  each  other.     He  shows  ^  "  that  the  dif- 
ference between  active  and  inert  molecules  consists  in 
this,  that  the  former  are  split  into  their  ions,  the  latter 
not.     Only  the  free  ions  take  part  in  the  conduction  of 
electricity  and  in  chemical  reactions :  this  is  the  reason 
for  the  proportionality  of  the  two  (Faraday's  law).     The 
ions  behave  in  solution  like  independent  molecules  :  this 
is  the  reason  of  the  deviation  which  electrolytic  solutions 
show  from  the  extended  gaseous  laws  (Van't  Hoff's  dis- 
covery)."    "What  a  change  has  come  over  our  concep- 
tions," exclaims  Victor  Meyer,^  "  if  we  have  to  accustom  ^.^^42. 
ourselves  to  see  in  a  dilute  solution  of  common  salt,  no  ^jfyj/^^f 
longer  the  undecomposed  molecules  of  a  salt,  but  separate  chemical 
atoms  of  chlorine  and  sodium.     For  these  revolutionary 
innovations   we   are   indebted   to   the   labours  of  Van't 
Hoff,  Arrhenius,  Ostwald,  Planck,  Pfefler,  de  Vries,  but, 
so  far  as  experiments  go,  notably  to   the  splendid  re- 
searches of  Raoult,  which  for  years  have  been  prepar- 
ing the  way  for  this  mighty  theoretical  advance." 

The  year    1887,  which   brought   together  these   two 
fruitful  lines  of  reasoning  and  research,  can  also  be  con-^ 
sidered  as  the  epoch  when  the  new  science  of  physical 
chemistry  was  fairly  launched  into  existence.     The  year 


views. 


^  In  a  communication  to  the 
Academy  of  Stockholm  of  8th  June 
and  9th  November  1887. 

-  Quoted  from  Oatwald's  *  AUge- 
meine  Chemie,'  2nd  ed.,  vol.  ii. 
part  1,  p.  656. 

^  See     the     highly    interesting 


Address  by  Victor  Meyer  before 
the  German  "  Naturforscherver- 
sammlung"  at  Heidelberg  in  1889, 
entitled  "  Chemische  Probleme 
der  Gegenwart "  (Heidelberg, 
1890),  p.  32. 


ii' 


43. 

Ostwald' 
journal. 
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1826  marks  the  revival  of  mathematical  studies  in 
Germany  through  the  appearance  of  Crelle's  journal ;  so 
the  year  1887  saw  the  first  number  of  Ostwald  and 
Van't  Hofifs  '  Zeitschrif t  fur  physicalische  Chemie/  From 
that  period  the  physical  properties  of  chemical  substances, 
so  long  neglected,  or  only  studied  by  isolated  students, 
have  received  systematic,  mathematical,  and  exact 
treatment,  guaranteeing  something  like  continuity  and 
completeness,  and  leading  on  to  the  solution  of  the  great 
remaining  question,  What  is  chemical  affinity  ? 

The  eminent  natural  philosophers  to  whom  is  mainly 
due  the  foundation  of  this  modern  science,  claim  also  to 
be  gradually  realising  the  idea  which  was  suggested  by 
the    early   representatives    of    the   theory   of    energy— 
notably   by  Eankine   and   James   Thomson — that  of   a 
general  doctrine  of  energy,  termed  energetics ;  and  they 
hold  that  this  suggestion  is  only  realisable  by  breaking 
with   the   conventional   ideas   which   the  older  physical 
theories — the  astronomical,  ato^stic,  and  kinetic  views 
— have  imposed  upon  our  reasoning.     They  further  hold 
that  the  gradual  development  of  chemistry  into  an  exact 
science    necessarily    requires    the    introduction    of    this 
\  broader  view  which  they  embrace,  and   that  the  older 
views — useful  in  their  way — only  suffice  to  comprehend 
certain  restricted  groups  of  natural  phenomena,  whereas 
in  chemical  changes,  where  all  imaginable  natural  pro- 
cesses seem  to  come  together,  a  larger  and  more  inde- 
pendent theory  is  indispensable.      It  is   interesting  to 
note  how  very  generally  they  trace  this  larger  view  to 
the  long  unnoticed  labours  of  a  natural  philosopher  in 
the  New  World,  Professor  Willard  Gibbs  of  Yale. 
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The  train  of  thought   methodically  and  comprehen-  ^.^^  *4^. 
sively  followed  out  in  Gibbs's  various  memoirs  had  its  ^ibbs. 
origin   in   the   early   speculations   of  William   Thomson 
(Lord  Kelvin)  and  Clausius,  to  which  I  referred  above. 
Thomson  was   the  first  who,  in   adopting  (after  much 
hesitation)  the  mechanical  view  of  the  phenomena  of  heat, 
the  doctrine  of  the  convertibility  and  equivalence  of  the 
different  forms   of   energy,  recognised  that,  in  order  to 
describe  natural  phenomena  correctly,  this  view  required 
a  qualification.     The  change  of  the  different  forms   of 
energy  into  each  other  can  for  the  most  part  take  place 
only  in  one  direction;   there  is  a  general  tendency  in 
nature  towards  a  degradation  or  dissipation  of  energy. 
Energy,  though  not  lost,  becomes  less  useful,  less  avail- 
able.    The  least  available  form  of  energy  is  heat;  and 
it  is  in  that  form  that  in  all  natural  changes  a  por- 
tion of  energy  becomes  lost,  dissipated,  or  hidden  away. 
Thus    we    have    to    recognise    the    difference    between 
available  and  unavailable,  between   useful   and  useless, 
energy.     In    the    sequel    Thomson    showed    in   definite 
instances^  how  to  calculate  the  available  and  the  un- 


1  See  '  Math,  and  Phye.  Papers,* 
vol.  i.  No.  LIX.,  1852,  "  On  a  Uni- 
versal Tendency  in  Nature  to  the 
Dissipation  of  Mechanical  Energy"; 
and  No.  LXIIL,  1853,  "On  the 
Restoration  of  Mechanical  Energy 
from  an  unequally  heated  Space." 
In  Tait's  '  Sketch  of  Thermodynam- 
ics'  (1868),  we  read  (p.  100):  *'It 
is  very  desirable  to  have  a  word  to 
express  the  availability  for  work  of 
the  heat  in  a  given  magazine,  a 
term  for  that  possession  the  waste 
of  which  is  called  Dissipation.  Un- 
fortunately the  excellent  word  en- 
tropy, which  Clausius  has  introduced 


in  this  connection,  is  applied  by  him 
to  the  negative  of  the  idea  we  most 
naturally  wish  to  express.  It  would 
only  confuse  the  student  if  we  were 
to  endeavour  to  invent  another 
term  for  our  purpose."  He  then 
proceeds  to  use  the  term  entropy 
in  an  altered  sense,  in  which  it 
measures  the  available  instead  of 
the  unavailable  energy,  creating 
for  some  time  a  great  confusion 
and  some  unnecessary  irritation. 
See  on  this  the  early  editions  of 
Clerk  Maxwell's  excellent  *  Theory 
of  Heat,'  and  the  footnote  to  p. 
189,   8th  ed.,  and    Clausius   'Die 
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available  energy :  he  introduced  the  word  "  motivity,"  the 
conception  of  a  quantity  of  a  "  possession  the  waste  of 
which  is  called  dissipation."  Whilst  Thomson  was  thus 
putting  into  scientific  language  and  calculating  an  im- 
portant and  obvious  property  of  nature — namely  this,  that 
her  processes  mainly  proceed  in  a  certain  definable  direc- 
tion— Eankine  and  Clausius  were  labouring  independ- 
ently at  the  mathematical  wording,  the  analytical  expres- 
sion, of  this  remarkable  discovery.  Wherever  a  change  in 
a  system  of  various  elements,  factors,  or  quantities  takes 
place  mainly  in  a  definite  sense  or  direction,  it  is  presum- 
able that  there  exists  a  definite  quantity  which  is  always 
growing  or  always  decreasing.  This  quantity  may  not 
be  directly  observable  or  measurable,  as  in  mechanical 
motion  velocity  or  distance  is  directly  measurable;  it 
may  be  hidden — we  may  have  no  special  sense  with 
which  we  can  perceive  it,  as  we  possess  a  pressure  sense, 
a  heat  sense,  a  sound  and  light  sense;  nevertheless,  it 
may  be  indirectly  discoverable,  being  made  up  (a  func- 
tion) of  definite  observable  quantities  and  factors  (such 
as  heat,  temperature,  mass,  volume,  pressure,  &c.)  Now 
Eankine  and  Clausius  found  that  in  all  thermal  changes 


mechanische  Warmetheorie, '  vol.  i. 
p.  387,  and  vol.  ii.  p.  324  sqq.  A 
great  deal  of  this  confusion  would 
have  been  avoided  had  Tait  in  1868 
introduced  a  really  new  term — viz., 
that  suggested  later  (1876)  by- 
Thomson  in  a  communication  to 
the  Royal  Society  of  Edinburgh, 
and  more  fully  explained  in  a 
paper  in  the  'Phil.  Mag.,'  May 
1879,  the  term  **Thermo-dynamic 
Motivity."  We  should  then  have 
two  terms,  inasmuch  as  the  "con- 


sideration of  the  energy  and 
motivity,  as  two  functions  of  all 
the  independent  variables  specify- 
ing the  condition  of  a  body  com- 
pletely in  respect  to  tempera- 
ture, elasticity,  capillary  attraction, 
electricity,  and  magnetism,  leads 
in  the  simplest  and  most  direct 
way  to  demonstrations  of  the  theo- 
rems regarding  the  thermo-dynamic 
properties  of  matter"  {loc.  cit., 
'  Papers,'  vol.  i.  p.  459). 
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or  heat  processes — and  this  practically  means  in  all 
natural  processes — there  is  such  a  quantity  which  is 
always  on  the  increase,  and  which  thus  measures  in 
mathematical  language  the  growing  loss  of  available 
or  useful  energy  in  the  world.  Eankine  simply  called  it 
the  "thermo-dynamic  function";  Clausius  thought  it 
important  to  give  it  a  name  which  would  co-ordinate  it 
with  energy,  and  he  called  it  entropy :  ^  energy  which 
is  turned  inside,  becomes  hidden  or  locked  up.  Clausius 
thus  gave  a  different  wording  of  Thomson's  doctrine  of 


45. 
Entropy. 


1  Clausius  had  already  in  1854 
(Pogg.  'Ann.,'  vol.  xciii.  p.  481)  ar- 
rived at  the  principal  consequences 
and  the  final  enunciation  of  what 
he  termed  "the  second  law  of 
thermo  -  dynamics,"  a  law  which 
refers  to  the  transformation,  as  the 
first  refers  to  the  conservation,  of 
energy.  He  there  arrives  at  similar 
conclusions  to  those  put  forth  by 
Thomson  two  years  earlier.  The 
word  entropy,  however,  was  not  in- 
troduced by  him  till  1865  (Pogg. 
■Ann.,'  vol.  cxxv.  p.  390),  when  he 
introduced  it  with  the  following 
remarks :  "I  have  intentionally 
formed  the  word  entropy  as  much 
as  possible  on  the  model  of  that 
of  energy,  for  the  two  quantities 
which  are  to  be  designated  by  these 
two  words  are  in  their  physical 
meaning  so  intimately  related  that 
a  similarity  in  the  terms  seemed  to 
me  to  be  justified."  As  stated 
above  (p.  167,  note),  Lord  Kelvin,who 
worked  simultaneously  and  inde- 
pendently at  the  same  subject,  laid 
more  stress  upon  the  direct  state- 
ment, that  in  all  transformations 
of  energy  we  have  to  distinguish 
between  the  available  and  the  total 
intrinsic  energy,  and  introduced 
the  terms  energy  and  motivity  as 


two  functions  of  all  the  variables 
specifying  the  conditions  of  a 
system.  In  his  article  on  Heat, 
contributed  to  the  *  Ency.  Brit.,' 
9th  ed.,  he  gives  the  mathematical 
relation  of  motivity  to  entropy 
('  Papers, '  vol.  iii.  p.  167).  The  term 
motivity  has  not  become  current  in 
thermo  -  dynamical  treatises,  but 
the  need  has  been  very  generally 
felt  of  reserving  the  word  energy  in 
a  restricted  sense  for  available 
energy,  such  energy  as  can  be  put 
to  mechanical  use,  Wald,  in  a 
very  interesting  dissertation,  '  Die 
Energie  und  ihre  Entwerthung' 
(Leipzig,  1889),  deplores  (pp.  43 
and  44)  the  fact  that  the  word 
energy  has  not  been  reserved  to 
denote  useful,  available  energy. 
"Had  the  word  energy,"  he  says, 
"been  introduced  before  the  dis- 
covery of  the  first  law  of  thermo- 
dynamics, then  certainly  only  me- 
chanical energy  would  have  been 
termed  simply  energy."  In  the 
use  of  the  word  Kraft  in  some 
writers,  such  as  Mayer,  there 
seems  occasionally  a  confusion  be- 
tween available  and  total  or  in- 
trinsic energy.  See  Le  Chatelier 
in  'Journal  de  Physique,'  1894. 
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the  universal  tendency  in  nature  towards  a  dissipation 
of  energy,  by  saying,  "  The  entropy  of  the  world  is 
always  on  the  increase." 

For  about  twenty  years  after  these  conceptions  had 
been  introduced  into  scientific  language  and  reasoning, 
mathematicians  and  physicists  were  mainly  occupied 
in  defining  more  clearly  this  hidden  quantity,  and  in 
defending  what  was  called  the  second  law  of  thermo- 
dynamics against  misconceptions  and  attacks.  In  1875 
Lord  Eayleigh  could  still  say,^  "The  second  law  of  thermo- 
dynamics and  the  theory  of  dissipation  founded  upon  it 
has  been  for  some  years  a  favourite  subject  with  mathe- 
matical physicists,  but  has  not  hitherto  received  full 
recognition  from  engineers  and  chemists,  nor  from  the 
scientific  public.  And  yet  the  question  under  what 
circumstances  it  is  possible  to  obtain  work  from  heat 
is  of  the  first  importance.  Merely  to  know  that  when 
work  is  done  by  means  of  heat,  a  so-called  equivalent  of 
heat  disappears,  is  a  very  small  part  of  what  it  concerns 
us  to  recognise." 

Whilst    these   words   correctly   describe    the    general 

attitude  of  the  scientific  public  towards  this  important 

discovery,  two  men  had   already  made  a  beginning  in 

Horstmann.  the  direction  indicated — Horstmann^  in  Germany,  and 


^  '  Proceedings  of  the  Royal  In- 
stitution,' vol.  vii.  p.  386. 

2  Prof.  Ostwald  in  the  historical 
section  of  his  '  Verwandtschafta- 
lehre'  ('Allg.  Chemie,'  2nd  ed., 
vol.  ii.  part  2,  p.  Ill,  &c.),  Helm 
in  'Energetik'  (p.  141,  &c.),  and 
Duhem  in  his  '  Traite  de  Mecanique 
chimique'  (1897,  vol.  i.  p.  84,  &c.) 
all  do  full  justice  to  the  long-un- 
recogjaised  labours  of  Hoi-atmann, 


which  began  in  the  year  1869  and 
were  continued  in  Liebig's  *An- 
nalen '  in  various  communications 
during  the  early  'seventies,  not 
without  undergoing  violent  attacks 
from  representatives  of  the  older 
conceptions.  Ever  since  James 
Thomson's  celebrated  prediction 
(see  above,  p.  126),  physicists 
had  recognised  the  importance  of 
thermo  -  dynamical    considerations, 


Willard  Gibbs  ^  in  America.  They  seem  to  have  been  the 
first  to  approach  the  question  of  chemical  equilibrium, 
the  result  of  the  action  of  various  conflicting  chemical 
forces,  termed  affinities,  from  a  general  comprehensive 
point  of  view;  recognising  that  the  theory  then  com- 
monly adopted  on  the  Continent — the  thermo-chemical 
theory  of  affinity — was  incorrect  or  incomplete.  This 
theory,  which  had  been  principally  elaborated  by  Julius 
Thomsen  in  Copenhagen  and  by  Berthelot  in  France, 
was  supported  by  the  large  amount  of  valuable  ex- 
perimental research  for  which  we  are  indebted  to 
these  two  eminent  men  and  their  numerous  followers. 


whilst  chemists  persisted  in  the  ex- 
clusive use  of  atomistic  conceptions, 
which,  as  ^Horstmann  pointed  out, 
are  of  no  avail  in  problems  of  that 
nature  (see  Helm,  'Energetik,'  p. 
143). 

^  More  fundamental  than  the 
labours  of  Horstmann  were  those  of 
Gibbs,  which  began  with  the  year 
1874,  and  were  for  a  long  time 
buried  in  the  '  Transactions  of  the 
Connecticut  Academy.'  They  were 
known  to  Maxwell,  but  remained 
generally  unknown,  partly  owing 
to  their  abstract  nature,  partly 
to  the  fact  that  the  majority  of 
Continental  chemists  were  not 
prepared  to  appreciate  the  mathe- 
matical form  in  which  his  exposi- 
tions were  clothed.  Previous  to 
the  study  of  questions  of  chemical 
equilibrium,  Gibbs  had  successfully 
developed  an  idea  of  James  Thom- 
son's— viz. ,  the  graphical  represen- 
tation of  the  different  thermo- 
dynamic quantities  in  three  instead 
of  merely  in  two  dimensions.  Thom- 
son had  represented  the  properties 
of  a  body  or  system  by  referring 
them  to  volume,  pressure,  and  tem- 
perature.    Gibbs    refers    them  to 


volume,  energy,  and  entropy,  the 
former  quantities  being  always  de- 
finable by  the  latter,  but  not  vice 
versa.  The  advantages  of  this  rep- 
resentation were  demonstrated  to 
English  students  in  Maxwell's 
*  Theory  of  Heat.'  In  Germany  it 
was  Prof.  Ostwald  who,  by  collect- 
ing and  translating  the  memoirs 
of  Gibbs,  first  made  them  accessible 
to  students  (' Thermodynamische 
Studien,' von  Willard  Gibbs,  Leipzig, 
1892).  Subsequently  both  Ostwald 
and  Helm  have  done  much  to  pro- 
mote an  understanding  of  Gibbs's 
methods.  See  Ostwald,  'Allg. 
Chemie,'  vol.  ii.  part  2,  p.  114, 
&c.  ;  Helm,  '  Grundziige  der  mathe- 
matischen  Chemie'  (Leipzig,  1894), 
and  'Energetik,' pamw.  Subse- 
quently Gibbs  also  introduced  the 
very  general  and  useful  term 
"phase"  to  denote  the  different 
states  in  which  a  substance  can 
exist.  This  term  denotes  not  only 
such  differences  as  were  formerly 
called  in  German  Aggregatzustdnde, 
but  likewise  conditions  of  dis- 
sociation, allotropic  and  isomeric 
modifications. 
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It  measured  chemical  reactions  by  what  is  termed  their 
heat  -  toning,  i.e.,  by  the  amount  of  heat  developed, 
and  culminated  in  the  celebrated  third  law  of  thermo- 
chemistry— viz.,  that  such  reactions  take  place  as  are 
accompanied  by  the  greatest  amount  of  energy  liberated 
in  the  form  of  heat.  Now,  although  this  contains  an 
adequate  description  of  a  very  large  number  of  reactions 
that  take  place  at  the  temperatures  at  which  we  operate 
in  our  laboratories,  the  rule  is  by  no  means  universal, 
and  it  required  a  great  amount  of  ingenuity  to  ex- 
plain away  the  many  exceptions  which  presented  them- 
selves. The  rule  needed  to  be  modified  or  ampHfied. 
The  measurement  of  the  energy  of  a  chemical  process  by 
the  heat- toning  was  not  the  only  instance  in  which  the 
thermal  side  of  a  phenomenon  had  been  considered  a 
sufficient  means  of  measuring.  In  an  allied  department, 
that  of  electrolysis,  Helmholtz  had  suggested,  as  early 
as  1847,  that  the  electro-motive  force  of  a  galvanic  cell 
may  be  measured  by  the  heat- toning  of  the  chemical  pro- 
cesses which  produce  the  current,  and  for  a  long  time 
this  was  considered  to  be  a  correct  expression  of  facts. 
In  consequence,  however,  of  some  discrepancies  which 
had  presented  themselves,  Helmholtz  himself  was  induced, 
about  1881,  to  examine  the  subject  more  thoroughly. 
He  arrived  at  the  conclusion  that  the  heat- toning  is  not 
always  a  correct  measure ;  and  at  the  same  time  he  intro- 
duced a  more  adequate  and  generally  applicable  method 
of  measurement.  In  fact,  he  arrived  at  the  conception 
of  available  or  useful  energy  for  processes  which  take 
place  at  constant  temperature.  To  this  quantity,  which 
decides  in  which  direction  a  reaction  takes  place  (tempera- 


ture remaining  constant),  he  gave  the  name  of  free  ^^^^^7^^^,^ 
energy.  He  showed  that  in  a  state  of  equilibrium  the  ^T^s" 
free  or  available  energy  must  be  a  minimum.  He  also 
showed  the  connection  in  which  the  available  or  free 
energy  stands  to  the  quantity  introduced  by  Eankine 
and  Clausius,  the  entropy  which  measures  the  unavailable 
or  hidden  energy.  By  making  chemical  changes  depend 
on  the  increase  or  decrease  of  a  definite  measurable 
quantity  a  parallel  was  established  between  chemical 
and  mechanical  processes,  the  latter  always  taking  place 
in  the  direction  of  a  decrease  of  potential  energy.  Free 
energy  has  thus  been  appropriately  termed  by  M.  Duhem 
the  thermo-dynamic  potential. 

Helmholtz  did  not  apply  this  fruitful  view  to  chemical 
processes  on  any  extensive  scale,  but  his  explanations 
have  done  much  to  establish  that  correcter  and  more 
comprehensive  way  of  treating  such  questions  which  has 
since  become  general.  Horstmann  had  indeed  led  up 
to  this  view,  Willard  Gibbs  had  applied  it  before,  and 
Lord  Kayleigh   had   suggested    it.^     The   conception   of 


^  The  general  use  of  the  concep- 
tion of  useful  or  free  energy  must 
be  dated  from  the  remarkably  lucid 
expositions  of  Helmholtz,  though 
it  is  now  recognised  by  all  who 
have  studied  the  history  of  this 
fertile  conception  that  the  physi- 
cal notion  of  available  energy  goes 
back  to  Thomson  (see  Tait,  '  Ther- 
modynamics,' 1868,  p.  100)  and 
Maxwell  ('  Heat,'  p.  1 87,  8th  ed.  ; 
Duhem,  '  Mdcanique  chimique,' 
vol.  i.  p.  92 ;  Lie  Chatelier  in 
'Journal  de  Physique,'  1894,  p. 
291) ;  that  the  mathematical 
formulae  were  given  by  Massieu 
(quoted  by  Duhem,  '  Le  Potential 
Thermodynamique, '   1886,   pp.    v. 


and  11),  and  more  definitely  ex- 
plained and  applied  to  the  phys- 
ical phenomena  of  dissociation  by 
Gibbs  ('Thermodynamische  Stud- 
ien,'  ed.  Ostwald,  p.  66,  &c.  ; 
'Amer.  Journ.  of  Sciences  and 
Arts,'  1879) ;  and  that  it  is  es- 
pecially owing  to  the  labours  of 
Duhem  that  the  subject  has 
received  the  attention  of  chemists. 
M.  Duhem,  in  the  introduction  to 
the  work  of  1886,  gives  a  very 
valuable  and  lucid  historical  ex- 
position, and  subsequently  in  his 
large  work  in  four  volumes  ('Me- 
canique  chimique,'  1897-1900)  a 
vast  number  of  applications.  For 
the  history  of  thought  the  import- 
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48. 
Kelvin's 
available 
energy. 


available  energy  as  distinguished  from  total  energy  had 
been  introduced  by  Lord  Kelvin  and  by  Maxwell.  This 
free  energy  is  measured  not  only  by  the  heat  liberated, 
but  depends  on  all  the  other  factors,  such  as  volume  and 
pressure,  the  number  of  chemical  substances  engaged,  and 
their  physical  conditions.  The  doctrine  of  energy  and 
the  conception  of  free  energy  pointed  out  a  method  of 
co-ordinating  all  these  different  factors  and  reducing  them 
to  a  common  measure.  As  Eankine,  by  the  introduction 
of  the  term  potential  energy,  did  much  to  clear  the  ideas 
and  guide  the  reasoning  in  dynamical  science,  so  Helin- 
holtz,  by  introducing  the  term  free  energy,  did  a  great 
deal  to  introduce  into  chemical  science  the  fruitful  con- 
ceptions which  had  been  elaborated  and  applied  in  phys- 
ical research.  The  term  free  or  available  energy  seems 
to  describe  more  naturally  the  characteristic  property  of 
all  energy  which  is  useful  for  doing  work,  whilst  the 
opposite  terra  entropy — which  measures  the  unavailable 
or  hidden  energy — refers  to  a  quantity  for  which  we 
have  no  immediate  means  of  perception.^ 


It  was  about  this  time — after  experimental  research 
had  been  carried  on  for  many  years  by  Julius  Thomsen 
and  Berthelot,  after  Horstmann  had  made  a  beginning  of 


ance  of  these  somewhat  abstruse 
expositions  lies  mainly  in  two 
directions :  First,  in  the  recog- 
nition of  the  fatct  that  for  the  cor- 
rect description  of  natural  pheno- 
mena and  changes  the  knowledge 
of  the  total  energy  is  as  little  suf- 
ficient as  that  of  the  total  weight 
or  mass,  but  that  it  is  necessary 
to  introduce  the  conception  of  use- 
ful energy,  of  energy  which  is  free 
or  available  for  doing  work  ; 
secondly,  in  the  recognition  that 
the  course  of  chemical  changes  or 
reactions  cannot  be  measured  by 
attending  to  one  special  property, 
such  as  weight,  or  temperature,  or 
entropy,  but  that  it  requires  the 


measurement  of  a  quantity  which 
comprises  all  the  different  agencies 
in  nature,  this  quantity  being  the 
energy  of  the  system  or  substances 
in  question  and  its  availability.  A 
third  point,  which  is  of  more  or  less 
importance  according  to  the  general 
view  adopted,  is  this,  that  the  ma- 
thematical formulae  involved  have 
exhibited  the  analogy  between 
chemical  and  mechanical  processes, 
the  latter  being  those  which  were 
earliest  and  are  most  easily  grasped 
by  the  mind. 

^  As  Prof.  Ostwald  has  remarked, 
it  is  to  a  great  extent  a  matter  of 
taste  what  particular  form  one 
adopts  out  of  the  many  in  which  the 


second  law  of  thermo-dynamics  can 
be  expressed  (' Allg.  Chemie,' vol.  ii. 
part  2,  p.  150).  In  every  case  it 
is  simply  a  question  how  most 
conveniently  to  express  and  apply 
the  general  principle  that  heat 
cannot  of  itself  pass  from  a  colder 
to  a  hotter  body,  the  principle  on 
which  Fourier  built  his  "Theorie 
de  la  Chaleur,"  and  which  revealed 
itself  as  the  rationale  of  the  ex- 
positions of  Carnot  when  in  the 
middle  of  the  century  their  hidden 
truth  emerged  from  the  criticisms 
of  William  Thomson  (Lord  Kelvin) 
and  Clausius.  Thus  already  in  the 
different  treatment  of  the  same 
subject  there  showed  itself  the 
twofold  tendency  which  reasoning 
on  physical  matters  so  frequently 
exhibits  —  viz. ,  towards  physical 
directness  and  mathematical  ele- 
gance ;  the  former  leading  to  prac- 
tical application,  the  latter  to 
analytical  refinement.  Maxwell, 
in  a  review  of  Tait's  '  Ther- 
modynamics,' written  in  1877 
('Scientific  Papers,'  vol.  ii.  p. 
666),  contrasts  the  methods  of 
Clausius  and  Thomson,  and  Prof. 
Mach  (*  Wiirmelehre,'  1896,  p.  300) 
has  made  similar  remarks.  Of 
Thomson  the  former  says,  "that 
he  does  not  even  consecrate  a 
symbol  to  denote  the  entropy, 
but  he  was  the  first  to  clearly 
define  the  intrinsic  energy  of  a 
body,  and  to  him  alone  are  due 
the  ideas  and  the  definitions  of 
the  available  energy  and  the  dis- 
sipation of  energy.  ...  He  avoids 
the  introduction  of  quantities 
'  which  are  not  capable  of  ex- 
perimental measurement."  Since 
these  criticisms  a  great  deal  has 
been  written  to  make  the  second 
law  of  thermo-dynamics  and   the 


conception  of  entropy  more  intellig- 
ible.    The   object   here   again   has 
been  twofold  :    first,  to  make  the 
conceptions  useful  for  the  practical 
purpose  of  perfecting  the  heat  en- 
gines   (Rankine,    Zeuner    and    his 
school)   anH    of    investigating    the 
conditions  of  chemical  equilibrium 
(Gibbs,  Helmholtz,  Duhem) ;  next, 
to   place    the    second    law,    which 
deals   with    the   transformation  of 
energy,  on  an  equally  firm  founda- 
tion   with    the    first    law,    which 
deals  with  the  conservation  of  en- 
ergy.    There  is  no  doubt  that  the 
principle    of    the    conservation   of 
energy  owes  a  very  large  part  of 
its  intelligibility  to  the  fact   that 
for    purely     mechanical     systems 
it   follows  from  such  well-known 
dynamical  axioms   as   the   laws  of 
motion.       When     heat    was     con- 
ceived     to     have     a      mechanical 
equivalent     in     mechanical     work, 
the    more  general  principle  of  the 
conservation     of     energj'^     seemed 
intelligible     by     mechanical     con- 
ceptions.     The   second   law,   how- 
ever,   introduced     a     property    of 
natural  processes  which  is  not  so 
easily    understood    mechanically — 
viz.,  that  they  are  not  reversible 
— and  this  property  was  shown  to 
be  connected  with  a  special  phys- 
ical quantity,  for  which  we  have 
a  special  sense — viz.,  temperature. 
The  problem  of  making  the  second 
law  mechanically  intelligible  thus 
coincides     with     the     problem    of 
giving   a   mechanical   definition  of 
temperature.     It   is   not  sufficient 
to  call  heat  a  mode  (or,  more  cor- 
rectly, the  energy)  of  motion  ;  we 
must  express  temperature,  on  the 
difference  of  which  the  usefulness 
of  heat  depends,  in  some  way  by 
motion,    we     must     arrive     at     a 
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introducing  thermo  -  dynamics  into  chemistry,  after  W. 
Gibbs  had  shown  how  to  look  at  chemical  energy  as  a 
sum  of  many  forms  of  energy,  and  after  Helmholtz  had 
more  clearly  defined  the  useful  conception  of  free  or 
available  energy  as  the  measure  of  chemical  reaction— 
49.  that  Prof.  Ostwald  at  length  ventured  after  the  lapse  of 
•AUgemeine  eicrhtv  vears  to  uuitc  in  a  comprehensive  doctrine  the 

Chemie.'  is      .     J 

scattered  fragments  of  our  existing  knowledge  regard- 
ing chemical  affinity.  This  he  did  as  a  restorer  of  the 
forgotten    labours    and    fame   of    Berthollet.^      By  the 


kinetic   definition   of   temperature. 
The     two    principal     founders    of 
thermo  -  dynamics,     Clausius     and 
Lord    Kelvin,   did    not    resort    to 
kinetic    conceptions    when    estab- 
lishing  the   two   laws   which   deal    1 
with   the   conservation  and  trans- 
formation    of    energy  :     Rankine, 
however,    connected     the     subject 
with  his  theory  of  molecular  vor- 
tices ;  and  Clausius,  who  was  one 
of    the    founders    of    the    kinetic 
theory    of    gases,   very    early    at- 
tempted  to  interpret  the   laws  of 
the   transference   of    heat  by   the 
help    of     that    theory.      So    like- 
wise    did     Maxwell,     Helmholtz, 
Boltzmann,     and     many     others. 
Mr    Bryan,    in    a    very    valuable 
report  on  the   "Researches  relat- 
ing    to     the    Connection    of     the 
Second      Law      with      Dynamical 
Principles,"    has    given    a    critical 
summary     of    these     various    at- 
tempts  (see  Brit.   Assoc.   Reports, 
18^1,  p.  85).     The   three  peculiar 
forms   of    motion    referred   to    in 
our   last  chapter  —  periodic,  rota- 
tional, and  rapid  translational  (dis- 
orderly) motion — have  been  used  to 
suggest   manifold  means  of   trans- 
lating thermo-dynamical  processes 
into    kinetic     models,    explaining, 
as   Mr    Bryan   says,  "the   second 
law,  about  which  we  know  some- 


thing, by  means  of  molecules 
about  which  we  know  much  less  " 
(p.  121).  It  does  not  seem  that 
much  more  has  been  gained  than 
a  general  presumption  that  a 
mechanical  illustration  is  possible. 
To  the  statistical  ideas  elaborated 
mainly  by  Maxwell  and  Boltz- 
mann I  shall  revert  when  treat- 
ing generally  of  the  statistical  view 
of  nature. 

1  Prof.   Ostwald  has  himself,  in 
the   Inaugural   Lecture   which   he 
delivered   on    the   occasion   of  his 
accession   to  the  chair  of  physical 
chemistry   at   Leipzig,    23rd  Nov- 
ember   1887,    given  a    very    lucid 
statement    of    the    principles    in- 
volved.    He  goes  back  to  the  two 
theories  of  chemical  action  repre- 
sented   at    the    beginning   of    the 
century  by  Bergmann  on  the  one 
side  and  BerthoUet  on  the  other. 
In  place  of  the  conflict  of  chemical 
forces,  in  which  the  stronger  ob- 
tains a  complete  victory  (complete 
reactions)— the  view  of  Bergmann— 
BerthoUet  introduces  the  "mani- 
fold play  of  forces  acting  to  and  fro, 
the  result  being  that  every  one  gets 
its  due.     The  more  powerful  sub- 
stance gets  more,  the  weaker  less. 
Only   in   cases   where   one   of   the 
possible  compounds  in  consequence 
of    its    properties    entirely    leaves 


publication  of  the  second  volume  of  his  '  Lehrbuch  der 
allgemeinen  Chemie '  a  great  impetus  was  given  to  phys- 
ical chemistry.  The  large  addition  to  our  knowledge  in 
this  branch,  and  the  consolidation  and  criticism  of  re- 
search which  it  brought  about,  and  to  which  the  second 
edition,  now  appearing,  gives  ample  testimony,  mark  this 
publication  as  an  epoch  in  modern  scientific  thought.  To 
this  development  is  attached  the  growth  of  the  special 
view  of  natural  phenomena  which  Ostwald  and  some 
other  Continental  thinkers  embrace,  and  which  they  are 
inclined  to  place  in  opposition  to  the  older  views  as  a 
more  comprehensive  one.  The  older  views  they  some- 
what contemptuously  term  the  materialistic  views  of 
nature  —  the  views,  in  fact,  which  I  have  presented 
under  the  headings  astronomical,  atomic,  and  mechanical. 
As  this  most  recent  outcome  of  what  I  termed  the 
physical  view  of  nature  refers  to  fundamental  concep- 
tions  and  has   furnished  much    matter    for    discussion 


the  field  of  contest,  either  by  falling 
down  as  insoluble  or  escaping  as 
gas,  can  that  complete  decomposi- 
tion take  place  which  Bergmann 
held  to  be  the  normal  result " 
( '  Die  Energie  und  ihre  Wand- 
luiigen,'  Leipzig,  1888,  p.  20).  That 
complete  reactions  were  for  a  long 
time  studied  with  predilection  was 
most  natural,  especially  as  they  are 
the  most  useful  for  practical  pur- 
poses ;  but  the  study  of  moving 
chemical  equilibrium,  depending  on 
what  is  now  termed  mass  action 
and  involving  the  question  of  the 
velocity  of  reactions,  has  in  recent 
times  again  asserted  itself,  Ost- 
wald dates  the  revival  of  this  long- 
nef,'lected  branch  of  research  from 
the  year  1867,  when  "two  Nor- 
wegian   chemists,     Quldberg     and 
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Waage,  put  the  ideas  of  BerthoUet 
into  precise  mathematical  form  and 
subjected  the  resulting  equations  to 
the  test  of  observation  and  verifica- 
tion "  (ibid.,  p.  21).  Ostwald  then 
shows  further  how  Bergmann's 
theory  was  simultaneously  revived 
in  M.  Berthelot's  famous  third  law 
derived  from  thermo  -  chemistry. 
This  in  turn  had  to  yield  to 
the  correcter  views  which  date 
from  Gibbs's  studies  '  *  on  the 
equilibria  of  heterogeneous  sub- 
stances "  (see  '  Thermodynamische 
Studien,'  p.  66,  1875  ;  also  Ost- 
wald, '  AUg.  Chemie,'  vol.  ii.  part 
2,  p.  163,  on  the  reconciliation  of 
Bergmann's  and  BerthoUet's  views  ; 
and  further,  Berthelot  in  '  Comptes 
Rendus,'  1894,  118). 
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abroad,  I  will  try  to  sum  up  finally  the  principal  points 
in  it  which  are  of  importance  for  the  history  of  con- 
temporary thought. 

Ever  since  the  conception  of  energy  as  a  quantity 
which,  like  matter,  is  preserved  in  all  natural  processes, 
forced  itself  with  more  or  less  clearness  upon  natural 
philosophers,  the  question  has  been  insistent  as  to  the 
number  of  different  forms  in  which  this  quantity  can 
manifest  itself ;  and  some  of  the  earliest  propounders  of 
the  doctrine  attempted  an  enumeration  of  the  different 
forms,  mechanical  energy  of  motion  and  of  attraction 
usually  heading  the  list.  When  that  form  of  energy 
which  we  call  heat  was  subjected  to  examination,  and  the 
remarkable  property  formerly  called  latent  heat  defined 
in  the  new  terminology,  the  want  arose  of  bringing  about 
some  kind  of  connection  between  our  ideas  of  motion  and 
those  of  heat,  which  were  shown  to  be  mutually  con- 
vertible quantities  in  nature.  Before  that  time  sound 
and  light  had  already  yielded  to  the  kinetic  view,  and  an 
enormous  increase  of  our  knowledge  in  acoustics  and 
optics  had  followed.  Thus  we  find  some  of  the  pioneers 
of  the  physical  or  energy  view  of  nature — notably  Eankine 
and  Joule  in  this  country,  Eedtenbacher  and  subsequently 
Clausius  abroad — engaged  in  translating  the  properties 
of  heat  into  mechanical  analogies.^     It  was  not  thought 


^  Rosenberger,  in  his  '  Geschichte 
der  Physik '  (vol.  ill.  p.  550,  &c.), 
gives  a  number  of  references  to 
theories  mostly  forgotten  which 
were  published  before  and  after 
the  year  1850.  Clausius,  who 
keeps  his  mechanical  theory  of 
heat  quite  separate  from  his  kinetic 
theory    of    gases    (see    the    three 


volumes  on  *  Die  mechanische 
Warmetheorie,'  2nd  ed.,  1876,  &c.), 
admits,  nevertheless,  in  a  paper 
published  in  1857  (Pogg.  *Aun.,| 
vol.  c,  and  '  Mechan.  Warmetheor.,' 
vol.  iii.  p.  1,  &c.),  that  "from  the 
beginning  of  his  researches  refer- 
ring to  heat  he  had  attempted  to 
account  to  himself  for  the  internal 
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essential,  but  it  was  found  to  be  convenient — mainly  for 
didactic  purposes — to  elaborate  such  analogies,  explaining 
or  describing  the  less  known  by  that  which  is  more 
familiar.  Eegarding  the  value  of  such  attempts  there 
have  always  existed  two  opinions.  I  have  had  occasion 
to  refer  to  them  when  explaining  the  atomic  theory. 
There  were  those  who  looked  upon  that  theory  merely 
as  a  convenient  symbolism,  and  there  were  those  who 
looked  upon  atoms  and  molecules  as  really  existing 
things.  The  latter  view  has  gained  force  and  importance 
through  the  necessity  of  more  and  more  elaborating  the 
atomic  hypothesis  in  order  to  represent  not  merely  the 
chemical  constitution  of  compounds,  but  likewise  their 
manifold  physical  differences,  some  of  which,  in  fact, 
could  only  be  described  by  geometrical  conceptions.  I 
need  only  refer  to  what  I  said  above  on  the  kinetic 
theory  of  gases,  and  on  the  property  termed  chirality 
manifested  by  some  chemical  substances  in  solution,  as 
well  as  on  the  phenomena  of  isomerism.     In  the  last 


state  of  motion  of  a  hot  body,  and 
that  he  had  arrived  at  a  conception 
which  he  had  already  before  his 
first  publication  (in  1850)  used  for 
various  investigations  and  calcu- 
lations." He  further  states  that 
hearing  through  William  Siemens 
that  Joule  had  expressed  a  similar 
idea  (Manchester  Phil.  Soc,  1848 
and  1857),  and  more  especially  after 
the  publication  of  Kronig  (1856), 
he  resolved  to  publish  his  views. 
It  is  interesting  for  our  present 
purpose  to  see  how  Clausius,  like 
Maxwell  in  a  different  domain  of 
research,  was  originally  guided  by 
definite  mechanical  representations. 
It  is  equally  noteworthy  that  Lord 
Kelvin's  original  researches  on  the 


subject  of  heat  were  quite  free 
from  this  element,  though  we 
owe  to  him  in  other  departments 
some  of  the  most  suggestive  kin- 
etic illustrations  ;  and  that  he  has 
quite  recently  offered  valuable 
criticisms  on  the  attempted  me- 
chanical interpretation  of  the 
second  law  of  thermo-dynamics  (see 
p.  112  of  Bryan's  Report,  quoted 
above,  p.  176,  note).  Also  the 
first  English  treatise  on  thermo- 
dynamics written  for  didactic  pur- 
poses (Tait's  Sketch,  1868)  contains 
no  reference  to  molecular  theory, 
and  Hirn,  one  of  the  most  active 
workers  in  the  region  of  experi- 
mental proofs,  kept  clear  of  it. 
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50. 
"Kinetics' 
and  "ener- 
getics." 


chapter,  while   dealing  specially  with  the  kinetic  view 
of  natural  phenomena,  I  had  again  occasion  to  refer  to 
the   opinion  which   has   latterly   crept   into   mechanical 
explanations — namely,  that  they  are  to  be  looked  upon 
merely  as  symbolical,  an  opinion  which  did  not  enter  the 
minds  of  the  original  propounders  of  the  vibratory  theory 
of   sound    and   light,  and  which  some  eminent  natural 
philosophers  to-day  strongly  oppose.     An  opposite  fate 
seems   to  have   befallen   the   mechanical   hypothesis  in 
chemistry  and  in  physics.     Whilst  Dalton's  atoms  were 
accepted  with  hesitation,  the  further  elaboration  of  the 
atomic  view  has  made  it  almost  impossible  to  resist  it 
as  a  physical  reality;  whereas  the  necessary  complica- 
tions   introduced    into    Young's    undulatory    theory   in 
order   to   make  it  cover    electro  -  magnetic   phenomena 
have  given  it  the  appearance  of  unnaturalness  and  arti- 
ficiality— so  much  so  that  Maxwell  himself  abandoned 
the  line  of  reasoning  which   led   him  originally  to  his 
fundamental  formulae,  and  contented  himself  with  more 
general  considerations   derived  from   the   conception  of 

energy. 

The  conceptions  which  are  expressive  of  the  view  dealt 
with  in  this  chapter — the  energy  ideas — have  had  a 
similar  fate.  There  have  been  those  who  have  inter- 
preted this  view  to  mean  that  all  phenomena  in  nature 
can  be  translated  into  the  language  of  mechanics :  they 
have  accordingly  been  stimulated  to  invent  all  manner 
of  kinetic  contrivances  by  which  light,  heat,  electricity, 
and  chemical  action  can  be  represented.  Others  have 
interpreted  the  equivalence  of  all  forms  of  energy  to 
mean  that  kinetic  energy  is  only  one  of  the  forms  in 


which  this  quantity  can  appear :  they  have  thus  exerted 
themselves  to  find  such  general  properties  as  belong 
to  all  the  forms  in  which  energy  presents  itself  to  us. 
They  look  upon  energy  as  a  much  more  general  con- 
ception than  motion,  and  they  think  it  a  mistake  to 
try  to  narrow  the  conception  so  that  it  can  only  mean 
the  energy  of  attraction  and  repulsion  (the  astronomical 
view),  that  between  the  ultimate  particles  of  matter 
(the  atomic  view),  or  the  energy  of  various  forms  of 
motion  (the  kinetic  view). 

On  the  purely  scientific  side  the  mechanical  view  has 
much  to  say  for  itself,  and  can  point  to  achievements 
which  recommend  it  as  a  fruitful  method  of  progress  and 
research,  and  as  even  more  fruitful  for  the  purposes  of 
instruction.  It  can  claim  to  give  in  many  instances  an 
apparently  easy  account  of  the  common-sense  or  obvious 
properties  of  bodies,  and  it  gives  this  account  in  terms 
which  lend  themselves  to  strict  definition,  to  measure- 
ment, calculation,  and  prediction  of  phenomena ;  it 
destroys  all  vagueness,  and  adopts,  as  it  also  stimulates, 
mathematical,  which  is  the  most  cogent  kind  of  reasoning. 
The  kinetic  theory  of  gases  and  the  vibratory  theory  of 
light  are  notable  examples.  The  ideas  of  energy  and  the 
remarkable  properties  of  the  lowest  form  of  energy — 
i.e.,  of  heat  —  became  gradually  clearer  and  lost  their 
strangeness  as  potential  energy  came  to  be  defined  as 
energy  of  position,  available  (or  free)  energy  as  the 
kinetic  energy  of  regular  or  orderly,  unavailable  (or 
bound)  energy  as  that  of  irregular  or  disorderly  motion, 
and  when  the  strange  quantity  termed  entropy,  which 
Clausius  and  Eankine  strove  in  vain  to  bring  home  to 
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the  general  scientific  intelligence,  revealed  itself  as  the 
measure  of  the  disorder  which  prevails  in  the  motion  of 
the  Ultimate  material  elements  of  a  system.^  Faraday's 
lines  of  force  and  the  whole  elaborate  imagery  invented 
and  afterwards  discarded  by  Maxwell  to  describe  the 
interaction  of  magnets,  electric  currents,  and  charged 
bodies,  have  proved  to  be  most  valuable  instruments  of 
thought— a  useful  scientific  shorthand — in  the  hands  of 
the  teacher,  as  in  those  of  the  practical  electrician.  And 
although  the  illustrious  propounder  of  the  vortex-atom 
theory  of  matter  seems  latterly  to  have  discouraged  the 
use  of  this  kinetic  contrivance  as  not  likely  to  lead 
to  any  great  revelations  regarding  the  ultimate  constitu- 
tion of  matter  or  the  nature  of  the  imponderable,^  the 


1  Helmholtz,  in  his  first  memoir 
on  the  thermo-dynamics  of  chemi- 
cal processes  ('Sitzungsberichte  der 
Akademie  zu  Berlin,'  2nd  February 
1882),  after  having  established  the 
f ormulse  for  the  free  energy  in  iso- 
thermal processes  without  reference 
to  kinetic  hypothesis,  concludes  his 
exposition  with   the  following  re- 
marks :    "  We   require,   finally,   an 
expression  in  order  to  be  able  to 
distinguish  clearly  what  in  theoreti- 
cal mechanics  is  termed  vis  viva  or 
actual  energy  from  the  work  equiva- 
lents  of    heat,   which    are    indeed 
mostly  to  be  regarded  likewise  as 
vis  viva  of  invisible  molecular  mo- 
tion.     I   would   suggest   that   the 
former   should   be   called    the    vis 
viva    of    orderly    motion.      I    call 
orderly   all   motion   in   which    the 
compounds     of     velocity    of     the 
moving    masses    are    differentiable 
functions  of  the  space  co-ordinates. 
Disorderly  motion  would  then  mean 
all  motion  in  which  the  motion  of 
each  particle  has  no  similarity  to 
that  of  its  neighbours.     We  have 


every  reason  to  believe  that  heat- 
motion  is  of  the  latter  kind,  and  one 
might  in  this  sense  regard  entropy 
as  the  measure  of  disorder.  For 
our  means,  which  compared  with 
molecular  structure  are  coarse,  only 
orderly  motion  can  be  freely  con- 
verted again  into  other  forms  of 
mechanical  work"  (*  Wissenschaftl. 
Abhandl.,'  vol.  ii.  p.  972). 

2  "I  am  afraid  it  is  not  possible 
to  explain  all  the  properties  of 
matter  by  the  vortex-atom  theory 
alone  —  that  is  to  say,  merely  by 
motion  of  an  incompressible  fluid ; 
and  I  have  not  found  it  helpful  in 
respect  to  crystalline  configurations, 
or  electrical,  chemical,  or  gravita- 
tional forces.  ...  We  may  expect 
that  the  time  will  come  when  we 
shall  understand  the  nature  of  an 
atom.  With  great  regret  I  abandon 
the  idea  that  a  mere  configuration 
of  motion  suffices"  (Lord  Kelvin, 
quoted  by  Prof.  S.  AV.  Holman  in 
♦  Matter,  Energy,  Force,  and  Work,' 
New  York,  1898,  p.  226). 
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foremost  intellects   are   still   busy  in   working    this  to 
them  promising  vein  of  reasoning. 

The  opponents  of  the  kinetic,  mechanical,  or  material 
views  of  natural  phenomena  have  always  existed :  in  the 
early  years  of  the  century  they  described  their  view  by 
the  word  "  dynamic."  At  that  time  it  was  the  atomic 
theory  they  principally  objected  to.  But  their  criticisms, 
though  not  without  use  in  exposing  the  limited  nature 
of  all  mechanical  explanations,  failed  to  yield  any  fruits, 
inasmuch  as  they  moved  in  vague  expressions  and  did 
not  lend  themselves  to  that  powerful  method  by  which 
alone  the  conquest  of  nature  has  been  effected,  viz.,  mathe- 
matical reasoning,  combined  with  observation. 

The  more  recent  critics  of  the  mechanical  interpreta-  ^^^^^^ 
tion  of  physical  phenomena,  among  whom   I  will  only  ^ecjxanicai 
mention    Prof.  Ostwald   of    Leipzig,   Prof.   G.   Helm   of 
Dresden,  and   Prof.  Ernst  Mach  of  Yienna,^   are  fully 


1  "  With  reference  to  the  vortex- 
atom  theory,  I  do  not  know  of  any 
phenomenon  which  is  manifestly 
incapable  of  being  explained  by  it ; 
and  personally  I  generally  endeav- 
our (often  without  success)  to 
picture  to  myself  some  kind  of 
vortex-ring  mechanism  to  account 
for  the  phenomenon  with  which  I 
am  dealing.  ...  I  regard  the 
vortex-atom  explanation  as  the  gaol 
at  which  to  aim,"  &c.  (Prof.  J.  J. 
Thomson,  quoted  ibid.) 

-  Prof.  Ernst  Mach  is  the  earliest 
of  these  writers  and  had  worked  on 
quite  independent  lines  before  the 
other  two  names  began  to  figure  in 
scientific  literature.  His  criticisms 
refer  both  to  metaphysical  and 
mechanical  theories.  His  position 
is  original  and  unique,  and  his 
writings,  which  are  a  splendid 
example  of  critical   and   historical 


analysis,  have  been   invaluable   to 
me.     His  earliest  important  essays 
date  from  the    year    1872    ('Die 
Geschichte    und    die    Wurzel     des 
Satzes    von     der    Erhaltung    der 
Arbeit,'    and   'Die    Gestalten    der 
Fliissigkeiten,'    Prag).      They    are 
now    generally    accessible,    having 
been     collected     and      translated 
(under   the   title    'Scientific    Lec- 
tures,'   Chicago,    1895)    by    Prof. 
T.  J.  M'Cormack.     His  '  Science  of 
Mechanics '  (translated  by  the  same 
author  from   the    second   German 
edition,  London  and  Chicago,  1893) 
has,  ever  since  its  first  appearance 
in   1883,  had  a  great  influence  in 
Germany  ;  and  latterly  also  in  this 
country,  as  may  be  seen  from  such 
works     as    Prof.     Karl     Pearson's 
'Grammar    of   Science'    (1st    ed., 
1892,   p.   387),    and   notably   from 
Prof.  Love's   'Dynamics'   (p.    85).   • 
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aware  of  the  importance  of  mathematical  presentation  of 
their  doctrine,  and  the  two  former  have  in  fact  done 
more  than  any  one  else  to  introduce  mathematics  into 
chemistry.  But  they  maintain  that  their  exact  treatment 
is  not  arrived  at  by  introducing  hypothetical  quantities 
such  as  the  atomic  and  other  theories  are  founded  upon, 
but  by  contenting  themselves  with  measuring  such  quan- 
tities as  are  presented  directly  in  observation,  such  as 
energy,  mass,  pressure,  volume,  temperature,  heat,  elec- 
tric potential,  &c.,  without  reducing  them  to  imaginary 
mechanical  or  kinetic  quantities.^     To  what  extent  they 


A  great  many  aspects  of  physical 
science  which  have  been  more 
prominently  brought  forward  by 
the  modern  school  of  "  Ener- 
getics "  are  to  be  found  discussed 
in  Mach's  much  earlier  writings. 
To  his  valuable  '  Principien  der 
Wiirmelehre'  (Leipzig,  1896)  I  have 
frequently  had  occasion  to  refer  in 
this  chapter. 

^  In  recent  discussions  and 
treatises  two  distinct  tendencies 
must  be  distinguished.  First  we 
have  the  very  useful  effort  to  bring 
about  a  correlation  of  the  differ- 
ent departments  of  physics  and 
chemistry,  including  their  applica- 
tions in  industry  and  in  physi- 
ology, by  the  introduction  of  the 
conception  of  energy  and  the 
principles  of  its  conservation  and 
transformation.  This  dates  prac- 
tically from  the  publication  of 
Thomson  and  Tait's  *  Natural 
Philosophy.'  The  theoretical 
foundations  of  this  undertaking 
have  been  very  fully  discussed, 
notably  in  Germany.  I  mention 
only  the  valuable  series  of  writ- 
ings of  Prof.  Max  Planck,  a  list 
of  which  is  contained  at  the  end 
of  his  '  Thermodynamik '  (Leipzig, 
1897).  They  begin  with  his  prize 
essay  ('  Das  Princip  der  Erhaltung 


der  Energie,'  1887)  and  his  earlier 
dissertation    (Munich,    1879)   '"On 
the  Second  Law."     Out  of  this  an- 
other endeavour  has  grown.     The 
aim    is    to    make    the    conception 
of  energy  the  fundamental  notion, 
and  by  following  its   physical  ap- 
pearance   in    its    different    forms, 
to  arrive   at  certain    fundamental 
relations    expressed    in    equations, 
which  are   to   serve    as   the    basis 
for  calculation,  as  in  conventional 
physics    the    dynamical    equations 
formed  the  starting-point  for  the 
various  physical  theories.     In  this 
more  radical  scheme  the  quantity 
"  energy  "  was  to  play  a  part  similar 
to  that  which  the  quantity  "  force  " 
played     in    Newtonian     dynamics. 
This    method   was    probably    sug- 
gested    by    the     novel     mode    of 
treatment   invented   originally   for 
heat  -  problems    by    Lord    Kelvin 
and  by  Clausius,  and  most  strictly 
adhered   to  by  the   former.      The 
isolated  character  of  this  classical 
thermo- dynamics  can  be   got  over 
either     by    introducing    a    kinetic 
hypothesis  on   the  nature  of  heat 
or    by   extending    the    method  of 
thermo-dynamics  to  other  physical 
provinces.      The    former  was    the 
most    plausible   view ;    it    has    its 
origin  in  the  writings  of  Ranfeine 
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may  succeed  in  doing  this  consistently  seems  at  present 
uncertain.  It  has  been  maintained  that  the  very 
elements  of  all  physical  measurement,  the  independ- 
ence of  the  three  dimensions  in  space,  necessitates  us 
to  supplement  the  energy-conception— which  by  itself 
includes  no  more  reference  to  direction  than  the  con- 
ception of  mass— by  an  assumption  of  a  purely  mechani- 
cal nature  such  as  the  number  of  degrees  of  freedom, 
and  that  the  much-discussed  correlation  of  all  forms  of 
energy,  as  it  is  suggested  by  W.  Gibbs's  formulae,  cannot 
be  usefully  carried  farther.     This  correlation  ^  has  been 


and  Clausius.     The  latter  method 
grew  out  of  the  gradual  application 
,of  thermo-dynamics   to  chemical 
'phenomena,  where  the  mechanical 
(treatment   had   turned   out  to   be 
powerless.      This   more    ambitious 
scheme  of   remodelling   the  whole 
of    physics,    chemistry,    and     me- 
chanics   on     the     model     of     the 
classical     thermo  -  dynamics     dates 
from  the  year    1887,    when   Prof. 
Georg    Helm    published    his    first 
treatise  ('Die  Lehre  von  der  En- 
ergie,'   Leipzig)    and    revived    the 
word    "  energetics "    invented     by 
Raukine.       Subsequently   he    pub- 
lished his  application  to  chemistry 
('Grundziige   der    mathematischen 
Chemie,'      Leipzig,     1894),      very 
much     under     the     influence     of 
Willard   Gibbs's   studies   of   chem- 
ical equilibria  and   Duhem's   elab- 
oration of  Helmholtz's   conception 
of   free    energy.      His    last   work 
('Die    Energetik,'    Leipzig,    1898) 
gives    a    history    of    the     gradual 
purification  of  the  energy  concep- 
tion from   mechanical  admixtures, 
into  which   all   earlier  writers   on 
the  subject    except    Lord    Kelvin 
are    shown    to    have    lapsed,    and 
attempts  a   reconstruction  of  me- 
chanics on  "energetic"  principles, 
defending    the     author's    position 


against    various     criticisms    which 
had  meantime  been  made. 

^  The  great  generalisation  of  the 
science  of  energetics  referred  to  in 
the   text  was   first   explicitly   put 
forth  by  Helm  in  his   treatise   of 
1887.      He  himself  holds   that  he 
there  finally  brought  together  sug- 
gestions made  in  various  ways  by 
Zeuner  (1866),  Mach  (1871),  Gibbs 
(1875),  Maxwell  (1875),  Von  Oettin- 
gen  (1885),  and  Popper  (1884),  and 
expressed  them  iiTthe  form  of   a 
general  principle.     The  two  factors 
into  which  all  energy  can  be  sep- 
arated are  called  by  various   sub- 
sequent writers  intensity,  potential 
level  on  the  one   side^;    extensity, 
capacity,    weight,    on    the    other. 
In  spite  of  further  expositions  of 
Helm  in  1890  the  subject  did  not 
attract   much    attention   till    Prof. 
Ostwald  introduced  it  in  a  slightly^ 
modified  form  in  the  second  edition 
of  his  great  work  on  physical  chem- 
istry (1893),  making  it  the  founda- 
tion  of    the    doctrine   of    afl&nity. 
He    had    evidently,    between    the 
first  and  second  editions,  given  up 
the     mechanical    for     the    "ener- 
getic"  treatment  of    the    subject 
(see,   inter    alia,   note    2,   p.    114, 
of  the  2nd  edition  ;  vol.  ii.  p.  12). 
At  the    meeting   of    the    German 
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placed  at  the  summit  of  the  modern  theory  of  energetics 
by  Helm  and  Ostwald,  after  earlier  writers,  such  as 
Zeuner  and  Mach,  had  already  used  it  or  drawn  atten- 


"  Naturforacherversammluug,"  held 
at  Vienna  in  1894,  a  committee 
was  appointed  to  report  in  1895 
at  Liibeck  on  the  *'  actual  position 
of  energetics,"  and  the  introduc- 
tion of  the  subject  was  put  into 
the  hands  of  Dr  Helm.  His  ad- 
dress and  the  discussion  which 
followed  have  been  given  in  extract 
in  the  published  '  Verhandlungen  ' 
(vol.  ii.  part  1,  p.  28,  &c.),  and 
since  continued  in  'Wiedemann's 
Annalen,'  vols.  Ivii.  et  seqq.  Simul- 
taneously, however,  the  subject 
received  a  much  more  fundament- 
al   or     philosophical    development 

U' through  Prof.  Ostwald's  general 
address  at  Liibeck  with  the  some- 
what polemical  title  "  Die  Ueber- 
wiudung  des  wissenschaftlichen 
Materialismus. "  From  that  mo- 
ment the  mechanical  view  of 
nature  bore  the  stigma  of  ma- 
terialism, to  which  the  other 
aide  replied  by  attaching  to  the 
new  or  energetic  view  the  stigma 

»  of  ''  metaphysical "  (see  Planck, 
^  *Wied.  Ann.,'  vol.  Ivii.  p.  77)  as 
being  scientifically  vague  and 
useless.  It  cannot  be  said  that 
the  whole  matter  has  yet  been 
fully  discussed  or  fathomed.  Prof. 
Boltzmann,  Prof.  Carl  Neumann, 
and  Dr  Helm  have  treated  the 
questions  at  stake  with  much 
patience,  and  have  made  valuable 
approaches  to  a  mutual  under- 
fetanding.  The  various  contrib- 
utions are  most  fully  discussed 
in  Helm's  latest  work,  *  Die  En- 
ergetik  '  (Leipzig,  1898).  Some  of 
those  who  originally  assisted  in 
introducing  the  energetic  treat- 
ment have  since  refused  to  go  the 
length  of  Helm's  and  Ostwald's  final 
generalisations,  though  they  prefer 
— for  the  purpose  of  the  treatment 


of  thermo-dynamical  and  chemical 
problems  —  the  phenomenological 
method,  admitting  at  the  same 
time  the  usefulness  of  the  atomic 
and  mechanical  hypotheses,  though 
some  do  not  look  upon  them  as 
indispensable.  This  phenomeno- 
logical  view,  which  deals  only 
with  observable  and  measurable 
quantities,  in  contradistinction  to 
the  atomic  and  kinetic  views,  ^ 
is  largely  represented  by  Prof.^ 
Nemst  (see  his  '  Theoretical  Chem- 
istry,' translated  by  Palmer, 
London,  1895,  p.  22),  and  by 
Prof.  Planck,  (see  his  '  Thermo- 
dynamik,'  Leipzig,  1897),  though 
the  latter  considers  it  merely 
provisional,  a  stepping  -  stone  iu 
the  direction  of  a  mechanical 
view  (p,  V,  preface).  Prof.  Boltz- 
mann has  summed  up  the  position 
from  a  general  point  of  view  in 
his  address  at  Munich  in  1899. 
He  there  very  lucidly  defines  the 
mechanical,  energetic,  and  pheno- 
menological positions,  admitting 
the  usefulness  of  all  three,  but  also 
points  out  the  fundamental  diffi- 
culties into  which  a  one-sided  and 
exclusive  development  of  any  of 
them  unavoidably  leads  us.  Hav- 
ing himself  done  so  much  in  ap- 
plying atomic  theories,  he  con- 
cludes by  saying  that  * '  the 
numerous  conquests  of  the  atomic 
doctrine  cannot  be  won  by  pheno- 
menology or  energetics,"  and  main- 
tains "that  a  theory  which  yields 
something  that  is  independent 
and  not  to  be  got  in  any  other 
way,  for  which,  moreover,  so  many 
physical,  chemical,  and  crystallo- 
graphie  facts  speak,  must  not  be 
combated  but  further  developed" 
('  Verhandlungen  der  Versamm- 
lung  zu  Miinchen,'  1899,  p.  121). 


tion  to  it.  It  can  be  set  out  in  the  statement  that 
wherever  energy  shows  itself  it  appears  as  composed  of 
two  factors  —  the  intensity  and  the  capacity  factors. 
These  terms,  borrowed  from  the  older  theories  of  heat 
and  electricity,  measure  the  quantity  of  energy  as  well  as 
the  direction  in  which  changes  of  energy  take  place :  the 
general  law  being  that  energy,  in  whatever  form  it  j 
may  appear,  tends  to  go  from  places  of  higher  to  places 
of  lower  potential  or  intensity. 

The  characteristic  feature  of  this  most  recent  outcome       52. 

The  out- 

of  the  physical  view  of  natural  phenomena  is  that  it  ^°^^' 
takes  in  real  earnest  the  suggestion  at  which  many 
natural  philosophers  have  independently  arrived,  that 
energy  is  a  substance  quite  as  much  as  matter.  This 
granted,  it  seems  at  least  reasonable  to  some  thinkers  to 
see  how  far  they  can  get  by  employing  the  two  con- 
ceptions of  matter  and  energy  alone  without  adopting 
a  third  something,  the  ether,  which  was  introduced  at 
a  time  when  the  idea  of  the  conservation  of  energy 
had  not  yet  been  formulated.^ 


^  For  an  indication  of  the  further 
development  of  this  point  of  view  I 
must  refer  the  reader  to  the  chapter 
on  Photo  -  chemistry  in  Prof.  Ost- 
wald's great  work  ('AUg.  Chemie,' 
2nd  ed.,  vol.  ii.  part  1,  p.  1014,  &c.) 
"In  the  interest,"  he  says,  "of  a 
conception  of  nature  which  is  free 
from  hypotheses,  we  must  ask 
whether  the  assumption  of  that 
medium,  the  ether,  is  unavoidable. 
To  me  it  does  not  seem  to  be  so. 
If  we  ask  for  the  cause  of  all  dis- 
placements of  energy  in  space 
which  we  can  singly  observe,  we 
find  that  it  always  consists  in  diflfer- 
ences  of  intensity.  .  .  .  The  main 
point    is    that,    having     conceived 


energy  to  be  a  real  thing,  indeed 
the  only  real  thing  in  the  so-called 
outer  world,  there  is  no  need  to  . 
inquire  for  a  carrier  of  it  when  we 
find  it  anywhere.  This  enables  us 
to  look  upon  radiant  energy  as  in-  "^ 
dependently  existing  in  space.  We 
have  found  in  the  general  law  of 
intensity  —  i.e.,  in  the  empirical 
fact  that  energy  tends  to  equalise 
forced  changes  of  its  density  in 
space  —  the  principle  according  to 
which  transmission  of  eneigy  in 
space  necessarily  takes  place  when 
there  appears  anywhere  an  excess." 
From  this  and  other  passages  of 
Prof.  Ostwald's  writings  it  seems 
as  if  mass  likewise  was  to  be  given 
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58.  But  whilst   the  question   as   to  the   true   method  of 

Recent 

triumphs  of  physical  research  is  still  being  ventilated  abroad,  as  it 

atomic  view.  ^    '^  *-'  ^  « 

has  recently  begun  to  be  in  this  country  also/  the 
mechanical  conceptions  of  atoms  and  ether  have  quietly 
gained  new  victories.  At  the  end  of  the  last  chapter 
I  related  how,  in  the  hands  of  Maxwell  and  his  fol- 
lowers, the  word  "  electricity "  gradually  lost  its  sub- 
stantial meaning,  so  that  there  remained  only  the  con- 
ception of  a  state  of  motion  or  stress  in  the  electro- 
magnetic field,  it  being  difhcult  to  assign  a  definite 
sense  to  the  term,  an  electric  charge.  That  those  who 
were  brought  up  under  the  ideas  of  Coulomb  and  Weber 
would  naturally  regard  this  as  a  defect  has  also  been 
noted.  Still  more  had  the  substantial  nature  of  elec- 
tricity been  forced  upon  those  who  studied  the  electro- 
lytic action  of  solutions  and  currents,  the  wandering  of 


up  as  a  secondary  phenomenon  of 
energy.  See  Boltzraann,  loc.  cit., 
last  note,  p.  114,  &c.  ;  also,  inter 
alia,  Dr  R.  Pauli,  '  Der  erste  und 
zweite  Hauptsatz,'  Berlin,  1896, 
preface. 

^  The  discussions  which  began  in 
Germany  in  the  year  1895  at  the 
meeting  at  Liibeck,  and  have,  after 
being  continued  at  subsequent 
meetings,  and  in  the  volumes 
of  the  'Annalen  der  Physik  und 
Chemie,'  come  to  a  kind  of  stand- 
still by  the  exhaustive  treatise 
of  Helm  on  the  one  side  and 
by  Boltzmann's  summing  up  on 
the  other,  do  not  seem  to  have 
attracted  much  attention  in  this 
country.  Interest  in  the  subject 
was,  however,  latterly  aroused 
by  two  criticisms  of  the  princi- 
ples of  scientific  method  coming 
from  entirely  diflferent  quarters. 
The  first,  which  was  of  a  purely 
philosophical    character,    was    con- 


tained in  Prof.  James  Ward's  '  Gif- 
ford  Lectures'  (1896-98),  published 
in  two  volumes  with  the  title 
*  Naturalism  and  Agnosticism. ' 
The  other  was  an  Address  deliv- 
ered by  M.  Poincare  at  the 
Congress  of  Physicists  in  Paris  in 
1900.  In  consequence,  the  subject 
of  the  legitimacy  of  the  various 
physical  principles,  such  as  actioa 
at  a  distance,  atomism,  kinetic  and 
ether  theories,  the  use  of  mechanical 
models,  and  many  kindred  ques- 
tions, have  been  discussed  in  the 
Addresses  of  Poynting  (1899),  Lar- 
mor  (1900),  and  Rucker  (1901), 
before  the  British  Association,  with 
a  very  emphatic  attestation  of  the 
usefulness  and  indispensableness  of 
the  atomistic  theory  regarding  the 
constitution  of  matter,  and  the 
view  that  a  continuous  ether  is 
the  carrier  of  all  physical  actions 
through  space. 


the  ions,  and  how,  during  the  process,  wandering  atoms 
gave  up  or  lost  a  definite  something — viz.,  their  electrical 
charges.  It  seemed  impossible  in  this  case  to  do  without 
an  atomic  or  molecular  view  of  electricity.  Accordingly, 
Helmholtz,  in  his  celebrated  Faraday  Lecture  (1881), 
after  having  traced  the  gradual  displacement  of  the 
Weberian  theory  of  electrical  particles  acting  at  a 
distance  by  that  of  Faraday,  feels  himself  constrained 
to  say :  "  I  see  very  well  that  the  assumption  of  two 
imponderable  fluids  of  opposite  qualities  is  a  rather 
complicated  and  artificial  machinery,  and  that  the 
mathematical  language  of  Clerk  Maxwell's  theory  ex- 
presses the  laws  of  the  phenomena  very  simply  and 
very  truly ;  .  .  •  but  I  confess  I  should  really  be  at  a 
loss  to  explain  .  .  .  what  he  considers  as  a  quantity 
of  electricity,  and  why  such  a  quantity  is  constant,  like 
that  of  a  substance."  And  further  on  he  says  :  "  If  we 
accept  the  hypothesis  that  the  elementary  substances 
are  composed  of  atoms,  we  cannot  avoid  concluding 
that  electricity  also  ...  is  divided  into  definite 
elementary  portions,  which  behave  like  atoms  of  elec- 
tricity." 

Besides  the  phenomena  of  chemical  decomposition,  ^^^m. 
there  was  another  very  large  and  important  class  of  f^^'^^'^^l^ 
phenomena  which  gradually  led  up  to  the  conception 
of  the  substantial  and  atomic  nature  of  electricity. 
This  province  of  independent,  and  for  a  long  time 
isolated,  research  was  opened  out  by  the  combined 
genius  of  Plucker  and  Geissler.  It  was  in  the  year 
1857,  two  years  before  the  announcement  of  the  dis- 
covery  of    spectrum    analysis,   that    Plucker,   with    the 
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aid  of  the  now  well-known  vacuum  tubes  of  Geissler,^ 
of  Bonn,  began  that  long  series  of  experiments  on  the 
discharge  of  electricity  in  rarefied  gases,  on  the  influence 
of  magnets  upon  the  course  of  the  luminous  rays,  and  on 
the  spectra  of  incandescent  gases,  which  subsequently, 
in  the  hands  of  Sir  William  Crookes  ^  in  this  country, 
of  Hittorf,  Goldstein,  Elster  and  Geitel,  and  of  Giese  in 
Germany,  and  of  a  great  number  of  other  natural  phil- 


^  See  the  Memoir  of  Pliicker  in 
the  '  Annalen  der  Physik  und 
Chemie'  (1857) ;  *'  Ueber  die  Ein- 
wirkung  des  Magneten  auf  die 
elektrischen  Entladungen  in  ver- 
diinnten  Gasen "  (reprinted  in 
*  Gesammelte  wissenschaftliche  Ab- 
handlungen,'  vol.  ii.  p.  476,  &c.) 
Before  Pliicker  took  up  the  investi- 
gation with  improved  means  of 
exhaustion  (later  perfected  by  the 
well-known  Sprengel  pump),  several 
French  experimentalists  —  notably 
Quet,  Gassiot,  and  Abria — had  in- 
dependently marked  the  difference 
of  the  light  near  the  positive  and 
negative  poles,  mostly  in  ignorance 
of  the  observations  recorded  by 
Faraday  in  his  early  "  Experi- 
mental Researches,"  as  far  back 
as  1838,  referring  to  the  "dark 
discharge."  Lord  Kelvin,  in  his 
Presidential  Address  before  the 
Royal  Society  (November  1893),  re- 
fers to  the  researches  of  Faraday, 
and  to  a  long  list  of  contributions 
to  the  same  subject  contained  in  the 
Proceedings  and  Transactions  of 
the  Royal  Society.  Except  those 
of  Faraday,  they  are  all  later 
than  Pliicker's  earliest  papers. 
Lord  Kelvin  himself  says  :  "  Fifty 
years  ago  it  became  strongly  im- 
pressed on  my  mind  that  the  differ- 
ence of  quality  between  vitreous 
and  resinous  electricity,  ...  es- 
sentially ignored  as  it  is  in  the 
mathematical  theories  .  .  .  with 
which  I   was  then  much  occupied 


(and  in  the  whole  science  of  mag- 
netic waves  as  we  have  it  now), 
must  be  studied  if  we  are  to  learn 
anything  of  the  nature  of  electricity 
and  its  place  among  the  properties 
of  matter. "  Cf .  the  words  of  Hit- 
torf (Pogg.  '  Ann.,'  vol.  cxxxvi.  p.  1), 
quoted  by  Rosenberger,  '  Geschichte 
der  Physik,'  vol.  iii.  p.  778. 

2  The  experiments  and  discov- 
eries of  Sir  W,  Crookes  on  "  Radiant 
Matter,"  beginning  with  his  paper 
in  the  '  Transactions  '  in  December 
1878,  and  continued  in  many  sub- 
sequent communications,  as  also  in 
his  Address  before  the  Brit.  Assoc. 
in  1879,  especially  his  theoretical 
explanations  based  upon  concep- 
tions taken  from  the  kinetic  theory 
of  gases,  made  a  great  sensation  and 
led  to  much  discussion  in  this  coun- 
try and  abroad.  The  term  Radiant 
Matter  was  adopted  from  Faraday 
(see  Rosenberger,  loc.  cit.,  vol.  iii. 
p.  779).  The  corpuscular  theory 
of  light  was  not  indeed  revived ; 
but  in  general,  after  much  criticism, 
Crookes's  views  have  to  a  large  ex- 
tent been  adopted  ;  and  if  not  the 
corpuscular  theory  of  light,  cer- 
tainly that  of  electricity  has  been 
greatly  supported  by  these  brilliant 
experiments.  See  J.  J.  Thomson  in 
the  Princeton  Lectures  (1898),  p. 
189  sqq.,  and  Prof.  Kaufmann's 
Address,  delivered  at  the  Hamburg 
meeting  in  September  1901  (trans- 
lated in  the  *  Electrician '  of  Nov- 
ember 8,  1901). 


osophers,  revealed  a  large  array  of  strange  and  startling 
phenomena,  which  have  latterly  been  brought  somewhat 
into  line  and  order  by  the  researches  of  Prof.  J.  J.  Thom- 
son,^ of  Cambridge.  A  great  many  half- forgotten  facts 
and  experiments,  which  did  not  fit  into  the  regular  pro- 
gramme of  electrical  science  or  practice  as  it  had  been 
elaborated  by  the  older  doctrine  of  Coulomb  and  Weber 
on  the  one  side,  or  by  the  more  modern  of  Faraday  and 
Maxwell  on  the  other,  were  collected  and  shown  to 
throw  quite  a  new  light  on  the  processes  of  radiation 
and  electrification,  and  on  the  relations  of  the  atoms  of 
ponderable  matter  to  the  vacuum,  now  looked  upon  as 
filled  with  a  continuous  substance,  viz.,  the  ether.  The 
older  views  of  the  two  electricities,  brought  before 
the  eye  by  the  celebrated  figures  of  Lichtenberg ;  ^ 
many  isolated  facts  connected  with  the  electric  spark 
and  statical  electricity,  such  as  were  collected  by  Kiess 
seventy  years  ago,  or  demonstrated  in  the  hydro- electric 
machine  of  Armstrong  ;  theories,  many  times  abandoned 


^  Impressed  with  the  importance 
which  attaches  to  the  phenomena  in 
question  for  a  further  development 
of  the  theory  of  electricity  founded 
by  Faraday  and  Maxwell,  Prof.  J.  J. 
Thomson,  in  his  *  Researches,'  pub- 
lished in  1 893  as  a  sequel  to  Max- 
well's great  treatise,  devoted  a 
long  chapter  to  "The  Passage  of 
Electricity  through  Gases."  His 
own  celebrated  contributions  to 
this  subject,  after  having  been 
published  in  the  '  Philosophical 
Magazine,'  and  brought  before  the 
Dover  meeting  of  the  British  As- 
sociation in  1899,  are  now  summar- 
ised in  his  lectures  on  "The  Dis- 
charge of  Electricity  through  Gases" 
(1898).  A  very  interesting  earlier 
summary     of     the    researches     of 


others  as  well  as  of  their  own  by 
Elster  and  Geitel,  will  be  found  in 
the  'Annalen  der  Physik'  (1889), 
vol.  xxxvii.  p.  315  sqq. 

2  Whilst  the  differences  between 
the  discharges  from  the  positive  and 
negative  terminals,  after  having 
for  a  long  time  been  looked  upon 
as  isolated  curiosities  of  electrical 
science,  were  being  taken  up  and 
studied  in  connection  with  the 
subject  here  referred  to  (see  J.  J. 
Thomson,  'Researches,'  p.  172  sqq.), 
Lord  Armstrong,  during  the  past 
ten  years  of  his  long  and  eventful 
life,  carried  on  a  series  of  experi- 
ments on  a  large  scale,  and  with 
very  powerful  specially  designed 
apparatus,  on  *  Electrical  Discharge 
in  Air  and  Water '(1895). 
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and  as  often  revived,  like  that  of  Prout,^  on  the  con- 
stitution of  matter ;  the  fanciful  speculations  of  ZoUner, 
based  upon  the  views  of  Wilhelm  Weber, — all  these 
scattered  fragments  or  glimpses  of  knowledge  promise 
at  the  end  of  the  century  to  come  together  into  a  con- 
sistent theory  of  the  nature  of  electricity  as  an  atomi- 
eally  -  constituted  substance  which  is  associated  with 
particles  of  ponderable  matter,  or  may  even  be  the 
ultimate  constituent  of  such  matter  itself.  When  a 
large  mass  of  experimental  facts  and  many  lines  of 
special  reasoning  gradually  converge  towards  a  common 
view,  two  things  are  indispensable  in  order  to  weld  them 
into  a  consistent  whole,  viz.,  a  new  name  or  vocab- 
ulary and  an  hypothesis  as  to  the  elementary  processes 
which  will  allow  of  a  simple  construction  and  subsequent 
mathematical  calculation  of  the  more  complicated  phen- 
omena of  actual  experience.     In  the  case  before  us,  both 


^  See  the  concluding  chapter  of 
Prof.  J.  J.  Thomson's  '  Discharge  of 
Electricity  through  Gases*  (espe- 
cially p.  197,  &c.),  where,  after  dis- 
cussing Goldstein's  '* ether"  theory 
and  Crookes's  "corpuscular"  theory 
of  the  nature  of  the  celebrated 
cathode  rays,  he,  mainly  on  the 
strength  of  his  own  and  Lenard's  ob- 
servations and  calculations,  inclines 
towards  the  latter  theory,  conclud- 
ing that  the  carriers  of  the  negative 
charges  of  electricity  "are  small 
compared  with  ordinary  atoms  or 
molecules,  .  .  .  this  assumption 
being  consistent  with  all  we  know 
about  the  behaviour  of  these  rays." 
"It  may,"  he  continues,  "appear 
at  first  sight  a  somewhat  startling 
assumption  in  a  state  more  sub- 
divided than  the  ordinary  atom ; 
but  a  hypothesis  which  would  in- 
volve somewhat  similar  assumptions 


— namely,  that  the  so-called  ele- 
ments are  compounds  of  some 
primordial  element — has  been  put 
forward  from  time  to  time  by 
various  chemists.  Thus  Prout  be- 
lieved that  the  elements  were  all 
made  up  of  the  atoms  of  hydrogen, 
while  Sir  Norman  Lockyer  has  ad- 
vanced weighty  arguments  founded 
on  spectroscopic  considerations  in 
favour  of  the  composite  nature 
of  the  so-called  elements.  With 
reference  to  Prout's  hypothesis, 
if  we  are  to  explain  the  cathode 
rays  as  due  to  the  motion  of  small 
bodies,  these  bodies  must  be  very 
small  compared  with  an  atom  of 
hydrogen,  so  that  on  this  view  the 
primordial  element  cannot  be  hydro- 
gen." See  also  Sir  W.  Crookes's 
protyle  theory  referred  to,  vol.  i. 
p.  402,  note  2. 


requisites  were  supplied  before  the  close  of  the  century. 
Here  and  abroad,  the  term  electron,  introduced  by  Dr  ^^  ^s.^ 
Johnstone  Stoney^  about  ten  years  ago,  has  been  gener-  "electron.' 
ally  accepted  to  denote  the  ultimate  particle  of  elec- 
tricity, the  atom  of  electricity — positive  or  negative — 
of  Helmholtz.  Mathematical  theories  have  been  worked 
out  independently  abroad  by  Prof.  H.  A.  Lorentz^  of 
Leyden,  and  in  this  country  by  Dr  Joseph  Larmor  ^  of 
Cambridge.* 


1  See  'British  Association  Report,' 
1891,  p.  574,  "On  the  Cause  of 
Double  Lines  in  Spectra,"  by  G. 
Johnstone  Stoney  :  "  The  lines  of 
the  spectrum  of  a  gas  are  due  to 
gome  events  which  occur  within 
the  molecules,  and  which  are  able 
to  affect  the  ether.  These  events 
may  be  Hertzian  discharges  be- 
tween molecules  that  are  differ- 
ently electrified,  or  they  may  be 
the  moving  about  of  those  irre- 
movable electric  charges,  the  sup- 
position of  which  offers  the  simplest 
explanation  of  Faraday's  law  of 
electrolysis.  .  .  .  Several  consider- 
ations suggest  that  the  source  of  the 
spectral  lines  is  to  be  sought  not 
in  the  Hertzian  discharges,  but 
in  the  carrying  about  of  the 
fixed  electric  charges,  which,  for 
convenience,  may  be  called  the 
electrons." 

-  Prof.  Lorentz's  principal  writ- 
ings are  the  two  memoirs,  "La 
Theorie  ^lectromagn^tique  de 
Maxwell  et  son  Application  aux 
Corps  mouvants  "  (Leyden,  1892), 
and  "Versuch  einer  Theorie  der 
electrischen  und  optischen  Erschei- 
nuugen  in  bewegten  Korpern " 
(Leyden,  1895).  His  first  labours, 
indeed,  go  back  to  the  year  1880. 

^  Dr  Larmor's  principal  publica- 
tions are,  "  A  Dynamical  Theory  of 
the  Electric  and  Luminiferous  Med- 
ium" ('Philos.  Transactions,'  1894) ; 

VOL.  n. 


Part  ii.,  "Theory  of  Electrons," 
1895;  Part  iii.,  "Relations  with 
Material  Media,"  1898  ;  and  his 
Adams  Prize  Essay,  "  ^ther  and 
Matter,  a  Development  of  the 
Dynamical  Relations  of  the  ^Ether 
to  Material  Systems  on  the  Basis 
of  the  Atomic  Constitution  of 
Matter"  (Cambridge,  1900).  Dr 
Larmor's  several  shorter  papers 
and  addresses,  to  which  I  shall 
refer,  are  very  helpful  as  intro- 
ducing one  into  this  novel  domain 
of  science. 

**  A  little  later  than  Lorentz  and 
Larmor,  Dr  Wiechert  of  Konigs- 
berg  began  (in  1896)  a  series  of 
publications  on  the  same  subject, 
with  the  aim  of  making  the  Max- 
wellian  conceptions  more  definite. 
With  him,  also,  the  problem  narrows 
itself  down  to  a  reconciliation  of 
the  continuity  of  the  ether  with 
the  atomic  nature  of  ponderable 
matter,  and  of  the  electrical  charges 
attached  to  it.  His  views,  to- 
gether with  a  historical  ana- 
lysis of  the  labours  of  his  great 
predecessors,  Coulomb,  Ampere, 
Biot  and  Savart,  Neumann,  Far- 
aday, Maxwell  (including  the 
formal  simplifications  introduced 
into  Maxwell's  scheme  by  O. 
Heaviside,  Hertz,  and  Poynting), 
Von  Helmholtz,  and  H.  A.  Lorentz, 
are  very  concisely  set  out  in  a 
memorial    essay  entitled   '  Grund- 
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Difficlmes  ^^^  theory  of  Maxwell  had  not  only  failed  to  give  a 
^L^Jjr"""'  definite  meaning  to  the  conception  of  a  charge  of  elec- 
tricity ;  it  had  also,  in  the  general  term  "  dielectric,"  some- 
what obliterated  the  clear  distinction  between  empty 
space  and  space  filled  with  insulating  matter,  such  as 
air.  Empty  space,  i.e.,  space  devoid  of  matter,  was  sup- 
posed to  be  filled  with  some  continuous  substance,  the 
ether,  which  was  the  seat  or  bearer  of  electric  and  mag- 
netic actions,  the  electro -magnetic  field.  When  the  only 
clearly  known  property  of  this  ether,  the  fact  that  it 
was  the  carrier  of  radiation  or  the  luminiferous  medium, 
was    identified  with  its  electro -magnetic    nature — light 

being  conceived  to  be  an  electro-magnetic  disturbance 

the  new  theory  had  to  attack  the  great  question  of  the 
relation  and  interaction  of  ether  and  matter,  in  which 
all  the  remaining  problems  of  physical  optics  seemed 
centred.^     How  was  the  electro-magnetic  theory  of  light, 


li 


lagen  der  Elektrodynamik,'  pub- 
lished on  the  occasion  of  the  un- 
veiling at  Gottingen,  in  1899,  of 
the  monument  erected  in  honour 
of  Gauss  and  Wilhelm  Weber.  It 
is  interesting  to  see  how,  from  ap- 
parently quite  independent  begin- 
nings, and  in  centres  far  removed 
from  each  other,  the  ideas  of  the 
atomic  nature  of  electricity  have 
almost  simultaneously  become  crys- 
tallised, and  have  united  them- 
selves with  the  great  experimental 
labours  emanating  from  Pliicker 
and  Crookes  to  give  rise,  at  the 
end  of  the  century,  'to  the  modem 
theory  of  electrons. 

^  One  of  the  most  important  of 
these  problems  is  the  question  to 
what  extent  the  ether  takes  part 
in  the  motion  of  ponderable  matter 
through  it.  Astronomical  aber- 
ration, discovered  by  Bradley,  and 


easily  explained  by  the  then 
current  projectile  theory  of  light 
(see  above,  chap.  vi.  p.  10,  note),  has 
caused  great  difficulty  to  the  un- 
dulatory  theory,  and  even  Sir 
George  Stokes,  whose  ideas  on  the 
subject  have  been  very  generally 
quoted  and  accepted,  would,  in  his 
Burnett  Lectures  on  Light  (1883), 
say  no  more  than  that  "according 
to  the  theory  of  undulations  .  .  . 
it  is  not  inexplicable"  (ed.  of  1887, 
p.  25).  That  the  electro-dynamic 
view  of  the  ether  should  take  up 
the  problem  was  most  natural,  and 
the  discussion  of  it  is  accordingly 
placed  at  the  opening  of  Loreutz's 
memoir  of  1895  ;  the  effect  of  the 
motion  of  the  earth  on  optical 
phenomena  having  already  been 
treated  by  him  in  1887.  Dr 
Larmor  treats  very  fully  of  this 
subject  in  the  first  section  of  his 


% 
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or  the  wave  theory  of  electricity,  to  deal  with  the  prob- 
lem of  ether  and  matter  ?     In  this   combined   scheme  ^^J^\^ 
what  and  where  were  the  electric  charges  or  units?     ^{f^^^^^^ 

On  the  Continent  the  labours  of  Prof.  H.  A.  Lorentz 
of  Ley  den,  and  the  almost  simultaneous  memoir  of  Von 
Helmholtz,  approached  this  subject  from  the  side  of 
certain  optical  problems,  notably  the  vexed  question 
whether  the  luminiferous  ether  is  stagnant,  or  par- 
ticipates in  the  movements  of  ponderable  matter  through 
it,  and  the  phenomena  of  dispersion.  These  writings 
have  formed  the  beginning  of  a  long  series  of  theoretical 
and  experimental  researches,  which  are  by  no  means 
concluded.  In  this  country  we  must  chiefly  consult 
the  many  and  highly  interesting  writings  of  Dr  Larmor 
for  a  fundamental  discussion  of  the  numerous  problems 
involved.  At  the  same  time  we  find  there  a  very 
thorough  criticism,  appreciation,  and  embodiment  of  the 
many  scattered  suggestions  and  contributions  of  English 
and  Continental  thinkers.  Dr  Larmor  starts  from  a 
beginning  which  is  peculiar  to  him.  He  finds  among  ^""^'^ 
the  older  theoretical  discussions  of  the  nature  of  the 
hmiiniferous  ether  one^  which  will  permit  of  such  an 


58. 
Dr  Lannor's 
ion. 


essay  "On  ^Ether  and  Matter," 
and  W.  Wien  has  quite  recently 
introduced  it  for  discussion  at 
the  "Deutsche  Naturforscherver- 
sammlung"  (Diisseldorf,  1898,  Ber- 
icht  i.  p.  49).  On  the  occasion  of 
this  discussion,  Prof.  Lorentz  said  : 
"  Ether,  ponderable  matter,  and, 
we  may  say,  electricity,  are  the 
building  stones  out  of  which  we 
compound  the  material  world,  and 
if  we  only  knew  whether  matter, 
in  its  motion,  carries  the  ether 
with  it  or  not^  a  way  would  have 
opened  by   which   we   could    pen- 


etrate a  little  deeper  into  the 
nature  of  those  building  stones 
and  their  mutual  action  "  {loc.  cit., 
p.  56). 

^  The  historical  traditions  of  Dr 
Larmor's  theory  seem  to  lie  in 
what  may  be  called  the  Dublin 
school  of  mathematical  physics, 
with  the  great  names  of  Rowan 
Hamilton  (vector  analysis),  Mac- 
Cullagh,  and,  in  recent  times,  the 
much  lamented  G.  F.  Fitzgerald. 
•'The  form  under  which  the 
atomic  electric  theory  is  intro- 
duced in  Dr  Larmor's  latest  essay 
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elaboration  as  admits  on  the  one  side  the  Maxwellian 
definitions  of  the  propagation  of  electro-magnetic  waves, 
and  on    the  other   the  definition   of   electrons   as  per- 
manent but  movable  states  of   twist   or   strain,  which 
form    the    atoms  of    electricity,   and   possibly,   in  their 
aggregate,    ponderable    matter   itself.      The    history   of 
thought  is   mainly   interested  in   this  latest   and  most 
comprehensive  "  theory  of  the  electric  and  luminiferous 
medium,"  because  it  is  almost  entirely  based  upon  that 
great   advance    in    physical    theory   which   we    owe    to 
Helmholtz    and    Lord    Kelvin,  "the    discovery    of    the 
types   of  permanent  motion,  which  could  combine  and 
interact  with  each  other  without  losing  their  individu- 
ality, though  each  of  them  pervaded  the  whole  field." 
This  has  rendered    possible  an  entirely   new   mode   of 
treatment,^  and  at  least  made  thinkable  the  reconciliation 
of  the  two  apparently  contradictory  notions  of  modern 
physics,    the    continuity    and     uniformity    of     the    all- 
pervading  ether  and  the  discontinuity  of  the  embedded 
particles    of    matter    and    electricity.     The    history   of 
thought  also  takes  further  note  that  these   latest  and 
yet  unfinished  theories  revert,  after  the  interval  of  thirty 


originally  presented  itself  ...  in 
the  course  of  an  inquiry  into  the 
competence  of  the  aether  devised 
by  MacCuUagh  to  serve  for  elec- 
trical purposes  as  well  as  optical 
ones"  C^Ether  and  Matter,'  p.  vi.) 
"No  attempt  was  made  to  ascer- 
tain whether  MacCuUagh's  plenum 
could,  in  addition  to  its  vibratory 
functions,  take  up  such  a  state  of 
permanent  strain  as  would  repre- 
sent the  electrostatic  actions  be- 
tween charged  conductors,  or  such 
state  of  motion  as  would  represent 


the  electro-dynamic  action  between 
currents.  The  first  hint  on  this 
side  of  the  matter  was  Fitzgerald's 
passing  remark  in  1880  ('Phil. 
Trans.,'  "On  the  Electro-magnetic 
Theory  of  Light"),  that  Mac- 
CuUagh's optical  equations  'are 
identical  with  those  of  the  elec- 
tro-dynamical theory  of  optics  de- 
veloped by  Maxwell '  "  (p.  78). 

1  See  Larmor's  Address  to  the 
British  Association  at  Bradford 
('Report,'  p.  624). 
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years,  to  the  older  and  apparently  abandoned  views  con- 
tained in  the  writings  of  Wilhelm  Weber,  who  dealt 
with  electric  particles  and  their  actions  at  a  distance. 
The  chasm  has  been  bridged  over  by  such  theories  as 
those  of  Lorentz  and  Larmor,  and  the  missing  link  sup- 
plied which  prevented  Gauss  ^  from  accepting  that 
theory  when  it  was  first  communicated  to  him  by  its 
author.^ 


1  See  above,  p.  67,  note,  where 
Gauss's  letter  is  quoted ;  also  Larmor, 
loc.  cit,  and  *^ther  and  Matter,'  pp. 
22  72  ;  '  Philos.  Transactions,'  vol. 
clxxxvi.  (1895),  p.  726  ;  H.  A.  Lor- 
entz, 'La  Th^orie  ^lectromagnetique 
de  Maxwell,'  1892,  p.  71  :  "  On  voit 
done  que,  dans  la  nouvelle  forme, 
la  theorie  de  Maxwell  se  rapproche 
des    anciennes    idees.      On     pent 
meme,   apr^s  avoir  etabli  les  for- 
rnules  assez  simples  .  .  .  regarder 
ces  formules  comme  exprimant  une 
loi    fondamentale     comparable    a 
celles  de   Weber   et  de    Clausius. 
Cependant,   ces   equations    conser- 
vent     toujours     I'empreinte     des 
principes  de  Maxwell."     Further  : 
Lorentz,   'Versuch   einer  Theorie,' 
&c.    (1895),    p.    8:    "In    general 
there  lies  in  the  assumptions  which 
I  make  in  a  certain  sense  a  return 
to  the  older  electric  theory.     The 
kernel  of  Maxwell's  views  is  hereby 
not  lost,  but  it  cannot  be  denied 
that  with  the  assumption  of  ions 
we  are  not  very  far  removed  from 
the  electrical  particles  with  which 
one  operated  formerly."     Wiechert 
('  Grundlagen  der  Electrodynamik,' 
p.  108)  expresses  himself  similarly. 
Lastly,  I  may  refer  to  Prof.  Kauflf- 
mann's  very    interesting    Address 
delivered     at    Hamburg,    Septem- 
ber 1891,  translated  in  the  '  Elec- 
trician'    (November    1901,    p.    95 
sqq.)»  So  we  may  perhaps  say  that 
as  Larmor  attaches  himself  to  the 
traditions  of    the    Dublin    school. 


Lorentz  and  other  continental 
representatives  of  the  atomic  view 
attach  themselves  to  the  school  of 
Gauss  and  Weber.  In  proof  that 
Weber's  ideas  never  died  out  in  the 
Gottingen  school,  see  Rieck's  Eloge 
of  WVoer,  Gottingen,  1897,  p.  27, 
and  a  very  significant  remark  in  the 
verdict  of  the  philosophical  faculty 
on  Planck's  Prize  Essay  ('Die  Erhal- 
tung  der  Energie,'  1887,  p.  10). 

2  It  would  be  unjust  to  dismiss 
this  subject,  the  overwhelming  im- 
portance of  which  becomes  evident 
if  we  glance  at  the  many  contri- 
butions which  fill  the  third  volume 
of  the  '  Rapports  pr^sentes  au  Con- 
gres    International    de    Physique' 
(Paris,  1900),  without  stating  that 
the  atomicjhfiOEjLoLfilfiC^ricity  not 
only  furnishes   the  very   keystone 
which  Gauss  was  looking  for  sev- 
enty  years   ago,   but   that  it  has 
also  stood  the  test  of  experimental 
verification  in  the  observation  by 
Zeemann  of  the  efiect  of  magnetism 
on    the    rays   of    light,   an    effect 
which  Faraday  sought  for  in  vain 
about  the  time  when  Gauss  was  in 
search  of  the  keystone  of  electro- 
dynamics.     A    very    concise    and 
interesting   account  of   Zeenaann's 
phenomenon  will  be  found  in  M. 
A.  Cotton's  monograph  "Le  Phen- 
omene  de  Zeemann"  ("Scientia," 
Phys.     Mathem.,      Paris,     1899) : 
"Comment  M.  Zeemann  a-t-il  eu 
I'idee   d'dtudier    avec   un   appareil 
de  polarisation    la    lumi^re  emise 
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59. 
Objections 
raised  by 
atomists. 


^i 


The  propounders  of  this  atomic  view  of  electricity 
very  naturally  look  with  little  favour  on  those  other 
theories  which,  under  the  name  of  energetics  or  pheno- 
menology, would  restrict  the  method  of  science  to  the  use 
of  only  such  quantities  and  data  as  can  be  actually  seen 
and  directly  measured,  and  which  condemn  the  introduc- 
tion of  such  useful  conceptions  as  the  atom,  the  electron, 
and  the  ether,  which  cannot  be  directly  seen  and  can 
only  be  measured  by  indirect  processes;  and  there  is 
no  doubt  that  the  century  ends  with  a  very  emphatic 
assertion  of  the  rights  and  the  legitimacy  of  the  atomic 
and  mechanical  views  of  nature,  regarding  the  energy 
principle  as  a  regulative  but  not,  by  itself,  a  constructive 
method  of  research  and  progress ;  for,  as  Dr  Larmor  says, 
"  If  a  molecular  constitution  of  matter  is  fundamental, 
energy  cannot  also  be  so.''^  Nevertheless  though  in 
many  ways  opposed,  the  two  views  of  nature  meet  at 
least  in  one  important  point.     Both  theories  have  been 


dans  le  champ  magnetique  ?  Ici 
encore,  la  theorie  vint  aider  I'ex- 
perience  ;  cette  fois,  c'est  h  H.  A. 
Lorentz  que  Ton  est  redevable  du 
resultat  obtenu.  II  est  juste  de 
dire  que  d'autres  considerations, 
par  exemple  celle  de  Lord  Kelvin  " 
(see  Tait,  Proc.  Royal  Soc,  Edin- 
burgh, 1875-76,  p.  118)  "auraient 
pu,  elles  aussi,  probablement  con- 
duire  a  cette  decouverte  de  la 
polarisation  des  raies.  Mais  en 
fait,  cette  decouverte  a  et^  faite 
grdce  k  I'intervention  de  la  theorie 
des  '  ions '  de  H.  A.  Lorentz.  Dans 
cette  theorie,  dit  M.  Zeemann,  on 
admet  qu'il  existe  dans  tons  les 
corps  de  petites  masses  ^lectrisees, 
ou  'ions,'  dont  les  mouvements 
constituent  tons  les  phenomenes 
electriques ;  les  vibrations  lum- 
ineuses  seraient  des  vibrations  de 
ces    ions.      L'etat    de    I'ether    est 


determine  enti^rement  par  la 
charge,  la  position  et  le  mouve- 
ment  de  ces  ions.  .  .  .  M.  Lorentz 
fit  reraarquer  que  les  bords  des 
raies  eiargies  devaient  etre  pol- 
arises. L'experience  permit  h 
Zeemann  de  verifier  cette  conclu- 
sion de  Lorentz  "  (p.  37). 

1  '.Ether  and  Matter,'  p.  286: 
"One  effect  of  admitting  a  mole- 
cular synthesis  of  dynamical  prin- 
ciples ...  is  to  depose  the  concep- 
tion of  energy  from  the  fundamental 
or  absolute  status  that  is  sometimes 
assigned  to  it.  .  .  .  We  can  know 
nothing  about  the  aggregate  or  total 
energy  of  the  molecules  of  a  mate- 
rial system,  except  that  its  numeri- 
cal value  is  diminished  in  a  definite 
manner  when  the  system  does  me- 
chanical work  or  loses  heat.  The 
definite  amount  of  energy  that  plays 
so  prominent  a  part  in  mechanical 


forced  to  consider  anew  the  ultimate  principles  of  all 
physical  reasoning,  notably  the  scope  and  validity  of  the 
Newtonian  laws  of  motion  and  of   the  conceptions   of 
force  and   action,   of   absolute   and   relative  motion,  as 
defined  or  implied  in  the  mechanical  scheme  which  is 
based  upon  them.       Also   with   their   increasing    com-  ^^jo-^^ 
plexity '  modern  dynamical  explanations  have  undoubt-  pd]£'j' 
edly,  to   every   impartial   observer,   acquired   a    ^^^^^^^  egp-* 
character  of  artificiality  which  suggests  the  question  to   ^°"" 
what  extent  all  such  mechanical  schemes  are  an  expres- 
sion of  actual  truths  or  merely  useful  illustrations.     For 
the  pursuit  of  scientific  research  this  question  is  perhaps 
of  little   importance :   a  method  is  a  correct  one  if  it 
leads  to  correct  results  verified  by  observation.     Philo- 
sophically, as  bearing   upon  the  processes,  powers,  and 
limits  of  human  reasoning,  the  question  is  all-important^     ( 
We  are  thus  led  beyond  the  province  of  scientific  into  ^^^  ei.^^ 
that  of  philosophic  thought.     In  future  chapters  we  shall  -pb-^a'' 
frequentlv  have  occasion  to  note  this  tendency  of  the       , 
purely  scientific  thought  of  the  century  to  lead  up  to       , 
philosophical  problems.     Wherever   this  is   the  case  a 
history  of  scientific  thought  may  legitimately  close  one       , 
of  its  chapters. 


and  physical  theory  is  really  the 
mechanically  available  energy.  .  .  • 
This  energy  is  definite,  but  is  not, 
like  matter  itself,  an  entity  that  is 
conserved  in  unchanging  amount. 
...  It  may  and  usually  does  di- 
minish, in  the  course  of  gradual 
physical  changes." 

^  The  three  volumes  of  the 
'Rapports,'  &c.,  mentioned  above, 
have  been  significantly  prefaced  by 
a  discourse  of  M.  Poincar^  on  the 
relations  of  experimental  and  ma- 
thematical physics,  in  which  he  in- 
sists upon  the  unity  and  simplicity 


of  nature    as   the  two   conditions 
which    make    generalisations    pos- 
sible and  useful.     With  special  ref- 
erence to  modern  electrical  theories, 
such  as  those  of  Lorentz  and  Larmor, 
which  he  had  already  criticised  in 
his  course  on   '  Electricite  et  Op- 
tique'  (2nd  ed.,  1901,  p.  577,  &c.), 
he  discusses  the  possibility  of  ulti- 
mate mechanical  explanations.     Of 
these,   according   to  his   view,  an 
'•  infinity  "  is  always  possible.     He 
asks  what  is  the  aim  we  are  follow- 
ing—"Ce  n'est  pas  le  mecanisme, 
le  vrai,  le  seul  but,  c'est  I'unite." 
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CHAPTEK  VIII. 

ON    THE   MORPHOLOGICAL    VIEW   OF   NATURE.. 

1.  The  different  aspects  of  nature  which  I  have  reviewed 
sciences.  in  the  foregoing  chapters,  and  the  various  sciences  which 
have  been  elaborated  by  their  aid,  comprise  what  may 
appropriately  be  termed  the  abstract  study  of  natural 
objects  and  phenomena.  Though  all  the  methods  of 
reasoning  with  which  we  have  so  far  become  acquainted 
originated  primarily  through  observation  and  in  the  re- 
flection over  things  natural,  they  have  this  in  common, 
that  they — for  the  purpose  of  examination — remove 
their  objects  out  of  the  position  and  surroundings  which 
nature  has  assigned  to  them :  that  they  abstract  them. 
This  process  of  abstraction  is  either  literally  a  process  of 
removal  from  one  place  to  another,  from  the  great  work- 
and  store-house  of  nature  herself,  to  the  small  workroom, 
the  laboratory  of  the  experimenter ;  or — where  such  re- 
moval is  not  possible — the  process  is  carried  on  merely  in 
the  realm  of  contemplation :  one  or  two  special  properties 
are  noted  and  described,  whilst  a  number  of  collateral  data 
are  for  the  moment  disregarded.  In  the  former  case,  it 
is  by  a  process  of  actual  or  physical,  in  the  latter  by  one 
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of  purely  mental,  abstraction  that  our  study  begins  and 
is  prosecuted.     One  very   powerful   instrument  of   re- 
search, where  through  size  and  distance — be  they  very 
great  or  very  small— objects  of  nature  are  beyond  our 
actual  reach,  is  given  us  in  the  diagram  and  the  model. 
There  we,  for  the  sake  of  study,  picture  or  imitate  on 
a  reduced  or  an  enlarged  scale  the  movements  of  the 
heavenly  bodies  which  are  too  large   or  of  the  atoms 
which  are  too   small  for  our  actual  grip.      Now  and 
again    the    natural    philosopher    who    thus    uses    the 
abstract  methods  of  experiment,  registration,  and  cal- 
culation, is  forcibly  reminded  that  he  is  in  danger  of 
deaHng  not  with  natural,  but  with  artificial,  things.     In- 
stances are  plentiful  where,  through  the  elaboration  of 
fanciful  theories,  the  connection  with  the  real  world  has 
been  lost  and  scientific  reasoning  has  been  led  astray,  to 
be  recalled  to  a  more  fruitful  path  only  by  the  effort  of 
some    original   genius   living  in   immediate   communion 
with  the  actual  world. 

There  is,  moreover,  in  addition  to  the  aspect  of  con-  ^^J^^.^^^^ 
venience,   one   very  powerful   inducement   for   scientific  -^onhe 
workers  to  persevere  in  their  process  of  abstraction,  m  ^^Sraction. 
the  study   of  such   things    and  phenomena  as  can   be 
handled  in  the  laboratory  and  the  workshop,  and  studied 
by  diagram  and  by  model.     This  is  the  practical  useful- 
ness of  such  researches  in  the  arts  and  industries.     In 
these  we  do  actually  abstract  the  possessions  of  nature 
from  their  proper  hiding-places ;    we  drag  the  minerals 
from  the  bowels  of  the  earth;  we  cut  up  the   timber 
of  exotic   growth  into  artificial   fragments;    we    break 
up   that    natural    equilibrium  in   which  electrical    and 
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chemical  agencies  have,  for  thousands  of  years,  evaded 
our  discovery  and  our  regard.    Having  done  so,  we  create 
an  artificial  world  of  our  own  making  which  ministers 
to    our   wants,    comforts,   pleasures,   and    supplies   that 
most    inestimable    of    all    commodities    of    civiHsation, 
varied  and  stimulating  work  for  ready  hands  and  active 
brains.     The  wants  and  creations  of  artificial  life  have 
thus  proved  the  greatest  incentives  to  that  abstract  and 
artificial  treatment  of  natural  objects  and  processes  for 
which  the  chemical  and  electrical  laboratories  with  the 
calculating  room  of  the  mathematician  on  the  one  side, 
and  the  workshop  and  factory  on  the  other,  have  in  the 
course  of  the   century  become  so   renowned.     All  this 
great  activity  is — as  I  have  abundantly  shown— more 
and  more  governed  by  the  scientific,  the  exact,  or  the 
mathematical  spirit. 

There  is,  however,  in  the  human   mind   an   opposite 
op^'sedto    interest  which  fortunately  counteracts  to  a  considerable 
ibstr&n.  extent  the  one-sided  working  of  the  spirit  of  abstraction 
in  science  and  the  growing  tendency  towards  artificial- 
ity in  our  practical  life.     This  is  the  genuine  love  of 
nature,  the  consciousness  that  we  lose  all  power  if,  to 
any  great  extent,  we  sever  or  weaken  that  connection 
which  ties  us  to  the  world  as  it  is— to  things  real  and 
natural:    it   finds  its  expression   in  the  ancient  legend 
of  the  mighty  giant  who  derived  all  his  strength  from 
his  mother  earth  and  collapsed  if  severed  from  her.     In 
its  extreme  and  purest  form  this  interest  probably  lies 
at  the  root  of  all  poetry  and  all  art,  and  it  accordingly 
governs  a  great  part  of  the  literature  and  thought  of  the 
century.     It  will  occupy  us  later  on  in  our  historical 


survey.  At  present  it  interests  us  only  as  far  as  it 
asserts  itself  also  in  science.  In  the  study  of  natural 
objects  we  meet  with  a  class  of  students  who  are  at- 
tracted by  things  as  they  are :  not  so  much  by  those 
which  we  artificially  prepare  in  our  laboratories,  as  by 
the  infinite  variety  of  real  forms ;  not  so  much  by  the 
geometrical  types  which  allow  us  to  bring  them  together 
under  some  abstract  formula,  as  by  the  apparent  disorder 
and  divine  confusion  in  which  real  things  are  scattered 
about  in  the  heavens  and  on  our  globe.  It  is  not  the 
general  equation  which  in  its  complete  solution  contains 
all  real  and  many  unreal  instances  merely  as  special 
cases  that  interests  them,  but  the  individual  examples 
themselves.  The  general  laws  of  motion  admit  of  an 
infinity  of  special  cases  which  may  never  occur  in  nature ; 
organic  chemistry  adds  daily  to  the  already  enormous 
array  of  compounds  which  do  not  present  themselves  in 
living  organisms.  Clearly,  besides  the  abstract  sciences, 
which  profess  to  introduce  us  to  the  general  relations 
or  laws  which  govern  everything  that  is  or  can  be  real, 
there  must  be  those  sciences  which  study  the  actually 
existing  forms  as  distinguished  from  the  possible  ones, 
the  "here"  and  "there,"  the  "where"  and  "how,"  of 
things  and  processes ;  which  look  upon  real  things  not 
as  examples  of  the  general  and  universal,  but  as  alone 
possessed  of  that  mysterious  something  which  dis- 
tinguishes the  real  and  actual  from  the  possible  and 
artificial.  These  sciences  are  the  truly  descriptive  ^^^^4^^^ p^^ 
sciences,  in  opposition  to  the  abstract  ones.  They  are  tive sciences.^ 
indeed  older  than  the  abstract  sciences,  and  they  have, 
in  the  course  of  the  period  under  review  in  this  work, 
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made   quite  as   much   progress   as   the  purely  abstract 
sciences.        In    a    manner,    though    perhaps    hardly   as 
powerful  in  their  influence   on  practical  pursuits,  they 
are  more  popular ;  they  occupy  a  larger  number  of  stu- 
dents ;  and  inasmuch  as  they  also  comprise  the  study  of 
man  himself,  they  have  a  very  profound   influence  on 
our  latest  opinions,  interests,   and   beliefs — i.e.,  on  our 
inner  life.     It  is   the  object  of  this   and  some  of  the 
following  chapters  to  trace  concisely  the  altered  ways 
and  means  by  which,  in  the  course  of  the  last  hundred 
years,  the  study  of  the  actual  things  and  events  of  nature 
has  been  prosecuted.     For  those  who  wrote  the  history 
of  the  descriptive  sciences  in  the  middle  of  our  century, 
the   arrangement   of   this   vast   subject  presented  little 
difficulty.     It   had  been  in  the  main   accomplished  by 
the  great  naturalists  who,  during  the  seventeenth  and 
eighteenth   centuries,  laboured   to   bring  the  large  and 
ever  increasing   number   of   natural   objects   into    some 
supposed  system  and  some  professed  order,  to  enumer- 
ate them  in  catalogues  or  marshal  them  in  museums. 
The   familiar   division  of   natural   things   into    animals, 
vegetables,  and  minerals  had  received  a  general  sanction. 
Separate  sciences,  with  separate  chairs  at   the   univer- 
sities,   which    still    survive,    attended    to    the    separate 
treatment    of    these    subjects.       One    of    the    greatest 
changes  which  the  present  age  has  witnessed  has  been 
5.        the  breaking  down  of  the  old  landmarks  and   of  the 
^g^d^oTr^of  stereotyped  divisions  which  existed  in  the  beginning  and 
marks.        all  through  the  first  half  of  the  century.^ 


1 


1 


'  This  change  has  also  very  much 
lessened  the  interest  with  which 
we  now  regard  the  solution  of  a 
problem    which,    down    to   recent 


times,  was  much  discussed— the 
classification  of  the  sciences.  It 
will  be  seen  that  of  the  many  prin- 
ciples of  division  which  have  been 
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If  we  try  to  specify  a  little  more  closely  the  agencies 
and  interests  that  were  at  work  in  bringing  about  this 
very  marked  change,  which,  like  every  change  of  the 
kind,  has  been  reflected  by  the  altered  vocabulary  of 
our  languages,  we  come  upon  two  distinct  influences — 


adopted,  the  present  work  only  re- 
tains that  one  principle  which,  in 
some   form    or    other,   appears    in 
every   attempt   towards    classifica- 
tiou-the   difiference    between   the 
abstract  and  the  concrete  or  actual. 
The  two  original  philosophical  sys- 
tems which   France  and   England 
in    the    course    of    the    century 
have  produced,  the  positivist  phil- 
osophy  of    Comte   and    the    phil- 
osophy   of    evolution    of    Herbert 
Spencer,  have   both   dealt   elabor- 
ately   with    the    problem    of    the 
classification   of    the   sciences.     In 
this  they  betray  their  descent  from 
the  philosophy  of  Bacon  and  their 
practical  tendencies.     It  is  mainly 
in  the  interests   of   teaching  that 
the  division  of  the  sciences  is   of 
importance ;    and   so   here   it    has 
proved  to    be    indispensable,   but 
also,  not  unfrequently,  narrowing 
and    harmful.      German     philoso- 
phers,  who    have    generally    been 
more  influenced  by  the   traditions 
of  Descartes,  Spinoza,  and  Leibniz, 
have  attached   less   importance   to 
the    rigid    divisions.      The    result 
has  been  that  in   Germany,  more 
than  in  any  other  country,  those 
modern   sciences    have    grown   up 
which    cultivate     the    borderland 
that  separates   the   existing   well- 
marked  provinces  which  are  artifi- 
cially kept  up  by  the  older  chairs 
at  the   universities.     Examples  of 
this  are  the  new  sciences  of  physio- 
logical psychology  and  of  physical 
chemistry,  both  brilliantly  and  for 
the  first  time   represented  at  the 
university   of    Leipzig.      The   two 
great  conceptions,  however,  which 
have  probably  done  more  than  any 
others  to  break  down  the  old  con- 
ventional   landmarks     that    kept 


the   sciences  asunder,  the  concep- 
tion of  energy  and  the  idea  of  de- 
scent, were  first  prominently   put 
forward    in     this    country.      The 
classical  treatise  on  the  division  of 
the  sciences  in  the  widest  sense  is 
the    *  De  Augmentis  Scientiarum  ' 
of  Lord  Bacon.     An  important  and 
original    work   on    the    subject   is 
Andre  Marie  Ampere's  '  Essai  sur  la 
Philosophic   des   Sciences,   ou   Ex- 
position analytique  d'une  Classifica- 
tion naturelle  de  toutes  les  Con- 
naissances  humaines  '  (1834).     An 
analysis  of   the   book   is   given   in 
Whewell's  '  Philosophy  of  the  In- 
ductive Sciences,'  vol.  ii.,  Book  12. 
Ampere's     classification,     on     the 
model  of  that  in  botany,   is  sym- 
metrical and   dichotomous.      Aug. 
Comte's     classification,     contained 
in    the    second    '•Le9on"    of    the 
•  Cours    de    Philosophic    positive ' 
(1880,   vol.    i.),   is    termed  by  its 
author  "  une  echelle  '\or  "  une  hier- 
archic encyclopedique."     Mr  Her- 
bert Spencer,  in  an  essay  '  On  the 
Genesis  of  Science'  (1854),  repub- 
lished with  additions  in  the  third 
volume  of  his  '  Essays '  (1874),  criti- 
cised Comte's  attempt  to  classify  the 
sciences  "serially."     He  more  than 
any  other  thinker  has  assisted  in 
breaking  down  the  older  idea,  which 
was  very  prominent  in  many  classi- 
fications of  the  great  French  natur- 
alists,  the  idea, of    the  subordin- 
ation of   things  in  nature,  of  the 
"  echelle  des  etres,"  and  the  corres- 
ponding conception  of  an  hierarchy 
of  the  sciences.     In   the   place   of 
this  serial  arrangement,  a  genea- 
logical   arrangement,     under    the 
specific  term  of  evolution,  was  in- 
troduced,   and    the   sciences   were 
co-ordinated   according    to    their 
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one  of  which  has   tended   enormously   to   broaden  our 
view  of  natural  objects  and  events ;  the  other  to  narrow 
it   down   and    make   it  more  definite,   scientifically  ac- 
curate, and  precise.     The  former  has  tended  to  sweep 
away  the  older  landmarks  and  divisions  as  inadequate 
to  afford  us  a  correct  view  of  nature;    the  latter  has 
tended  to  create  new  divisions  and  definitions,  more  in 
harmony  with  the  lines  on  which  the  abstract  sciences 
of  physics  and  chemistry  have  been  developed,  and  has 
thus  brought  the  actual  objects   and   events  of    nature 
more  within  the  grasp  of  those  exact  and  mathematical 
c.        methods  which  those  sciences  have  perfected.     The  former 
«pioS"ion.^  has  been  carried  on  in  the  vast  workshop  of  nature  her- 
self by  those  daring  and  far-seeing  travellers  who,  with 
Alexander  von  Humboldt  at  their  head,  have  attempted 
to  eain  a  view  of  nature  on  an  extensive  scale.     For  the 
sake  of  the  increase  of  natural  knowledge   alone,  they 
visited  distant  countries  where  the  elemental  forces  of 
nature,  undisturbed  by  the  inroads  of  civilisation,  have 
battled  and  co-operated  to  produce  the  magnificent  floras 
and  faunas  of  the  tropics,  or  where,  as  in  Siberia,  the 
eternal  cold  has  preserved  intact  the  remains  of  bygone 
periods.     Equipped  with  the  instruments  and  methods  of 
modern  science,  they  recognised  the  necessity  of  studying 
the  actual  formation  and  stratification  of  rocks,  the  geo- 
graphical distribution  of  organic  life  on  the  surface  of  the 


genesis,  the  three  great  divisions 
being  the  abstract,  abstract  -  con- 
crete, and  concrete  sciences.  My 
readers  will  readily  see  the 
similarities  and  the  differences 
which  exist  between  this  classi- 
fication and  the  more  general  dis- 


tinctions which  I  have  adopted  ; 
and  I  remind  them  again  that  I 
am  not  writing  a  history  of  Science 
but  of  Thought,  and  that  all 
divisions  of  this  great  subject  are, 
more  or  less,  arbitrary. 


globe,  or  in  the  depths  of  the  ocean ;  of  visiting  the  real 
dwelling-places,  the  habitat  of  living  beings :  thus  coun- 
teracting and  enlarging  the  narrow  and  pedantic  views 
which  the  older,  purely  systematic,  and  lifeless  treatment 
of  natural  objects  was  in  danger  of  fostering.  We  know 
how  the  germs  of  two  of  the  greatest  generalisations  of 
science  were  laid  in  the  minds  of  Mayer  and  of  Darwin 
during  their  visits  to  distant  countries,  and  how  fertile 
in  natural  knowledge  of  all  kinds  have  been  the  voyage 
of  the  Challenger  and  many  other  similar  expeditions, 
and  with  what  interest  and  curiosity  scientific  and 
popular  audiences  listen  to  the  narrative  of  such  daring 
explorers  as  Fridjof  Nansen. 

The  other  and  much  more  concentrated  influence, 
which  from  the  opposite  side  co-operated  with  the  labours 
of  the  great  explorers  in  remodelling  the  descriptive 
sciences  and  infusing  new  life  and  vigour  into  them, 
has  been  not  less  marked.  There  has  always  existed 
one  great  interest,  in  which  nearly  all  the  descriptive 
branches  of  natural  knowledge  have  found  a  common 
rallying  ground  and  a  uniting  purpose  —  namely,  the  ^^^  J;dicai 
art  of  healing,  the  alleviation  of  human  suiBfering  and  >"t«rest. 
the  curing  of  disease.  During  long  ages,  when  the  purely 
scientific  interest  was  almost  dead,  physical  and  chemical 
research  was  created  or  kept  alive  by  the  ph^'Sician,  the 
alchemist,  and  the  apothecary  ;  medical  works  like  those 
of  Celsus  and  Galenus  in' antiquity  ^  have  been  the  ency- 


s 


^  It  may  also  be  pointed  out 
that  Aristotle  was  descended  from 
a  family  of  doctors,  that — accord- 
ing to  Zeller  ('Philosophic  der 
Griechen,'  voL  ii.,  part  2)  —  the 
assumption    is    warranted    "  that 


the  medical  art  of  his  father 
Nicomachus,  who  was  the  medical 
adviser  and  friend  of  the  Mace- 
donian king,  Amyntas,  had  a 
prominent  influence  on  the  mental 
development  of  his  son." 
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applied  to 
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clopedias  of  the  existing  knowledge  of  nature,  and  celeb- 
rities like  Boerhaave,  Linnseus,  and  Haller  in  more  modern 
times  have  been  the  living  centres  of  all  the  natural 
sciences.  The  same  uniting  bond  has  not  been  want- 
ing in  our  century,  when  it  has  again,  as  many  times 
before,  manifested  its  powerful  influence,  has  brought 
together  researches  which  were  on  the  point  of  fall- 
ing asunder,  and  infused  new  life  and  interest  into  the 
driest  of  studies.  As  I  have  had  occasion  to  remark 
above,  the  modern  school  of  medicine  originated  in  the 
attempt — begun  by  Lavoisier  in  France,  but  carried  out 
on  the  largest  scale  in  the  chemical  and  physiological 
laboratories  of  Germany — of  making  the  new  discoveries 
in  physical  science  and  chemistry  fruitful  for  medical 
purposes  and  the  treatment  of  pathological  cases.  The 
discovery  of  galvanism  gave  probably  the  earliest  im- 
petus, and  was,  to  the  discredit  of  an  exacter  treatment, 
largely  misused  in  the  earlier  part  of  the  century,  till 
Du  Bois  Eeymond,  in  the  middle  of  the  period,  based  his 
elaborate  researches  on  more  correct  methods,  and  created 
nearly  all  the  knowledge  we  now  possess  of  the  electrical 
currents  in  the  nervous  system.  Somewhat  earlier,  Liebig 
led  the  study  of  the  phenomena  of  animal  heat  and  of 
the  food  relations  of  the  animal  and  vegetable  kingdom; 
the  brothers  Weber  had  introduced  dynamics  into  the 
theory  of  the  motion  of  the  heart  and  the  limbs ;  whilst 
Johannes  Mliller  and  his  numerous  school  about  the  same 
time  laid  the  foundations  of  physiological  and  pathological 
acoustics  and  optics.  Quite  independently  of  these  appli- 
l  cations  of  the  mechanical  and  physical  sciences,  which  led 
some  over-hastily  to  imagine  that  in  the  doctrine  of  the 


9. 

Schwann. 


organism  as  a  pure  machine  lay  an  answer  to  the  great 
problems  of  life  and  consciousness,  Theodor  Schwann 
proclaimed  about  1840,  on  the  basis  of  minute  micro- 
scopic observation,  the  essential  identity  of  animal 
and  vegetable — i.e.,  of  all  living — structure,  thus  taking 
probably  the  greatest  step  in  uniting  researches  which 
had  so  far  been  carried  on  in  a  disconnected  fashion. 
Here  is  the  beginning  of  the  modern  theory  of  the 
organic  cell — of  cellular  pathology,  and  the  actual  in- 
auguration of  modern  biology.  Twenty  years  later,  the 
appearance  of  Darwin's  '  Origin  of  Species '  urged  still  ^^^^o. 
further  the  study  of  the  whole  of  organic  life  from  a 
comprehensive  point  of  view.  In  addition  it  led  to  a 
closer  union  with  the  sciences  of  inorganic  nature,  an 
appeal  being  now  made  to  pal?eontological  and  geological 
records  in  proof  of  the  gradual  development  of  all  forms 
of  living  as  well  as  of  inanimate  reality.  The  studies 
of  the  geologist,  which  up  to  then  had  been  prosecuted 
on  independent  lines,  joined  hands  not  only  with  those 
of  the  zoologist  and  botanist,  but  likewise  with  the 
theory  of  cosmological  genesis  of  the  planetary  system, 
as  proclaimed  at  the  end  of  the  former  century  by 
Laplace  in  his  '  Exposition  du  Syst^me  du  Monde,'  and 
fifty  years  earlier  by  Kant  in  his  'Natural  History 
of  the  Heavens.'  If  in  the  course  of  our  century, 
through  the  combined  influence  of  travel  on  the  one  side 
and  medicine  on  the  other,  the  history  of  natural  objects 
has  been  united  in  the  larger  conception  of  biology,  this 
itself  at  the  close  of  the  century  promises  to  be  united 
with  geology  and  astro-physics  (a  science  almost  entirely 
founded  on  the  invention  and  on  the  revelations  of  the 
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spectroscope),  into  the  still  wider  conception  of  a  general 

science  of  evolution,  as  enunciated  already  forty  years 

11.        ago  in  the  writings  of  Herbert  Spencer,  and  in  a  more 

Herbert  ®  ,  .    i  i 

Spencer.  shadowy  form  by  Herder  in  the  eighteenth  century,  and 
by  Leibniz  in  the  seventeenth. 

Seeing,  then,  that  the  treatment  of  the  descriptive 
sciences  of  nature  has  been  so  radically  changed  during 
the  course  of  the  century,  and  that  the  change  has  been 
accompanied  by  a  complete  revolution  in  our  modes  of 
thinking  and  reasoning  on  these  subjects,  the  historian  of 
Thought  cannot  be  content  with  merely  chronicling  the 
progress  of  the  methods  in  use  in  the  separate  sciences, 
such  as  mineralogy,  geology,  botany,  and  zoology,  even 
with  the  addition  of  the  more  recent  sciences  of  palae- 
ontology, physiology,  and  comparative  anatomy.  He 
might  in  doing  so  fairly  grasp  the  history  of  the  descrip- 
tive sciences  up  to  the  year  1850.  It  is  exactly  in  this 
u.       manner  that  Whewell,  in  his  '  History  of  the  Inductive 

divisTons^  Sciences,'  treated  this  part  of  his  subject.  Beyond  that 
period  the  old  landmarks  designated  by  those  names 
have  disappeared  or  become  of  secondary  importance. 
On  the  other  side,  whilst  a  history  of  Evolution  in 
Science  might  seize  on  the  great  characteristic  feature 
of  the  more  modern  research  which  belongs  to  the 
second  half  of  the  century,  it  would  hardly  suffice  to 
sum  up  the  leading  ideas  of  the  descriptive  branches 
of  science  as  they  were  carried  on  on  independent 
lines  during  the  earlier  years  of  our  period.  Evolu- 
tion had  then  no  definite  meaning,  and  Biology  was 
a  disregarded  term.  We  must  thus  look  out  for  some 
more  general  aspects  which  belong  alike  to  the  earlier 


and  later  periods,  and  which  will  enable  us  to  see  how 
that  great  change  has  gradually  come  about. 

All  studies  that  deal  with  the  actual  things  and  events 
by  which,  on  a  large  and  on  a  minute  scale,  we  are  sur- 
rounded in  nature,  are  comprised  under  the  term  Natural 
History.     In  opposition   to   Natural  Philosophy,   which     \ 
comprises  our  abstract  knowledge  of  the  possible  forms  of 
motion  and  the  possible  combinations  of  the  elements  into 
which  we  have  so  far  been  able  to  decompose  matter, 
Natural  History  deals  only  with  such  forms  and  combina- 
tions as  actually  exist  around  us,  only  with  such  processes 
of  change  as  actually  take  place  in  nature.  |  Some  of  these 
forms  and  changes  we  may  be  able   to   collect  in   our 
museums  or  imitate  in  our  laboratories,  but  the  forms  of 
nature  cannot  in  this  way  be  exhausted,  nor  her  pro- 
cesses understood.     Her  forms  or  things  do  not  exist  in 
isolation,  but  always  in  a  certain  environment,  having  a 
definite  plan,  a  position  in  time  and  space.     These  sur- 
rounding features  are  as  important  as  the  things  them- 
selves.    Besides  this,  the  processes  of  nature  draw  on 
the  great  factor  of  time  with  a  much  more  liberal  hand 
than  we  can  permit  ourselves  to  do.    Nevertheless,  as  in       is. 
the  abstract  sciences  we  deal  with  things  at  rest  and  with  natural"^  ^ 
things  in  motion,  so  we   can   appropriately  divide   our 
study  of   the  real  and  the  actual  into  the  attempt  to 
give   some    account    of    the    forms    and    things    which 
actually   exist    and    continually   recur,    and    the    study 
of  the    changes    which    things    undergo.      In    abstract 
science   the   terms   statics  and   dynamics,  the  doctrines 
of  rest  and  of  motion,  have  been  generally  introduced, 
to  distinguish  the  two  great  aims  of  study ;  some  cor- 
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responding  terms  may  appropriately  define  the  twofold 
interest  which  we  take  in  natural  objects.  The  term 
morphology^  was  introduced  early  in   the  century  by 


1  The  term  morphology  was  in- 
troduced by  Goethe  to  define  a  series 
of  researches  and  studies  to  which 
he  was  led  by  his  equal  interest  in 
art,   nature,   and    human    society. 
Returning  from  Italy,  which  he  de- 
scribes as  '*  rich  in  forms,"  to  Ger- 
many, which  he  terms  in  contrast 
"  gestaltlos,"  he  reports  that  three 
distinct    problems    had    presented 
themselves.     "  Wie  die  beglinstigte 
griechische  Nation  verfahren  um  die 
hochste  Kuust  im  eigenen  National- 
kreise  zu  entwickeln.  .  .  .  Wie  die 
Natur  gesetzlich  zu  Werke   gehe, 
um  lebendiges  Gebild,  als  Muster 
alles  kiinstlichen,  hervorzubringen. 
.    .    .    Wie   aus   dem   Zusammen- 
trefFen   von    Nothwendigkeit    und 
Willkiir,  von  Antrieb  und  WoUen, 
von  Bewegung  und  Widerstand  ein 
drittes  hervorgeht  .  .  .  die  mensch- 
liche  Gesellschaf't."     For  the  pur- 
pose of  finding  an  answer  to  the 
second  of  these  questions,  Goethe 
collected   and   observed,   read   and 
speculated,    and    formed  the   con- 
ception of  a  general  science  of  or- 
ganised beings,  termed  morphology, 
which  was  not  to  treat  merely  of 
external  figure,  but  to  comprise  also 
physiology  and  the  study  of  develop- 
ment.    It  is  the  first  great  attempt 
to  think  of  nature  as  a  whole,  and 
I  to  break  down  the  rigid  lines  which 
I  divided  the  several  natural  sciences. 
He  thus  inaugurated  the  modern 
view  of  nature  by  introducing  the 
'  general  science  of  morphology.    His 
first  literary  attempt  in   this   di- 
rection   was    the    now    celebrated 
pamphlet  on   the  '  Metamorphosis 
of  Plants,'  in  which  he  represents 
the  leaf  as  the  typical  formation 
from  which  the  other  parts  of  the 
plant  can   be   derived.      Whether 
this  derivation  is  a  real  process  in 


the  sense  of  modern  evolution,  or  a 
merely  ideal  one  in  the  sense  of  the 
earlier  archetypal  view,  Goethe  does 
not  clearly  say.     This  uncertainty 
Goethe  shares  with  the  whole  school 
of  the  •' Natur  philosophie,"  as  Julius 
Sachs  points  out  in  his  *  History  of 
Botany'     (German   edition,   1875, 
p.  170).     This  is  not  the  point  to 
which  I  want  to  draw  attention  at 
present.      More   important  is  the 
remark  which  Goethe  makes  in  the 
further   historical   account  of  the 
gradual  development  of  his  morpho- 
logical ideas.    Wolf,  the  philologist, 
pointed  out  to  him  thq,t  his  own 
namesake,  Caspar  Friedrich  Wolf, 
had  anticipated  Goethe  in  the  at- 
tempt to  demonstrate  the  funda- 
mental   identity   of    the    difierent 
parts  of  a  plant.     In  the  sequel  of 
his   most   appreciative  analysis  of 
Wolf's  expositions,  Goethe  charac- 
teristically  notes   that   Wolf  does 
not  include  in  his  conception  the 
"  metamorphosis  of  animals,"  or  in- 
troduces it  only  as  something  en- 
tirely different.    That  Goethe's  idea 
of  morphology  as  a  general  science 
of  the  forms  and  change  of  forms  in 
nature  is  applicable  likewise  to  in- 
animate forms— to  geological,  geo- 
graphical, and  many  other  fornaa- 
tions,  nay,  even  to  rigid  things  like 
crj'stals,  and  to  such  unstable  for- 
mations as  the  parts  of  speech  and 
language — has  in  the  course  of  the 
century    been     abundantly  ^  recog- 
nised.    It  is  known  how,  guided  by 
the  same  general  interest,  Goethe 
studied  the  formations  and  trans- 
formations of  animals,  rocks,  and 
clouds,  though,  according  to  Zittel 
(*Gesch,  der  Geologie,'  1899,  p.  275), 
C.  F.  Naumann  first  used  the  ex- 
pression, "morphology  of  the  sur- 
face of  the  earth,"  in  1850.  Goethe  s 


one  who  loved  above  all  things  to  watch  the  works  of 
nature  in  their  proper  abodes — who  combined  the  poeti- 
cal with  the  scientific  interest, — by  Goethe.  The  term 
genesis^  has  long  been  employed  to  describe  the  pro- 
cesses by  which  the  actual  world  has  come  to  be  what 
it  is.  To  the  statical  and  dynaijiical  aspects  of  the 
abstract  sciences  correspond  accordingly  to  some  extent 
the  morphological   and   genetic   aspects  of  the  natural        ". 

••^  —  -  ®  ° ^  Morphology 

sciences.  To  some  extent  only,  for  in  nature,  where  andgenetics. 
everything  is  subject  to  continual  flow,  we  never  come 
upon  a  realisation  of  absolute  rest,  a  pure  form,  a 
rigid  type.  Eather  would  I  put  it  in  this  way :  In  the 
perpetual  variety  of  change  the  morphological  view 
tries  to  define  those  recurring  forms  or  types  which 
present  themselves  again  and  again,  towards  which  all 
changes  seem  to  revert;  thus  bringing  some  order  into 


morphological  writings  have  been 
for  the  first  time  completely  edited 
and  annotated  in  the  three  volumes 
(6  to  8)  of  the  second  division  of 
his  works  now  being  published  by 
the  Goethe- Gesellschaft  at  Weimar. 
The  authority  whom  I  approach 
nearest  in  the  use  I  make  of  the  term 
morphology  is  probably  Haecjiel. 
See  the  first  book  of  his  '  Generelle 
Morphologieder  Organischen  Wesen' 
(1866,  vol.  i.  pp.  1-108). 

^  Goethe's  morphological  studies 
were  equally  directed  towards  the 
formation  and  the  transformation 
of  living  things :  morphology  was 
to  him  the  science  of  "  Bildung 
und  Umbildung."  In  the  course  of 
the  century  the  terms  morphology 
and  morphological  school  have  come 
to  mean  more  and  more  that  com- 
plex of  comparative  researches 
which  historically  prepared  the 
genetic,  developmental,  or  evolu- 
tionist school  of  thought,  but  which 


were  mainly  dominated  by  the  con- 
ception of  fixed  types  and  forms,  ' 
and,  though  searching  for  the  laws 
of  modification,  did  not  rise  to  a 
clear  enunciation   of  a    theory   of 
evolution  and  descent.   Goethe  him- 
self hovered  all  his  life  long  between  f 
an  artistic  predilection  for  the  per-  j 
feet  form  or  model  and  a  deeper! 
philosophical  conviction  of  the  con- 
tinual  flow  of  things.    See  a  remarT" 
of  his  ('Werke,'  II.,  vol.  vi.  p.  304) 
in  an  aphorism  on  "genetic  treat- 
ment "  :    *•  Erst    bin    ich    geneigt 
mir  gewisse  Stufen  zu  denken  ;  weil 
aber    die    Natur    keinen     Sprung 
macht,  bin  ich  zuletzt  genothigt  mir 
die  Folge  einer  ununterbrochenen 
Thatigkeit  als   ein    Ganzes    anzu- 
schauen,   indem   ich   das   Einzelne 
aufhebe,   ohne    den    Eindruck    zu 
zerstoren."     See  also  a  remark  on 
Goethe's    undefined     posi.tion    in 
Cams,    'Geschichte  der   Zoologie' 
(1872),  p.  590. 
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"what  would  otherwise  be  disorder  and  confusion.     On 
the  other  side,  the  genetic  view  deals  with   the  tran- 
sition from  one  form  to  another  in  the  course  of  time ; 
takes  more   interest  in  movement   and  in   the  process 
and   function ;   and  seeks   for  their  probable   laws  and 
jecTularities.     Without  wishing  to  limit   these   remarks 
'to" merely  organic   or   living   things,  the  difference  be- 
tween   the    morphological    and    genetic    views    can   be 
brou-ht  home  to  the  mind  by  referring  to  the  different 
objec'ts  of  anatomy  and  physiology.^     This  twofold  and 
very  general  aim— the  desire  to  know  what  is,  and  how 
it  has  come  to  be— has  existed  at  all  times,  though  fre- 
quently obscured  by  artificial  and  temporary  restrictions. 
From  this  point  of  view  I  propose  to  survey  the  mental 
attitude  of   the    century   towards   the   real   things  and 
events  of  nature,  as  distinguished  from  the  artificial  or 
mathematical  forms  and  processes  of  our  studies  and  our 
laboratories,  our  calculating-  and  measuring  rooms.     The 


1  Genetic    theories    have  every- 
where been  prepared  and  ushered 
in  by  morphological  studies.     So  in 
Goethe's  time;    so  later  on,  after 
Darwin   had   given  a  definite  law 
of   descent,   and   Herbert   Spencer 
had  fixed  the  vocabulary  and  ideas 
of  evolution,  this  relation  is  mani- 
fested   by   two    great   works,   the 
♦Generelle  Morphologie  der  Organ - 
ischen  Wesen,'  by  Ernst  Haeckel 
in    Germany   (1866),  and    Francis 
M.  Balfour's  '  Elements  of  Embry- 
ology'   (1874)  in   England.     It  is 
characteristic  that  Prof.   Haeckel, 
in  the  further  development  of  his 
literary  activity,  dropped  the  term 
morphology,  and  published  the  de- 
sired new  editions  of  his  great  work 
under  two  different  titles,  'Natur- 
liche  Schopfungsgeschichte'  (1868, 


2  vols.),  and  '  Systematische  Phylo- 
genie '  (1896,  3  vols. )     The  division 
of  the  great  modern  biological  doc- 
trine into  morphology  and  genetics 
is  in  conformity  with  Mr  Herbert 
Spencer's  treatment  in  the  'Prin- 
ciples of  BiologJ^'  vol.  ii.,  published 
in  1865,  and  with  the  two  divisions 
of    Haeckel's   '  Generelle    Morpho- 
logie,' which  treated  respectively  of 
the  "science  of  developed  forms   and 
the  '  *  science  of  developing  forms  -- 
i.e.,  of  structure  and  process,     i 
have  chosen  such  expressions  in  the 
text  as  will  permit  of  a  compre- 
hension of  inanimate  as  well  as  ot 
animated   nature.     In   1875   there 
were    founded    simultaneously   in 
Germany  two  periodicals,  represent- 
ing respectively  the  morphological 
and  genetic  sides  of  animal  biology. 
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present  chapter  will  deal  with   the  morphological,  the 
following  with  the  genetic,  views  of  nature.^ 

Were  the  real  world  only  one  out  of  many  possible 
worlds  which  the  mathematical  mind  can  imagine,  though 
through  its   complication   and   intricacy   it    might  still 
far  surpass  its  powers  of  analysis ;  were  the  actual  forms 
of  nature  only  some  of  the  infinitely  possible  states  of 
equihbrium,  the  events  and  changes  surrounding  us  in 
space  and  time  only  a  few  of  the  countless  combinations 
of  motion  taught  in  dynamics ;  were  the  actual  course 
of  things — as  mathematicians  since  Laplace  have  fanci- 
fully put  it — only  one  particular  solution  of  the  general 
differential  equations  of  the  world -motion,  —  then  the 
two  great   domains   of   morphology  and  genesis   would 
exhaust  the  subject  and  satisfy  all  the  interests  by  which 
natural  history  has  been  created.     Unfortunately  for  the  ^^^^js. 
pure  mathematician,  but  fortunately  for  the  rest  of  man-  ^«p«°^^- 
kind,  notably  the  poet  and  the  artist,  it  is  not  so.     An 
enormous  gulf  separates  the  creations  of  nature  from  the 
most  perfect  machine ;  and  the  fact  that,  with  all  the 
most  delicate  methods  at  her  command,  her  most  perfect 
machmes,  like  the  human  eye,  do  not  come  up  to  the 
demands  of  the  optician,^  shows  us  that  other  agencies 


^  As  in  abstract  mechanics,  the 
study  of  the  conditions  of  equili- 
brium, i.e.,  statics,  preceded  in  time 
the  study  of  the  phenomena  of 
motion,  i.e.,  dynamics,  so  in  the 
study  of  nature  the  apparently 
finished  or  developed  forms  at- 
tracted attention  before  their 
genesis  was  inquired  into ;  and  as 
the  key  to  statics  has  in  the  course 
of  time  been  discovered  to  lie  in 
dynamics,  so  the  key  to  an  under- 
standing of  form  and  structure  has 


been  found  to  lie  in  the  dynamical  ) 
theory  of  descent  or  evolution.  In 
animal  biology  a  separate  influence 
— the  medical  interest — led,  how- 
ever, very  early  to  a  study  of  func- 
tion and  of  the  processes  in  the 
living  organism. 

2  This  refers  to  a  well-known  re- 
mark of  Helmholtz  in  his  popular 
lectures  on  the  *  Theory  of  Light ' 
(1868),  where  he  enlarges  on  the 
remarkable  imperfections  of  the  eye 
as  an  optical  instrument.     His  real 


16. 
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and   other  interests   are  at  work  than  we  have  as  yet 
been  able  to  grasp.     So  long  as  astronomy  was  content 
to  observe  the  orbits  and  motions  of  the  heavenly  bodies 
from  a  distance,  it  indeed  appeared  possible  to  define 
that  science  as  merely  "  une  question  d'analyse  " ;  but  m 
astronomy  even,  spectroscopy  has  brought  distant  objects 
near  to  us  and  opened  out  endless  vistas  into  a  purely 
descriptive  branch  of  the  science,  a  natural  history  of 
the  heavens.     Still  more  so  is  this  the  case  when  we  hx 
our  gaze  on  the  world  immediately  surroundmg  us-on 
the  things  and  events  in  which  we  ourselves  take  an 
active  part.     Here  two  phenomena  attract  our  attention 
-the  problem  of  life,  and  the  problem  of  consciousness 
or  mind      The  knowledge  which  we  possess,  or  imagine 
we  possess,  of  the  latter,  which  is  gained  from  a  purely 
introspective  point  of  view,  the  psychological  aspect,  I 
leave  at  present  quite  out  of  the  question.     As  external 
observation  through  our  senses  would  never  have  given 
if  as  in  the  map  of  reality  which  we  call  nature,  we 
ha've  not  even  succeeded  in  accurately  locating  conscious- 
ness—I  relegate  this  large  department  of  Thought  to 
a  different  place  in  this  work.     At  present  we  have  to 
do  only  with  the  study  of  nature,  the  first  condition  of 


object  was  to  diapel  the  popular 
conception  that  the  accuracy  and 
variety  of  the  performances  of  the 
human  eye  could  be  explained  by 
the  precision  and  complexity  of  its 
structure,  as  if  it  were  an  optical 
instrument  of  a  degi'ee  of  perfection 
which  could  not  be  equalled  by  any 
optician.  In  the  sequel  Helmholtz 
shows  how  this  admiration  of  a 
wrongly  supposed  mechanical  per- 
fection must  make  room  for  an 
admiration  of  a  different  kind,  as 


"  every  work  of  the  organic  forma- 
tive power  of  nature  is  for  us 
inimitable  " ;  a  remark  which  really 
supports  the  argument  i°  the  text 

CVortrage  und  Reden,  6.  Aun. 
1884,vol.i.p.240  &c.)     Itisaso 

important  to  note  how  Helmholtz 
traces  the  imperfections  of  the  eye 
to  its  genesis-i-e.,  its  development 
in  the  embryo.  The  genetic  sup- 
plements the  purely  structural  ex- 
amination  (ibid.,  p.  255). 
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which  is  that  her  phenomena  have,  or  have  at  some  time 
had,  a  definite  place  and  position  in  space.     Here,  then, 
the  phenomena  of  lower  and  higher  life  and  the  new 
creations  of  human  culture,  art  and  industry,  open  out  a 
great  department  of  reality  which  is  accessible  to  external 
observation  and  study.     Without  committing  ourselves 
to  any  theory  on  the  subject,  we  have  in  this  department 
to  deal  with  the  phenomena  of  apparent  or  real  design 
and  purpose.     How  has   the  century  dealt  with   these 
phenomena  ?     The  answer  to  this  question,  the  history 
of  nineteenth  century  thought  as  directed  towards  the 
phenomena  of  life  and  of  mind  as  natural  phenomena, 
will  be  dealt  with  in  two  further  chapters,  which  will 
respectively   deal  with  the  vitalistic'  and  the  psycho- 


1  It  would  have  been  in  some 
respects    preferable     to     use     the 
word  "biological"  instead  of  vital- 
istic.     In  fact,  in  the  original  draft 
of  this  passage  I  used  the  former 
term.     The  reasons  which  made  me 
alter    it    are   the  following:    The 
term  biology  was  first  used  in  1801 
by  Lamarck  in  his  '  Hydrogeologie.' 
"  About  the  same  time  it  occurred 
to  Treviranus  that  all  those  sciences 
which  deal  with  living  matter  are 
essentially  and  fundamentally  one, 
and  ought  to  be  treated  as  a  whole  ; 
and  in  the  year  1802  he  published 
the  first  volume  of  what  he  also 
called  '  Biologie.'  Treviranus's  great 
merit  lies  in  this,  that  he  worked 
out  his   idea,  and  wrote  the  very 
remarkable  book  to  which  I  refer. 
It  consists  of  six  volumes,  and  oc- 
cupied its  author  for  twenty  years 
-from  1802  to  1822.     That  is  the 
origin  of  the  term  '  biology ' ;  and 
that  is  how  it  has  come  about  that 
all  clear  thinkers  and  lovers  of  con- 
sistent nomenclature  have  substi- 
tuted for  the  old  confusing  name  of 


*  natural  history,'  which  has  con- 
veyed so  many  meanings,  the  term 
'  biology,'  which  denotes  the  whole 
of    the   sciences  which    deal   with 
living  things,  whether  they  be  ani- 
mals or  whether  they  be  plants." 
This  extract  from  Huxley's  "  Lecture 
on  the  Study  of  Biology"  (South 
Kensington,  Dec.    1876,  reprinted 
in  *  American  Addresses,'  &c.,  1886, 
p.    129,  &c.),   has   induced   me   to 
adopt    the    term    "  vitalistic "    to 
denote  those  doctrines  and  chapters 
in  biology  which  deal  specially  with 
the    principle   and    phenomena   of 
life.     A  very  large  portion  of  bi- 
ology deals  with  such  phenomena 
of  living  things  as  can  be  studied 
without  any  reference  to  a  doctrme 
or  theory  of  life  in  particular,  they 
being  either  mere  facts  of  distribu- 
tion or  that  very  large  and  increasing 
class  of  biological  processes   which 
admit  of  purely  mechanical,  physi- 
cal,  or  chemical    description    and 
explanation.     The  very  fact,  how- 
ever, that  the  question  whether  the 
principle  of  life  is  purely  mechanical 
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aspects. 


u 
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physical  views  of  nature.  Thus  four  distinct  chapters, 
dealing  severally  with  the  morphological,  the  genetic, 
the  vitalistic,  and  the  psycho-physical  aspects  of  nature, 
li^pfycho.  will  together  attempt  to  describe  the  manifold  and 
"""""'  changing  methods  of  reasoning  by  which  our  century 
has  Ipproached  the  actual  things  and  events  which 
surround  us. 

"  Nature  does  not  employ  all  figures,  but  only  certain 
ones  of  those  which  are  possible :  and  of  these,  the  deter- 
mination is  not  to  be  fetched  from  the  brain,  or  proved 
a  priori,  but  obtained  by  experiments  and  observations." 
These  words,  set  down  nearly  two  centuries  ago  by  a 
now  forgotten  natural  philosopher,^  express  clearly  the 
object  of  a  study  which,  towards  the  end  of  the  eigh- 
teenth century  had  received  definite  expression  in  vari- 


or  not  is  not  yet  decided,  makes 
it  necessary  to  retain  in  a  history 
of   Thought  a  special   term   com- 
prising all  speculations  which  deal 
with  the  purely  scientific  solution 
of  that  problem.     In  fact,  the  ques- 
tion what  is  life  is  still  unanswered. 
A    fortiori,    these    remarks    refer 
also  to  the  question.  What  is  mind 
or    consciousness  ?     But    the    two 
chapters  referring  to  these  problems 
will  limit  themselves  to  an  historical 
exposition  of  what  has  been  done 
to  solve  them  by  purely  scientific, 
i.  €. ,  exact,  methods.     The  full  name 
of   the   author   of   the    'Biologie* 
was  Gottfried  Reinhold  Treviranus 
(1776-1837)    of    Bremen.     Though 
introducing   the   larger  conception 
of   biology,    his  own   original  lab- 
ours were   mainly  in   the  domain 
of   zoology.     His    brother,    Ludolf 
Christian    Treviranus   (1779-1864), 
devoted  himself  mainly  to  botanical 


science,  and  was  largely  influenced 
by  the  doctrines  of  the  "  Natur- 
philosophie."  On  the  former,  see 
Carus,  'Geschichte  der  Zoologie 
(Munchen,  1872),  passim;  on  the 
latter,  Sachs,  '  Geschichte  der  Bo- 
tanik'(ibid.,1875,  p.  291). 

1  They  are  quoted  by  Whewell 
('Hist.    Indue.   Sciences,'  3rd  ed., 
vol.  iii.  p.   165),  from  a  work  en- 
titled    *Dissertatio     de     Salibus 
(1707),  by  the  Italian  Professor  at 
Padua,  Dominico  Gulielmini  (1655- 
1710).     He  was  a  practical  physician 
as  well  as  a  natural  philosopher.    He 
was  the  forerunner  of  Rom^  de  Lisle 
and   Haiiy,  inasmuch  as  he  estab- 
lished the  principle,  not  then  sutii- 
ciently  appreciated,  that  the  con- 
stancy of  the  angles  is  characteristic 
of  all  crystals.    See  Kopp's  '  Gesch- 
ichte  der  Chemie,'  vol.  n.  PP-  o^" 
404. 
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ous  branches  of  natural  science,  and  which  can  be  best 
characterised  by  the  term  morphology.^     The  word  was  ^^^£-,,^ 
first  applied  only  to  plants,  then  also  to  animals,  and 
later  still  to  crystals  and  minerals.     The  words  quoted 
above  refer  to  the  forms  of  inanimate  nature,  to  crystals. 
In  all  these  cases  we  have  to  do  with  definite  individual 
objects,  which  can  be  removed  from  their  surroundmgs 
and  examined  in  the  laboratory.     There  is,  however,  no 
reason  why  a  study  of  the  actual  forms  of  nature  on 
a  larcre  scale,  such  as  the  physiognomy  of  landscape,  the 
configuration  of   mountains  and   valleys,  the   shapes  of 
claciers,  the  actual  distribution  of  land  and  water  on  our 
alobe  the  stratification  of  rocks,  the  formation  of  clouds, 
and  many  other  things,  should  not  all  be  comprised  under 
the  term,  the  morphological  view  of  nature.     And  con- 
ceived in  this  larger  sense,  the  study  of  nature  as  a  whole 
and  in  its  separate  parts  had  at  the  end  of  the  eighteenth 
century  already  made  very  important  progress.     In  fact, 
natural  history  had,  in  the  course  of  that  century,  gradu- 
ally  emerged  from  the  previous  epoch,  that  of  the  purely 
systematic  and  classificatory  attempts,  which  aimed  at 
giving  inventories,  collecting  specimens,  and  classifying 
natural  objects,  naming,  describing,  and  identifying  them. 
The  interest  of  the  latter  was  a  practical  one,  frequently 


1  In  the  *  Le9ons  sur  les  Ph^no- 
m6nes  de  la  Vie  communs  aux 
Animaux  et  aux  Vegetaux,'  a 
work  which  did  so  much  to  break 
down  the  older  division  of  the 
sciences  which  deal  with  animals 
and  vegetables  separately,  Claude 
Bernard  says  (p.  333  of  vol.  i., 
1885):  "Dans  un  auti-e  equilibre 
cosmique,  la  morphologic  vitale 
serait  autre.     Je  pense,  en  un  mot. 


qu'il  existe  virtuellement  dans  la 
nature  un  nombre  infini  de  formes 
vivantes  que  nous  ue  connaissons 
pas.  Ces  formes  vivantes  seraient 
en  quelque  sorte  dormantes  ou 
expectantes.  ...  II  en  est  ainsi 
des  corps  nouveaux  que  forment 
les  chimistes  ;  ils  ne  les  creent  pas, 
ils  dtaient  virtuellement  possibles 
dans  les  lois  de  la  nature." 
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prompted  by  the  needs  of  the  medical  profession,  which 
studied  animals  as  affording  an  insight  into  the  analo- 
gous structure  and  functions  of  the  human  body  ;  ^  and 
plants,  because  they  largely  furnished  the  materials  for 
the    preparation   of    medicines.     To    this   must  further 
be  added  the  practical  interests  of  agriculture,  of  garden- 
incr    and  of  the  artificial  culture  of  flowers  and  exotic 
plants,    and    the    breeding    of     domestic    animals.     All 
these  interests,  however  stimulating  they  may  have  been 
and  still  are,  introduce  an  element  of  artificiality  into 
the  study  of  nature.     They  have  all  a  greater  concern 
for    natural   objects,  be  they   beautiful   or  useful,  than 
they  have  for  nature  itself.     From   this  artificial  posi- 
tion the  true  sciences  of  nature  had  to  emancipate  them- 
selves by  slow  degrees  and  with  many  efforts.     Ever  since 
the  time  of  Linmneus,  through  whose  labours  the  system- 
atic  attempts  received  a  kind  of  finality,  and  even  in 
his  own  writings,  great  discussions  were  carried  on  as  to 
19.        the  difference  between  a  natural  and  an  artificial  order  of 
and  naSirai  plants  and  auimals.     "  The  natural  orders,"  ^  says  Linnaeus, 

svstcins. 

"  teach  us  the  nature  of  plants,  the  artificial  orders  enable 
us  to  recognise  plants.  The  natural  orders,  without  a 
key,  do  not  constitute  a  method ;  the  method  ought  to  be 

.  .  .  The  habit  of  a  plant 
A  practised  botanist  will 

It  diverted  attention  from  the  im- 
mediate object  of  zoology,  the  ex- 
planation of  animal  forms  and  their 
variety,  to  the  more  remote  problem 
— the  explanation  of  the  phenomena 
of  life." 

2  Quoted  by  Whewell  ('  Hist.,' 
vol.  iii.  p.  268)  from  the  '  Genera 
Plantarum'  (1764). 


available  without  a  master, 
must  be  secretly  consulted. 

^  Referring  to  Albrecht  von 
Haller,  Victor  Cams  ('Gesch.  d. 
Zoologie,'  p.  567)  says,  "Through 
the  leap  which  physiology  took, 
thanks  to  his  labours,  zootomical 
researches  developed  in  a  direction 
which  brought  them  into  complete 
subjection  to  physiology,  with  a 
neglect  of  the  independent  import- 
ance which  belongs  to  them.  .  .   . 


distinguish  at  the  first  glance  the  plants  of  different 
quarters  of  the  globe,  and  yet  will  be  at  a  loss  to  tell  by 
what  mark  he  detects  them.  There  is,  I  know  not  what 
look — sinister,  obscure,  in  African  plants;  superb  and 
elevated  in  the  Asiatic;  smooth  and  cheerful  in  the 
American ;  stunted  and  indurated  in  the  Alpines."  ^  The 
inventor  of  the  sexual  system  of  plants,  which  proved  to 
be  such  a  good  "  finder  "  in  the  hands  of  the  botanist  and 
herbalist,  speaks  of  the  difficulty  of  the  task  of  discover- 
ing the  natural  orders.  "  Yet,"  he  says,  "  I,  too,  have 
laboured  at  this — have  done  something,  have  much  still 
to  do,  and  shall  labour  at  the  object  as  long  as  I  live."  ^ 

Linnseus's  artificial  system  met  with  little  acceptance  j^.^^^o^^^^^ 
in  France,  where,  under  the  opposite  influence  of  Buffon,^  Buflfon. 


1  Quoted  by  Whewell  {'Hist. ,'  vol. 
iii.  p.  268)  from  the  *  Philosophia 
Botanica'  (1751). 

-  Ibid.,  quoted  from  the  *  Classes 
Plantarum'  (1738).  Julius  Sachs, 
in  his  excellent '  History  of  Botany ' 
(Munich,  1875,  transl.  from  the  Ger- 
man by  H.  E.  Garnsey,  1890),  saya 
of  Linnaeus,  that  in  his  morpho- 
logical as  well  as  in  his  systematic 
labours,  there  existed  two  unre- 
conciled conceptions — a  superficial 
one,  meant  only  for  practical  use, 
which  found  expression  in  his  arti- 
ficial sexual  system,  and  a  deeper, 
scientifically  valuable  one.  "  For 
practical  purposes  of  description  he 
elaborated  his  nomenclature  of  the 
parts  which,  however  useful,  appears 
nevertheless  flat  and  superficial,  as 
any  deeper  foundation  through  a 
comparative  study  of  forms  is  want- 
ing. But  alongside  of  this,  there 
appears  in  various  passages  of  his 
writings  the  desire  for  a  more  pro- 
found conception  of  plant  -  forms. 
What  he  had  to  say  on  this  subject 
he    brought    together    under    the 


term  *  metamorphosis  plantarum 
(p.  110  of  the  German  edition). 

2  Buffon's  great  name  has  a  place 
in  the  history  of  the  genetic  as  well 
as  of  the  morphological  view  of 
nature,  inasmuch  as  he  looked  at 
the  things  of  nature  as  much  from 
the  side  of  their  individual  speciality 
as  from  that  of  their  connection 
and  orderly  arrangement  in  time 
and  space.  And  inasmuch  as  he 
"does  not  only  consider  the  form, 
but  tries  to  maintain  an  interest  in 
the  general  economy  of  the  whole 
of  nature  by  picturing  to  us  the 
homes,  the  habits  and  customs,  the 
instincts,  &c.,  of  living  things,  so 
he  strove  in  general  to  represent 
the  single  phenomena  of  nature  as 
existing  in  intimate  connection" 
(Carus,  'Gesch.  der  Zoologie,'  p. 
523).  "As  Buifon  opposed  the  ex- 
treme systematisers,  who  seemed  to 
think  it  the  end  of  science,  not  so 
much  to  know  about  an  object  as  to 
be  able  to  name  it,  and  fit  it  into 
their  system,  so  Daubenton  (the 
collaborator  of  Buffon  in  France) 
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the  great  botanists,  from  Jussieu  to  De  Candolle,  and  the 
great  zoologists,  notably  Cuvier,  made  an  attempt  towards 
a  freer  and  more  generous  and  more  sympathetic  con- 
ception of  the  objects  as  well  as  the  totality  of  nature. 
These  attempts  were  continued  much  on  the  same  lines 
till  well  on  into  the  nineteenth  century.  Buffon's  com- 
prehensive scheme  was  premature,  but  it  had  a  very 
great  and  beneficial  influence  in  popularising  and  en- 
livening the  frequently  dry  and  uninteresting  pursuits 
of  the  collector  and  systematiser.  Cook's  voyages  during 
the  last  third  of  the  eighteenth,  and  Humboldt's  travels 
at  the  turn  of  the  two  centuries,  did  much  to  further  a 
comprehensive  view;  but  the  great  task  of  the  mor- 
phologist,  like  every  other  scientific  work,  had  to  be 
solved  by  special  studies  in  separate  departments.  It 
grew  from  small  beginnings  and  detached  contributions. 
One  of  the  most  notable  of  these,  and  one  also  which 
has  all  along  exerted  a  great  influence  on  all  morpho- 
logical studies,  is  the  theory  of  crystals,  both  natural  and 
artificial.  I  have  already  had  occasion  to  refer  to  the 
labours  of  Haiiy  ^  and  his  successors.  They  have  led  to 
a  complete  mastery  of  the  geometrical  forms  which 
minerals  occasionally  present  in  nature,  and  which  sub- 
stances assume  if  allowed  to  solidify  out  of  the  liquid 
21.  ,  condition.  The  science  of  crystallography,  now  appro- 
of^co'staiFj  priately  termed  the  "  morphology  of  crystals,"  ^  has  had 


i 
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insisted  on  the  study  of  each  animal 
as  an  individual  whole.  .  .  .  He  oc- 
cupied himself,  therefore,  with  the 
production  of  a  series  of  admir- 
able monographs  appended  to  the 
descriptions  of  Buft'on  in  the  '  His- 
toire  Naturelle'"  (Huxley  in  the 


chapter  on  Owen's  position,  &c.,  in 
*  Life  of  Richard  Owen,'  1894,  vol. 
ii.  p.  280). 

1  See  vol.  L  p.  116,  &c.,  of  this 
history. 

2  See  '  The  Morphology  of  Crys- 
tals,' by  N.  Story  Maskelyne,  1895. 
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a  peculiar  fascination  as  forming  the  transition  from  the\ 
abstract  science  of  geometrical  forms  and  statical  equili-  1 
brium  to  the  study  of  the  actual  forms  of  real  things.  J 
Here,    if    anywhere,    it    seemed    as    if    we    might    dis- 
cover  the   link  that  connects   the   theoretically  calcul-  1 
able  with  the  actually  existing,  the  possible  with  the 
real     Accordingly,  we  find  a  very  general  and  recur- 
ring  tendency   to    carry   over    the    notions   of   crystal- 
lography into    other    sciences  —  into   the    morphology 
of    plants    and    animals.      The    planes    and    axes    of 
geometry,  and  the  forces  of  attraction  between  particles 
of  matter,  have  formed  a  theme  which  has  been  end- 
lessly repeated  and  varied  in  explaining   the   elements 
and    the    forms    of    living    matter.      But   whilst   these 
fanciful  analogies  ^  of  organic  crystals,  of  polar  distribu- 
tion, and  the  network  of  tissues,  to  which  are  also  allied 
the  spiral  theories  of  leaves  and  branches  in  plants  and 
other  geometrical  arrangements,  have  at  times  attracted 
much  attention,^  and  have  served  to  give  at  least  the 


^  "Ces  comparaisons  entre  lea 
formes  minerales  et  les  formes 
vivantes  ne  constituent  certaine- 
ment  que  des  analogies  fort  loin- 
taines,  et  il  serait  imprudent  de 
les  exagerer.  II  suflBt  de  les  signal- 
er. Elles  doivent  simplement  nous 
faire  mieux  concevoir  la  separation 
theorique  de  ces  deux  temps  de  la 
creation  vitale :  la  creation  ou 
synthase  ckimiqiie,  la  creation  ou 
sjnthese  morphologique,  qui  en  fait 
sont  confondues  par  leur  simul- 
taneite,  mais  qui  n'en  sont  pa,s 
moins  essentiellement  distinctes 
dans  leur  nature  "  (Claude  Bernard, 
'  Lecons  sur  les  Ph^nomenes  de  la 
Vie,'  &c.,  vol.  i.  p.  296).  See  also  on 
the  extravagances  of  such  search 


for  analogies,  Jul.  Sachs,  'Gesch. 
d.  Botanik,'  p.  173,  &c. 

2  I  shall  revert  to  this  subject 
when  speaking  of  the  elder  De 
Candolle.  Here  only  a  passing  re- 
mark on  the  "  spiral  theory,"  which 
was  mainly  developed  by  K.  F. 
Schimper  and  Alexander  Braun, 
after  the  regular  geometrical  ar- 
rangement of  leaves  around  their 
stalks  had  already  been  noticed  in 
the  eighteenth  century  by  Charles 
Bonnet,  following  Caesalpinus.  For 
about  thirty  years,  from  1830  on- 
ward, the  spiral  theory  was  very 
popular  in  Germany,  In  France, 
the  somewhat  related  theories  of 
symmetry  of  De  Candolle,  of  meta- 
morphosis of  Goethe  and  of  spiral 


* 


WAm  91 


224 


SCIENTIFIC   THOUGHT. 


22. 

Morphology 
on  a  large 
scale. 


semblance  ^  of  an  explanation  of  organic  structures  and 
forms,  they  have  in  reality  done  as  little  as  Boscovich's 
centres  of  force  and  curves  of  attraction  and  repulsion 
in  mathematical  physics  to  establish  a  firm  basis  for 
actual  research ;  for  nowhere  have  they  been  capable  of 
exact  determination  such  as  has  been  applied  to  the 
angles  and  figures  of  crystals. 

Simultaneously  with  the  science  of  crystallography 
there  came  into  being  the  science  of  minerals  on  a 
larger  scale  of  study,  through  actual  observation  in 
definite  localities  of  the  formation  and  stratification 
of  rocks;  of  the  traces  of  the   influence   of    the  great 


arrangefments  of  Schimper,  became 
known  under  the  term  '*  Morph- 
ologie  vegetale,"  through  Auguste 
de  Saint  Hilaire  in  his  *  Lemons  de 
Botanique'  (1840).  To  the  spiral 
theory,  although  strongly  opposed 
in  course  of  time  by  Wilhelm  Hof- 
meister,  one  of  the  founders  of  the 
genetic  conception  of  plant  life, 
Sachs,  the  historian  of  botany, 
nevertheless  assigns  an  important 
historical  influence,  "as  through 
Schimper's  theory  the  morphologic- 
ally so  important  relative  position 
of  the  plant  organs  was  for  the  first 
time  placed  in  the  foreground  of 
morphology"  {loc.  cit.,  p.  180).  See, 
however,  on  this  subject  the  paper 
by  A.  H.  Church  on  "  Phyllotaxis  " 
in  vol.  i.  p.  49  of  *The  New 
Phytologist,'  1902. 

1  The  early  propounders  of  the 
cellular  theory  of  organic  structures 
adopted  the  view  that  cells  were 
formed  in  a  surrounding  liquid  in 
the  manner  of  crystals  in  a  mother- 
liquor.  When  it  was  established 
that  organic  structures  grow  by 
intussusception,  not  by  juxtaposition 
and  accretion,  like  crystals,  and  that 
cells  multiply  by  division,  the  dis- 
coveries of  Graham,   who   divided 


bodies  into  crystalloids  and  colloids, 
were  utilised  for  the  purpose  of 
explaining  or  illustrating  organic 
processes.  On  this  distinction  is 
based  the  celebrated  "  micellar 
theory"  of  Nageli,  who,  in  his 
'  Mechanisch-physiologische  Theorie 
der  Abstammungslehre '  (Miinchen 
uud  Leipzig,  1884),  works  out  a 
complete  mechanical  doctrine  of  the 
constitution  and  formation  of  or- 
ganic structures.  The  ideas  con- 
tained in  this  elaborate  treatise 
have  been  much  used  in  Germany 
by  various  writers,  but  mostly  only 
as  convenient  illustrations.  See 
0.  Hertwig,  'The  Cell'  (transl.  by 
Campbell,  1895),  p.  58,  &c.  The 
micellar  theory  does  not  seem  to 
have  found  much  favour  in  France 
or  in  this  country,  where  a  general 
opinion  prevails  which  is  probably 
best  represented  in  the  words 
of  Claude  Bernard:  "  Les  ph^no- 
m^nes  physico-chimiques  des  etres 
vivants,  quoique  soumis  aux  lois 
de  la  physique  et  de  la  chimie 
g^ndrales,  ont  leurs  conditions  par- 
ticuli^res  qui  ne  sont  r^alisees  que  la, 
et  dont  la  chimie  pure  ne  pent  offrir 
qu'une  image  plus  ou  moins  inexacte" 
(*  Phen.  de  la  Vie, '  &c.,  vol.  ii.  p.  487). 
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a^rencies  of  nature, — of  water,  atmosphere,  and  of  ice 
and  heat.  Last  came  the  study  of  the  fossil  remains 
of  organic  life  as  the  means  of  fixing  the  age  and  the 
order  of  succession  of  various  geological  formations. 
Werner^  in  Germany,  Cuvier^  in  France,  Hutton^  in 
Scotland,  William  Smith  ^  in  England,  led  the  way,  from 
different  points  of  view,  towards  an  actual  knowledge  and 
a  possible  theory  of  the  existing  forms  and  structures  in 
and  on  the  crust  of  our  globe.  The  study  of  these 
subjects,  morphology  on  the  largest  scale,  necessitated 
distant  travels,  the  examination  of  formations  in  situ 
and  under  diametrically  opposite  conditions.  Its  great- 
est and  unequalled  representative  was  Alexander  von 
Humboldt,^  who  also  brought  the  observations  of 
geographical,  geological,  and  mineralogical  facts  and 
details  into  connection  with  the  study  of  climate,  of  the 
weather,    of    the    distribution    of    plants    and   animals.^ 


23. 
Humboldt. 


^  See  supray  vol.  i.  p.  283. 

2  Ibid.,  p.  125. 

3  Ibid.,  p.  283. 
•»  Ibid.,  p.  291. 

^  A  good  account  of  the  grad- 
ual development  of  the  plan  of 
"Cosmos"  will  be  found  in 
Bruhns's  *  Life  of  A.  von  Hum- 
boldt' (transl.  by  Lassell,  1873), 
vol.  ii.,  passim.  It  is  clear  that 
two  great  influences  co  -  operated 
to  ripen  in  Humboldt's  mind  the 
conception  of  unrolling  a  great 
tableau  of  the  physical  world  in  its 
purely  material  and  in  its  ideal  or 
poetical  aspects  :  the  influence  of 
the  great  scientific  movement  then 
emanating  from  Paris,  and  the 
not  less  important  influence  of 
the  ideal  movement  represented 
by  the  names  of  Herder,  Goethe, 
and  Schelling,  which  emanated 
from    the    centre     of     Germany. 

VOL.  II. 


"But,  however  greatly  Humboldt 
may  be  indebted  to  the  insplrmg 
influence  of  his  contemporaries,  the 
great   merit   of    the   work   lies   in 
what  he  alone  has  accomplished — 
the  attempt  by  means  of  a  com^ 
prehensive  collation  of  details,  and 
the  institution  of  the  most  search- 1 
ing  comparisons,  to  give  a  scientific  ■ 
foundation  to  the  ideal  cosmology 
of  Herder,  Goethe,  Schelling,  and^ 
their    disciples  ...  In    him   may 
be    said    to    be    united    the    two 
schools  of  philosophy,  so  brilliantly 
represented  during  the  closing  years 
of  the  former  century.     On   this 
account  he  was  at  the  same  time 
exposed    to    the    censure    of    the 
representatives  of  either  system  " 
(vol.  ii.  p.  312). 

®  The  third  volume  of  the  '  Life 
of  Humboldt,'  in  the  original 
German   edition,  gives  an  account 
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He  may  be  called  the  morphologist  of  nature  on  the 
largest  scale:  the  representation  of  the  grand  aspect 
of  things  as  exhibited  in  his  '  Cosmos/  and  in  his  earher 
'  Ansichten  der  Natur,'  was  the  leading  idea  of  his  hfe 
and  work.  Through  him  and  his  friend  Karl  Eitter 
"  comparative  geography  received  a  treatment  worthy  of 
the  subject,  showing  its  connection  with  the  history 
of  the  human  race  and  the  advancement  of  civilisation, 
inasmuch  as  the  configuration  of  the  earth  is  proved  to 
have   been   an   important   element  in  the  dispersion  of 

nations."  ^ 

But  morphology,  or  the  study  of  forms  and  struc- 
tures, has  to  be  carried  on  not  only  on  the  large,  the 
gigantic  scale,  as  by  Humboldt;  it  is  quite  as  im- 
portant, and  has  probably  been  even  more  influential, 
when  directed  towards  the  minute,  the  imperceptibly 
small,   which   ordinarily   quite   escapes   our    notice.     If 


by  various  specialists  of  Hum- 
boldt's labours  in  the  sciences  of 
astronomy,  geology,  geography,  the 
distribution  of  animal  and  plant  life, 
meteorology,  and  other  provinces  of 
research,  some  of  which  largely  owe 
their  existence  to  his  initiative.  The 
study  written  by  Ewald  on  his 
geological  work,  and  that  of 
Griesbach,  on  what  is  termed  in 
German  animal  and  plant  geo- 
graphy, are  specially  interesting. 
Unfortunately  this  most  fascinat- 
ing volume  has  not  been  brought 
out  in  the  English  edition.  As  illus- 
trating the  comprehensiveness  of 
Humboldt's  view  it  is  well  to  note 
how,  before  beginning  to  put  to- 
gether his  materials  in  the  great 
tableau  which  the  *  ICosmos '  was 
intended  to  be,  he  drew  two 
entirely  different  pictures  of  nature 
on  our  globe ;   first  in   the  large 


work  on  the  New  Continent 
(•  Voyage  aux  Regions  ^quinoxiales 
du  Nouveau  Continent,'  in  six 
parts,  published  in  Paris,  1805  to 
1834),  and  then  from  an  entirely 
opposite  aspect  in  his  works  on 
Central  Asia  ('  Asie  Centrale : 
Recherches  sur  les  Chaines  et 
Montagues  et  la  Climatologie  conj- 
parde,'  3  vols.,  Paris,  1843).  "  To 
Humboldt  the  importance  of  the 
Asiatic  expedition  consisted  in  its 
elevating  him  above  the  one-sided 
effect  of  having  contemplated 
nature  exclusively  in  the  New 
World,  and  leading  him,  so  to 
speak,  to  feel  experimentally  that 
the  earth,  in  common  with  every 
other  object,  is  possessed  of  op- 
posite sides"  ('Life  of  Humboldt,' 
vol.  ii.  p.  212). 

1  See    *  Kosmos^'  vol.   i.    p.   60 
(German  edition7l845). 


^ 


the   great  revolution  of    ideas    which   the    seventeenth  \ 
century  witnessed  was  much  assisted  by  the  invention  ^    24. 
of  the  telescope  and  founded  upon  its  revelations,  the  ^afe™'""^ 
change  of  thought  during  the  nineteenth   century  has 
been    connected    more    with    the    revelations    of    the 
microscope.     The   great  movement  of  ideas   started   by 
Galileo,    and    continued    through    Kepler,  Newton,  and 
Laplace,    was    accompanied    by    the    perfection    of    the 
telescope.     The    invention    of    the    microscope    enabled 
Nehemiah  Grew  and  Malpighi  to  begin  half  a  century 
later  their  embryological   studies,  and  to  inaugurate   a 
line  of  research  which,  in  our  days,  through  a  long  series 
of  observations  ^  from  Amici  to  Strasburger  on  the  pro- 


^  These  observations  begin  with 
the  year  1830,  when  Amici,  to 
whom  great  improvements  in  the 
microscope  are  due,  "  traced  the 
pollen  grain  from  its  lighting  on 
the  carpel  tip  down  into  the 
recesses  of  the  ovule  "  (Geddes  and 
Thomson,  '  The  Evolution  of  Sex,' 
p.  140),  and  removed  all  doubts 
and  uncertainty  by  his  observa- 
tions on  orchids  in  1845  and  1846. 
"  Here  he  demonstrated  the  whole 
series  of  processes,  from  the  pollen 
dust  on  the  stigma  to  the  for- 
mation of  the  embryo "  (Sachs, 
'Gesch.  d.  Botanik,'  p.  469). 
About  the  same  time  (1843)  Martin 
Barry  "observed  the  presence  of 
the  sperm  within  the  ovum  in  the 
rabbit  ovum"  (Geddes  and  Thom- 
son, loc.  cit.,  p.  142).  It  took,  how- 
ever, a  quarter  of  a  century,  from 
the  first  discovery  of  Amici,  before 
the  process  of  fertilisation  described 
by  him  was  accepted  by  embryp- 
logists  as  typical  for  both  plants 
and  animals.  Bischoff,  the  great 
authority  in  Germany,  after  con- 
firming the  entrance  of  the  sperm- 
cell  into  the  ovum,  maintained  by 


Barry  in  1843,  and  by  Newport 
(with  frogs)  in  1851  and  1853,  ex- 
presses his  "  infinite  astonishment," 
adding  that  "  Dr  Barry  is  certainly 
the  first  who  has  seen  a  sper- 
matozoon in  the  interior  of  any 
ovum,  and  notably  in  the  ovum  of 
a  mammal,  and  that  to  him  be- 
longs the  glory  of  this  discovery  " 
(Theod.  Bischoflf,  '  Bestatigung  des 
von  Dr  Newport  bei  den 
Batrachiern  und  Dr  Barry  bei 
den  Kaninchen  behaupteten  Ein- 
dringens  der  Spermatozoiden  in 
das  Ei,'  1854,  p.  9).  For  thel 
history  of  scientific  thought  it  is 
significant  to  see  how  little,  even 
in  the  middle  of  the  century,  dis- 
coveries referring  to  the  phenom- 
ena of  plant  life  or  structure  were 
known  or  utilised  by  students  of 
animal  life.  A  mutually  fructify- 
ing influence  seems  to  date^  like 
so  many  other  advances  from  the 
publication,  in  1859,  of  the  *  Origin  j 
of  Species.'  "  The  distinctively 
modern  era  in  the  history  of 
fertilisation  dates  from  about  1875, 
when  the  brilliant  researches  of 
Auerbach,  Van  Beneden,  Biitschli, 
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cess  of  fecundation  in  plants,  and  from  Martin  Barry  to 
Hertwig  and  Fol  on  that  in  animals,  has  been  brought 
to  a  temporary  climax.  The  combination  of  telescope 
and  microscope  in  the  spectroscope  has  opened  out  a 
field  of    research  in  astronomy  of   which   Laplace  had 

no  conception. 

So  much  has  depended,  during  our  century,  on  the 
unravelling  and  disentangling  of  the  imperceptibly  small 
(once  considered  an  unworthy  occupation),  that  a  short 
reference  to  the  history  of  that  optical  instrument  to  which 
we  are  so  greatly  indebted  may  not  be  out  of  place. 

The  gradual  perfection  of  the  microscope  is  as  much 
indebted  to  the  problems  and  labours  of  anatomical 
workers  during  the  seventeenth  and  the  nineteenth  cen- 
turies, as  anatomy  itself  reciprocally  has  been  indebted 
to  the  microscope.  Robert  Hooke,  in  1660,  first  gave  a 
useful  form  to  the  compound  instrument.  Leuwenhoek 
perfected  the  simple  microscope  ;  and  during  the  earlier 
part  of  our  century  no  one  did  more  than  Amici  m 
Modena  and  Lister  in  England  ^  to  start  that  great  sue- 


Fol,     0.     Hertwig,      and     others, 
showed  that   one   of  the   essential 
phenomena  in   fertilisation   is   the 
intimate    and    orderly    association 
of   the  sperm-nucleus,  of  paternal 
origin,    with    the    ovum -nucleus, 
of     maternal     origin,     the     result 
being  the  cleavage  or  segmentation- 
nucleus.     The  researches  of  Stras- 
burger,      De    Bary,     and     others, 
established    the    same    result    m 
regard  to   plants"   (J.    A.    Thom- 
son,   'The    Science    of    Life,'    p. 

127,  1899).  .     .     .  . 

1  The  improvements  of  Amici 
seem  to  go  back  to  the  year  1812, 
those  of  Lister  to  1826.  The  for- 
mer is  usually  considered  the  in- 


ventor of  the  "immersion'-  system, 
—that  of  placing  a  drop  of  water 
between  the  object  or  its  covering 
glass  and  the  objective  lens,     ihis 
system  has  lately  been  improved  by 
Abbe,  who  discovered  a  liquid  witn 
the  same  refractive  index  as  the  glass 
of  the  objective  possesses.     Accord- 
ing   to   Hogg    ('The    Microscope, 
15th  ed.,  1898,  p.  10),  the  immer- 
sion system  was  suggested  by  Frit- 
chard  in  London  before  Amici  hit 
upon  it.     The  necessary  modihca- 
tions  required  where  the  immersion 
system  is  used,  seem,  however,  to 
have    been    first  worked    out    by 
the  celebrated  Paris  opticians,  MM. 
Hartnack  and  Nachet. 
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cession  of  improvements  by  which  errors  due  to  colour 
and  indistinctness — the  chromatic  and  spherical  aberra- 
^[q^q — were  removed.     In  the   middle   of   the  century 
the   influence    of    some    eminent    botanists,  notably   of 
Hugo  von  Mohl  and  Nageli,  in  perfecting  micrometric 
processes    was    considerable;    whilst    the    last    twenty 
years  have   witnessed    quite    a    new   departure  in   the 
theory  of  optical  images,  in  that  of  microscopic  vision, 
in  the  improvement  of   optical   glass,  and  in   the   in- 
vestigation   of    the    possible    limit    of    the    magnifying 
powers.     The  most  eminent  physical  authorities — such 
as   Stokes   and  Lord  Eayleigh   in   England,    Helmholtz 
in  Germany  —  have   taken   up   one   or  more   of   these 
points;     but    the    whole    subject    is     associated    with 
the    name    of    Prof.    Ernst     Abbe^     of     Jena,    who, 
through  his   connection   with   the   well-known   firm    of 
Carl  Zeiss,   has  been  able  to  put  into  actual  practice 
many  of   the  suggestions  which  resulted  from  his  the- 
oretical  investigations.      As   the   historians   of  zoology 


^  The  labours  of  Abbe  go  back  to 
the  year  1873.  Simultaneously  and 
independently,  Helmholtz  attacked 
the  theory  of  microscopical  vision 
and  the  question  of  "  resolution  " — 
i.e.,  of  the  possible  limit  to  the  re- 
solving power  of  any  optical  arrange- 
ment. Airy  had  attacked  the  same 
subject  on  purely  dioptrical  lines. 
Helmholtz  and  Abbe  went  a  step 
farther,  taking  into  account  the 
physical  nature  of  light  as  a  wave- 
motion,  subject  to  interference 
phenomena,  notably  those  caused 
by  inflection,  where  objects  with 
very  fine  markings  are  concerned. 
Abbe's  methods  were  for  a  long 
time  only  imperfectly  known.  The 
publication,  however,  of  his  theories 


by  Czapski  ('  Theorie  der  optischen 
Instrumente  nach  Abbe,'  Breslau, 
1893)  made  the  whole  subject  better 
known,  and  has  been  followed  by 
two  masterly  papers  by  Lord  Ray- 
leigh  and  Prof.  Johnstone  Stoney  in 
the  42nd  vol.  of  the  '  Philos.  Mag.' 
(1896).  The  latter  paper  especially 
gives  several  interesting  examples 
of  the  use  of  recent  microscopic 
appliances  and  the  means  of  avoid- 
ing errors  in  handling  very  delicate 
and  minute  objects.  It  seems  that 
the  instrument  cannot  any  longer 
be  used  without  a  theoretical  know- 
ledge of  its  optical  construction, 
which  enables  the  observer  not  only 
to  see,  but  also  to  criticise  and  to 
interpret. 
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and    botany   tell    us,    the   use   of    the    microscope   had 
made    little    or    no    progress  ^    during    the    eighteenth 
century:   the  study  of  structures  and  tissues  had  lost 
interest  in   comparison   with   the   study   of  the  physi- 
ological functions  of  the  parts  of  plants  and  the  organs 
of   animals,  which  had  been  respectively  furthered  by 
Hales  in   England   and   by  Haller  in   Germany.^     Our 
century  thus   found   the   morphological   studies  of   the 
imperceptibly  small  in  a  very  backward  state :  it  had 
to  improve  the  instrument  for  its  research  pari  passu 
with  this  research  itself.'     But  it  has  been  truly  re- 
marked   that    the    increased    use    of    the    microscope 
necessitated  likewise  a  mental   training  in   the  inter- 
pretations   and    delineations    of    what    was     observed 
through  it.       "  By  fortifying  the  eye  with  the  micro- 


1  "So  long  as,  in  consequence  of 
the  imperfections  of  optical  instru- 
ments,  deceptive   images    existed, 
and,  for  instance,  all  microscopical 
structures  appeared  as  composed  of 
rows  of  beads,  the  explanation  of 
what  was  seen  stood  under  the  m- 
fluence  of  deceptions,  which  were 
only  gradually  recognised  as  such 
(Cams,  'Gesch.  d.  Zool.,'  p.  629). 
Compare    also    what    Sachs    says 
(Gesch.  d.  Bot.,  p.  241). 

2  "The  characteristic  feature  of 
that  period  lay  in  this,  that  the 
examination  of  the  finer  structure 
is  always  mixed  up  with  reflections 
on    the    functions    of    elementary 
organs,  so  that  anatomy  and  phy- 
siology always  support  each  other, 
but  also,  in  consequence  of   their 
imperfect  state,  do  each  other  in- 
jury"   (Sachs,   loc.    ciL,    p.    240). 
Similarly  Carus  {loc.  cit.,  p.   567), 
"  Through  the  progress  which  phy- 
siology made,  thanks   to  Mailer's 
activity,   zootomical  investigations 


took  a  direction  which  brought 
them  into  complete  dependence  on 
physiology,  ...  and  retarded  the 
progress^of  zoology  by  diverting  at- 
tention from  its  primary  object- 
the  exposition  of  animal  forms  and 
their  diSerences." 

3  As  late  as  1827  Aug.  Pyrame 
de  CandoUe  could  still  write  ('  Or- 
ganographie  veg^tale,'  vol.  i.  p.  / ), 
'« De  nos  jours,  MM.  Mirbel,  Lmk, 
Treviranus,     Sprengel,     Rudolphi, 
Kieser,   Dutrochet,   et    Amici  ont 
public  des  recherches  tres  ddhcates 
sur  le  tissu  vegetal,  et  les  ont  ac- 
compagnees  de  figures  nombreuses 
et  soignees  ;  mais  la  necessite  d  em- 
ployer   continuellement    dans   ces 
i   recherches    un    instrument    aussi 
I   difficile  a  bien  manier  que  I'est  le 
microscope  compose,  fait  que  malgre 
I'habilet^  de  ces  observateurs,  I'anat- 
omie  delicate  des  vegetaux  estencore 
,   .  .  .  d'une  incertitude  d^sesperante 

pour  les  amis  de  la  vdrite." 
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scope,  it  became  itself  a  scientific  instrument  which 
no  longer  hurried  over  its  objects  in  flighty  motion, 
but  is  disciplined  by  the  intellect  of  the  observer  and 
forced  into  methodical  work."^  Similarly,  no  doubt, 
the  increasing  devotion  to  the  pastime  of  sketching 
from  life  and  nature  in  our  days  must  have  the  effect 
of  obhging  the  eyes  of  many  persons  to  look  stedfastly 
and  carefully  at  the  forms  and  outlines  of  things,  and 
of  thus  training  the  artistic  faculty. 

It  is,  however,  a  remarkable  fact  that  one  of  the 
greatest  leaders  in  the  morphological  study  of  natural 
objects,  Bichat,  the  great  observer  of  membranes  and 
tissues,  despised  the  microscope,  the  instrument  by 
which    the    sciences    he    founded    were    to   benefit    so 

enormously. 

The   object  of  morphology,  as  distinct  from  that  of  ^^^ J-^^^ 
classification,  can  be  defined  as  the  attempt  to  describe,  H^-^^"^' 
and  if  possible  to  comprehend  and  explain,  the  relative 
similarity  as  well  as  the  graduated  differences  of  form 
and  structure  which  natural  objects  present  to  our  gaze. 
Although  the  study  can  be  conducted  on  a  large  as  well 
as  on  a  small  scale,  these  similarities  and  differences  sooner 
made  themselves  felt  in  the  comparatively  smaller  objects 
of  living  nature.     These  can,  without  apparent  loss  of 
their  characteristic  appearance  and  individuality,  be  col- 
lected  and   brought   together,   whereas    a    collection   of 
minerals,  with  the  exception  of  crystals  and  gems,  always 
presents  only  fragments,  and  forces  upon  us  the  convic- 
tion that  they  can  really  be  studied  only  in  their  habita- 
tion, in  situ.     The  same  conviction  has  indeed  gradually 

1  Sachs,' Zoc.  cit.,  p.  2-37. 
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made  its  way  into  botany ;  and  last  of  all  into  zoology. 
The  herbarium  or  collection  of  dead  plants  was  much 
sooner  superseded  by  the  "jardin  des  plantes"  than  the 
zoological  museum  with  its  skeletons,  stuffed  animals,  and 
specimens  in  alcohol  has  been  supplanted  by  any  scientific 
collection  of  living  animals.  Marine  stations,  which  study 
plant  and  animal  life  in  situ,  are  quite  a  recent  invention.^ 
The  study  of  the  forms  of  nature  or  morphology  in  the 
earlier  or  more  limited  sense,  referred  thus  more  exclu- 


^  M.   Yves  Delage  distinguishes 
four   great   periods   in    the    study 
of    living    things.     The  first,   cul- 
minating in  Linnaeus  and  Buffon, 
studies  living  objects  in  the  great 
outlines  of  their  external  forms,  of 
the  habits  of  plants  and  the  cus- 
toms of  animals.     Detailed  exam- 
ination by  dissection  is  resorted  to, 
but  only  as  a  secondary  method  and 
in  order  to  supplement  the  intuitive 
discovery  of  natural  afi&nities.   Then 
comes  the   second  period,  that  of 
Cuvier  and  his  followers,  relying 
mainly   on   anatomical    dissection. 
The  third  period  begins  with  the 
marine    stations.      "Je  ne   crains 
pas  de  dire  que  la  fondation    des 
laboratoires   maritimes    a    marque 
une  troisieme  p^riode  et  constitu^ 
une   nouvelle    m^thode    aussi   im- 
portante   que   les  precedentes.     Si 
Ton     songe     que    plus    dea    trois 
quarts     des     types     d'invert^br^s 
appartiennent    au    monde    de     la 
mer,  que  le  plus  grand  nombre  ne 
pouvaient   parvenir   dans   les   cen- 
tres   scientifiques    dans     un    ^tat 
convenable   pour  I'examen   micro- 
scopique,    si   Ton   songe    que   tout 
ce  qui  concerne  leurs  moeurs  et  leur 
embryogenie  ne  pent  s'  ^tudier  loin 
de  la  mer,  on  comprend  I'importance 
de  ces  creations.     Faut-il  rappeler 
que  I'introduction  de  cette  methode 
est  due  ^  H.  de  Lacaze-Duthiers  ? 
.  .  .  Aussi  la  fondation  du  labora- 


toire  de  Roscoff  a-t-elle  et^  le  signal 
de    la    creation    d'une     multitude 
d'^tablissements     plus     ou    moius 
similaires  sur  les  cotes  de  tous  les 
pays"   ('L'Herddit^  et  les  grands 
problemes   de   la  Biologie,'  p.   3). 
The   fourth   period  is    marked  by 
microscopic    anatomy,   and    this— 
according    to   M.    Delage— has    its 
home  mainly  in  Germany.     "The 
study  of  marine  zoology  has,  since 
the  publication  of  the   *  Origin  of 
Species,'   been     found    to    require 
more  complete  arrangements  in  the 
form  of   laboratories   and    aquaria 
than  the  isolated  vacation  student 
could  bring  with  him  to  the  seaside. 
Seaside  laboratories  have  come  into 
existence  :  the  first  was  founded  in 
France  by  Coste  (1859)  at  Concar- 
neau  (Brittany)  with  a  practical  end 
in  view— viz.,  the  study  of  food- 
fishes,  with  an  aim  to  pisciculture. 
.  .  .  The  largest  and  best-supported 
pecuniarily  is  that  founded  at  Naples 
by  Anton  Dohm  in  1872 ;  others 
exist  at  Trieste,  Villefranche,  Cette, 
and  at  New  Haven  and  Beaufort  in 
the  United  States ;  whilst  a  large 
laboratory,   on  a  scale  to  compare 
with  that  at  Naples,  has  been  (1888) 
opened  at  Plymouth  by  the  Marine 
Biological  Association  of  the  United 
Kingdom"    (Ray    Lankester,    art. 
"Zoology"  in  *  Encyclop.  Brit.,'  vol. 
xxiv.  p.  814). 
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sively  to  plants  and  animals,  and  here  the  term  was  first 
applied.     In  order  to  bring  some  kind  of  method  into 
the  perplexing  study  of  living  forms,  two  ways  presented 
themselves ;  and  they  were  consciously  or  unconsciously 
followed  by  morphologists  with  more  or  less  success.     As 
I  mentioned    above,  one  of    the   chief    interests  which 
led  to  zoological  and  also  to  botanical  studies  was  the 
medical  interest.     Animals  were  dissected  and  observed 
as  affording  by  analogy  an  insight  into  the  structure  and 
processes  of  the  human  body.     Physiology,  the  science 
which  deals  with    the   actions    of    the    different   parts 
of  the  animal  or  human  frame,  termed  from  an  early 
period  the  functions  of  the  different  organs,  had  made 
considerable  progress  during  the  eighteenth  century.     It 
was  then  found  convenient  to  study  the  whole  organism 
as  an  assemblage  of  different  organs  or  machines,  each  of 
which  performs  a  certain  function.     Thus  we  have  the 
mechanism    on    which    voluntary    motion    depends,  the 
mechanism  of  respiration  and  of  the  circulation  of  the 
blood  through  the  body,  the  mechanism  of  digestion,  the 
mechanism  of  reproduction,  and  finally,  the  mechamsm 
of   the  nervous  system  with  its  specified  and  locahsed 
optical,  auditory,  and  other  organs  of  sense.     All  these  ^^^n^^ 
parts  or  organs  could  to  a  great  extent  be  separately  -g-^ 
studied  and  described  in  their  mechanical,  chemical,  and 
electrical  actions.     These   studies  had,  since  the  time 
of  Harvey  in  England   and  Haller  in  Germany,  made 
great   progress.     The    application   of    chemistry   to  the 
processes  of   respiration  and  digestion,  and  finally,  the 
discovery  of  the  galvanic  current  by  Galvani,  had  given 
a  great  impetus  to  the  physiological  study  of  the  different      . 
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organs  in  living  beings,  and  their  functions.     In  plants, 
these  organs  and  functions  seemed  to  be  much  simpler 
and  more  easily  observed  than  in  animals,  and  Linn?eu& 
had  selected  the  sexual  organs,  since  they  were  the  most 
easily    distinguishable,  as  a  primary   character    for   his 
classification    of    the    vegetable    kingdom.      Somewhat 
later  ^  he  classifies  the  animal  kingdom  according  to  the 
internal    structure,    and    characterises    animals    for  the 
purpose  of  division  according  to  the  heart  and  the  blood. 
The  celebrated  dictum,  that  "  minerals  grow,  plants  grow 
and  live,  animals  grow,  live,  and  feel,"  which  appeared  in 
the  last  edition  of  the  '  Systema  Naturae,'  places  a  physio- 
locrical  distinction  at  the  base  of  the  classification.     This 
conception,  which   has    been    somewhat    modified   since 
Linn^us's  time  to  meet  our  altered  views,  is  an  obvious 
first  step  towards  a  description  of  natural  objects.     Yet 
this  no  more  than  the  second  step,  which  fastens  upon 
the  organs  of  reproduction  in  plants,  on  the  heart  and 
blood  In  animals,  gives  any  clue  to  the  comprehension 
of  the  great  variety  and  apparent  fixity  of  forms  which 
the  living  world  presents  to  our  observation.     In  fact, 
purely  morphological  considerations  were  subordinated  to 
physiological  ones,  and  were  brought  in  only  to  assist 
in  the  further  subdivision  of  the  two  great  kingdoms. 
Linni^us  felt   the   artificiality  of  his   classification— the 
arbitrariness  of  the  characters  he  selected  for  the  pur- 
pose of  division.     But  a  more  natural  system  could  only 
be  arrived  at  by  an  intimate  knowledge  of  and  intercourse 
with  living  nature,  as  well  as  by  a  careful  comparison  of 
its  hidden  forms  and  organisation — i.e.,  by  a  more  de- 

1  See  Cams,  *  Geschichte  der  Zoologie,'  p.  503,  &c. 


ON  THE  MORPHOLOGICAL  VIEW  OF  NATURE.   235 

tailed  external  and  internal  morphology.  Both  lines  of 
study,  with  their  respective  methods  of  observation,  re- 
search,  and  reasoning,  were  equally  wanted.  The  former 
was  more  easily  attained  with  plants,  the  latter  promised 
more  immediate  fruit  in  dealing  with  animals.  In  follow- 
ing  the  former,  Bernard  de  Jussieu  became  the  founder 
of^nodern  descriptive  botany ;  in  taking  up  the  latter, 
in  founding  comparative  anatomy,  Georges  Cuvier  became 
for  a  long  time  the  leader  in  zoology. 

Bernard  de  Jussieu  was  led  to  his  natural  system  of  ^^jo^ 
classification,  not  by  any  theoretical  considerations,  but  by 
the  practical  task  of  arranging  the  plants  in  the  garden 
of  Trianon,  confided  to  his  care  by  Louis  XV.,  who  was  a 
great  lover  of  botany.     He  had  with  him  as  assistant  his 
nephew.  Ant.  Laurent  de  Jussieu,  who  in  1789  published 
his '  Genera  Plantarum,'  which  is,  so  far  as  method  goes, 
the  work  of  his  uncle.     «  This  work  produced  a  verit- 
able  revolution    in  botany,   for  only  since  its  publica- 
tion have  plants  been  studied  according  to  the  relations 
which  they    exhibit   and   according   to    the   totaUty   of 
their  organisation."  ^     It  was  not  one  special  character 
or  side  of  their  existence,  arbitrarily  selected  by  a  first 
superficial  observation,  which  served  as  a  means  of  de- 
scription ;  their  different  parts  or  organs  were  conceived 
to  be  correlated— i.e.,  dependent  on  each  other  and  united 
to  form  the  totality  of  their  organisation— their  various 
characters  were  all  taken  into  account,  and  looked  upon 
as  subordinated  one  to  the  other.'     From  the  time  of 


1  See  •  Histoire  des  Sciences 
Naturelles,'  par  Geo.  Cuvier,  com- 
pletee  par  T.  M.  de  Saint  Agy, 
Paris,  1845,  vol.  v.  p.  298. 


2  Aug.  Pyrame  de  Candolle 
(♦Th^orie  elementaire  de  la  Bo- 
tanique,'  Paris,  1819,  2nd  ed.,  p. 
69)  gives  the  following  account  of 


236 


SCIENTIFIC   THOUGHT. 


31. 
Problem  of 
organisa- 
tion. 


Jussieu  we  find  introduced  into  natural  science,  mainly 
for  the  purposes  of  classification,  the  ideas  of  the  correla- 
tion of  the  different  parts  and  the  subordination  of  the 
various  characters  of  a  plant  or  an  animal.     Physiology 
and  anatomy,  hitherto  mainly  occupied  with  the  study  of 
the  different  organs,  were  henceforth  to  be  occupied  with 
the  problem  of  organisation,  the  problem  of  the  unity  of 
the  various  characters  and  organs.     Inspired  by  Jussieu, 
De  Blainville  looked  upon  the  whole  development  ot  the 
natural    sciences   as  the    history   of    our  knowledge  of 
organisation,^  and  De  Candolle,  Jussieu's  great  successor 
in  botany  ^the  name  that  in  systematic  botany  ruled 
the  nineteenth  century-wrote  an  <  Organographie  vege- 
tale'  a  rational   description   of    the   organs   of  plants. 


the  method  of  the  two  Jussieus : 
•'Ce  qui  characterise   la   methode 
des  Jussieu,  c'est  qu'elle  est  fondee 
sur  la  subordination  des  caracteres. 
Sentant     le     vague     des     simples 
methodes    de    tatonnement,    I  ex- 
ageration     du    principe     de     com- 
paraison  uniforme  et  g^ndrale  des 
organes,    ils   ont    les   premiers   re- 
marque    avec    soin,    que    tous   les 
organes,   tous    les    points    de   vue 
sous    lesquels    on    pent    les     con- 
siderer,   n'ont   pas   un   egal   degre 
d'importance,   ni    de    permanence, 
que   quelques-uns    semblent,    pour 
ainsi  dire,  dominer  les  autres  ;  de 
sorte  qu'en  etablissant  la  classifica- 
tion  d'abord  sur  ces  organes  pre- 
dominans,       puis      les      divisions 
secondaires   sur  ceux  qui   ont   un 
moindre    degr^    d'int^ret,    on    est 
conduit  b,  imiter  le   plus   possible 
I'ordre  de  la  nature  dans  celui  de 
la  classification.    Ce  principe  simple 
et  peu  contestable  a  ^te  fecond  en 
consequences  importantes  ;  et  c  est 
sous  ce  point  de  vue,  que  1  un  des 
hommes  qui  a  le  plus  profond^- 


ment    r^flechi  sur  la  marche  des 
sciences  et  sur  le  plan  general  de 
la  nature,   a   proclame,   daus   uue 
occasion  solennelle,  le  hvre  de  M. 
de    Jussieu,    *  comme   un   ouvrage 
fondamental,    qui    fait,    dans    les 
sciences  d'observation,  une  epoque 
peut-etre  aussi  importante  que  la 
chimie  de  Lavoisier  dans  les  sciences 
d'experience.'  "    (See  Cuvier,  ^  Rap- 
port historique  sur  les  progres  des 
sciences     naturelles,'   Paris,    IblU, 

p.  305.)  ,  1      •    .t 

i  See  the  *  Etude  sur  la  vie  et 

les    travaux   de   M.    Ducrotay    de 

Blainville,'  par  Pol.  Nicard,  Pans, 

1890,  p.  157  8?.  ,^ 

2  See  A.  Pyr.  de  Candolle,    Ur- 
ganographie    vdgeUle   ou   Descrip- 
tion   raisonnee    des    Organes    des 
Plantes,'     Paris,     1827,     2    vols, 
especially     vol.     ii.     p.     245,    ^c 
'"The  classifications  of  the  scientibc 
taxonomist  are  of  two  kinds.    Ihose 
of  the  one  sort  are  merely  hanrtv 
reference  catalogues.     Such  are  the 
*  artificial '  systems,  useful  in  their 
day  and   for   their  particular  pur- 
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The  problem  of  organisation  was  much  easier  in   deal- 
ing with  plants  than  with  animals.     In  the  former  there 
seems  to  be  only  one  organ  or  system  of  organs  definitely 
developed  and  marked  off— namely,  the  organs  of  fructi- 
fication ;  and  these  had  accordingly  served  Linnaeus  and 
his  successors   as   the   leading  character  for    their    de- 
scriptive classification.     In  animals  there  are,  or  seem  to 
be  at  least,  four  or  five  well-defined  and  separated  sys- 
tems of   organs.      The    selection,  for    the    purposes    of 
classification  and  morphology,  was  much  more  difficult. 
Accordingly   we  find    Cuvier,   who    between    the   years  ^^^.32. 
1795  and  1817  devoted  himself  to  the  morphological 
and  anatomical  study  of  the  animal  kingdom,  hesitating 
in  the  selection  of   the  leading  character    according  to 
which  he  should  classify  and  arrange   it.     As  I   have 
had   occasion   to   remark    above,  ^   he    finally   in    1812 
settled  on  the  nervous  system  as  the  leading  character 
governing  the  figure  of  an   animal   organism.^      Before 


pose,  but  of  no  other  value.     The 
others,  known  as  'natural'  classi- 
fications, are  arrangements  of  ob- 
jects according  to  the  sum  of  their 
likenesses  and  unlikenesses,  in  re- 
spect   of    certain     characters ;     in 
morphology,  therefore,  such  classi- 
fications must  have  regard  only  to 
matters  of  form,  external  and  in- 
ternal.    And  natural  classification 
is  of  perennial  importance,  because 
the  construction  of  it  is  the  sapae 
thing  as  the  accurate  generalisation 
of  the  facts  of  form,  or  the  estab- 
lishment of  the  empirical  laws  of  the 
correlation  of  structure"  (Huxley  in 
'  Life  of  Owen,'  vol.  ii.  p.  283). 

1  See  vol.  i.  p.  130  of  this  history. 

'  On  the  gradual  development  of 
Cuvier's  classification  see  Carus, 
'Geschichte  der  Zoologie,'  pp.  602, 


612,    614.      "It    did    not    escape 
Cuvier  that  the  idea  of  subordina- 
tion is  artificial,  and  that  the  im- 
portance of  an  organ  can  only  be 
fixed      by      experience  —  namely, 
through  the  proof  of  its  constancy. 
Nevertheless  he  follows  this  prin- 
ciple, but  naturally  becomes  vacil- 
lating.     Thus  in  1795   he  names 
the  organs  of  reproduction,  to  the 
action  of  which  the  animal  owes  its 
existence,   and   the  organs  of  cir- 
culation,   on    which    depends    the 
individual      preservation     of     the 
animal,    as   the    most    important, 
whilst     in     1812,     following     the 
example  of  Virey,  he  declares   the 
nervous  system  to  be  that  system 
for  the  maintenance  of  which  the^ 
other    systems   solely   exist"   (ioc 
city  p.  602). 


I 
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V 


33. 
^«  Types." 


that,  he    had  already   adopted    from    Lamarck,!   whose 
many-sided  genius  has  made  a  lasting  impress  on  the 
history  of  natural  science  in  quite  a  different  direction, 
the  broad  morphological  division  of  the  animal  kingdom 
into  animals  with  or  without  backbone,  uniting  under 
the  former  designation  the  four  first  classes  of  Linnreus. 
The  more  we  follow  Cuvier  in  the  development  of  his 
classifying   attempts,   the   more  we   find   the   form,  the 
figure,  the  external  and  internal  structure,  urged  as  the 
aspect  from  which  the  organisation  of  living  creatures  is 
to  be  considered.     To  him  fixity  of  form  is  the  ever- 
recurring  character  of  organised  beings  as  distinguished 
from  inorganic    structures   which    depend   on    fixity  of 
i  matter.2     xhe  clearer  enunciation  of  this  fixity  of  form 
is  accompanied  in  Cuvier's  view  by  the  rejection  of  an 
idea  which,  before  him,  had  very  largely  governed  the 
speculations  of  naturalists.     This  idea,  by  which  Charles 
f  Bonnet  has  been  immortalised  in  natural  history,  is  the 
conception  of  a  graduated  scale  according  to  which  living 
creatures  can  be  arranged— viz.,  the  celebrated  £chelle  des 
\_:fctres,  coupled  with  the  axiom,  "  Natura  non  facit  saltus." 
This  idea  Cuvier  rejects  as  untenable,  and  introduces  in 
the  place  of  it  the  conception  of.  distinct  plans  called 
later  "  types,"  ^  according    to   which    living    beings   are 


1  "  An  indirect  inducement  for  a 
more  pointed  enunciation  of  the 
types  of  the  various  classes  was 
given  bv  Lamarck  in  1797  when 
he  placed  the  animals  with  white 
blood  as  '  invertebrates '  in  opposi- 
tion to  those  with  vertebrae  which 
expressions  (a  vertebres  and  sans 
vertebres)  come  from  him"  (ibid,, 

P-  612).  ,  .  XT  ••    . 

'^  See  Cuvier's  *  Eloge  of  Hauy 


(El.  iii.  p.  156,  &c.)  and  the  extracts 
from  it  and  from  the  '  Regne 
animal,'  given  in  the  first  volume 
of  this  History,  p.  129  and  notes 
passim. 

3  According  to  Cams  ('Gesch.  cl 
Zool.,'  p.  615),  the  term  "type," 
which  became  current  later,  was 
introduced  by  De  Blainville,  a  philo- 
sophical naturalist  who  held  a 
kind  of  middle  position    between 


modelled,  and  which  have  always  existed.  These  types 
or  archetectonic  models  are  capable  of  certain  modifica- 
tions, which,  however,  do  not  affect  the  main  features  of 
the  plan.  The  different  classes  of  these  main  types, 
called  "  embranchements,"  and  designated  as  backboned, 
molluscous,  articulate,  and  radiated  animals,  stand  near 
each  other  in  independence  and  form  no  scale.^ 

The  morphological  view  of  nature  took  a  somewhat 
different  turn  in  De  Candolle,  the  successor  of  Jussieu  in 
botany,  who,  while  greatly  indebted  to  Cuvier,  acknow- 


34. 
De  Candolle. 


Cuvier  and  his  opponent,  Geoffroy 
St  Hilaire.  In  1816  Blainville  gave 
the  "  principles  of  a  new  classifica- 
tion of  the  animal  kingdom,  in 
which,  for  the  first  time,  the  totality 
of  structure  of  animals  was  used  to 
characterise  larger  divisions."  He 
divides  animals  first  of  all  into 
three  sub-kingdoms — symmetrical, 
radiate,  and  those  without  regular 
form.  De  Blainville  seems  to  have 
been  an  inspiring  teacher,  whose 
ideas  became  suggestive  and  fruitful 
in  many  other  minds.  Nearly  the 
whole  of  the  third  volume  of 
Comte's  'Philosophic  Positive'  is 
written  under  a  sense  of  obligation 
to  De  Blainville,  whose  '  Cours  de 
physiologie  gdndrale  et  compar^e' 
1829-32)  Comt«  considers  "comme 
le  type  le  plus  parfait  de  I'etat  le 
plus  avancd  de  la  biologie  actuelle  " 
(vol.  iii.  p.  269,  Paris,  1838).  The 
'Philosophic  Positive'  was  dedi- 
cated to  Fourier  and  De  Blain- 
ville. How  the  latter  also  antici- 
pated the  modern  conceptions  of 
"Stoffwechsel"and  "Metabolism" 
see  Claude  Bernard,  'Phenomenes 
de  la  vie  communs  aux  animaux 
et  aux  v^getaux'  (1885,  vol.  i. 
p.  36). 

^  It  is  historically  interesting  to 
Dote  that  about  the  time  when 
Cuvier  wae  gradually  defining  more 


rigidly  his  four  classes,  Lamarck 
was  working  at  his  *  Histoire  natur- 
elle  des  Animaux  sans  vertebres,'  of 
which  the  *Syst^me,'  &c.  (Paris, 
1801),  can  be  considered  the  first 
edition,  the  larger  work  appearing 
from  1816  to  1822.  With  him  there 
is  no  mention  of  a  plan  or  a  type. 
His  classes  form  a  progressive  series, 
and  he  was  the  first  to  follow  the 
path  from  the,  simple  to  the  more  f 
complex.  In  opposition  to  Cuvier, 
he  thus  wrote  :  "  La  nature,  dans 
toutes  ses  operations,  ne  pouvant 
procdder  que  graduellement,  n'a 
pu  produire  tons  les  animaux  h  la 
fois  :  elle  n'a  d'abord  forme  que  les 
plus  simples,  et  passant  de  ceux-ci 
jusques  aux  plus  composes,  elle  a 
^tabli  successivement  en  eux  dif- 
ferents  syst^mes  d'organes  par- 
ticuliers,  les  a  multiplies,  en  a 
augmente  de  plus  en  plus  I'energie, 
et  les  cumulant  dans  les  plus  par- 
faits,  elle  a  fait  exister  tons  les 
animaux  connus,  avec  I'organisation 
et  les  facultes  que  nous  leur  ob- 
servons.  Or,  elle  n'a  rien  fait 
absolument,  ou  elle  a  fait  ainsi." 
(*  Hist,  des  Animaux  sans  vertebres,' 
2nd  ed.,  par  Deshayes  et  Milne 
Edwards,  Bruxelles,  1837,  vol.  i. 
p.  42.  Cf.  also  Carus,  loc.  cit., 
p.  615.) 
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ledges  yet  another  prominent  influence  in  the  forma- 
tion of  his  ideas.  Cuvier,  the  zoologist,  contemplating 
the  existing  forms  of  nature  from  one  of  the  two  main 
points  of  view,  was  impressed  with  the  contrast  be- 
tween the  lifeless  and  the  living,  seeing  in  the  latter 
stability  of  form,  not  of  substance, — what  we  should 
now  term  dynamical  equilibrium.  To  him  the  vor- 
tex is  the  symbol  of  life.  De  CandoUe  in  studying 
plants  is  struck  with  the  underlying  regularity  and 
symmetry  of  their  formation.  His  views  were  formed 
after  very  extensive  practical  occupation  with  descriptive 
botany,  which  was  followed  by  a  lengthy  residence  in 
Paris,  where,  next  to  Cuvier,  he  came  greatly  under 
the  influence  of  the  Abbe  Hauy,  the  founder  of 
crystallography.^  From  the  Jussieus  he  learnt  the  im- 
portance of  looking  at  the  "ensemble,"  the  "port  et 
aspect"  (facies,  habitus);^  from  them  and  Cuvier  the 
value  of  the  principle  of  the  subordination  of  characters, 
and  the  correlation  of  parts  in  the  organisation  of  the 
whole.^      But  he   fastens   mostly   upon   the   underlying 


1  De  Candolle,  'Th^orie  ^lemen- 
taire  de  la  Botanique,'  2nd  ed., 
Paris,  1819,  p.  72  :  "  Je  dois  encore 
compter,  au  nombre  des  causes  qui 
ont  influd  sur  I'amelioration  des 
methodes  botaniques,  d'un  cdt^  les 
perfectionnemens  importans  que  la 
classification  zoologique  a  recus, 
principalement  par  les  travaux 
philosophiques  de  M.  Cuvier,  trav- 
aux qui  ont  reagi  sur  quelques 
parties  de  la  Botanique  elle-meme, 
et  dont  je  m'honore  d'avoir  profit^  ; 
de  I'autre,  les  importans  travaux  de 
M.  Haiiy  sur  les  lois  de  la  crystallisa- 
tion, et  notamment  sur  les  d^crois- 
semens  des  ranges  de  molecules  des 
cristaux,  lois  par  lesquelles  j'ai  ^t^ 


conduit  k  quelques-unes  des  ideas 
que  j'exposerai  dans  le  livre  sui- 
vant."  Cf.  also  '  Organographie 
veg^tale,'  Paris,  1827,  vol.  ii.  p. 
237. 

2''Theorie  dlementaire,'  p.  89; 
also,  p.  216. 

3  This  principle  is  stated  very 
clearly  by  Cuvier  in  many  places— 
e.g.,  in  the  celebrated  "Discours" 
prefaced  to  the  'Recherches  sur 
les  Ossemens  Fossiles'  (3rd  ed., 
4to,  1825,  vol.  i.  p.  47):  "Tout 
etre  organist  forme  un  ensemble, 
un  syst^me  unique  et  clos,  dont  les 
parties  se  correspondent  mutuelle- 
ment,  et  concourent  h,  la  meme 
action  definitive  par  une  reaction 
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regul0jity_JLnd-^syiEnifiiiy,  and  studies  the  causes  which 
in  the  actual  visible  specimens  of  plant  life  veil  and 
cover  up  this  symmetry ;  as  Haiiy  ^  had  taught  us  in 
crystallography  to  recognise  the  primitive  forms  which 
appear  changed  by  the  phenomena  of  decrescence.^  De 
Candolle  accordingly  enters  very  fully  into  the  theory 
of  abortiYfi,.-jdegenerate,  and  coalejced_fprms,  recurring  1 
again  and  again  to  the  statement  that  the  "  ensemUe " 
of  nature  tends  to  make  one  think  ''  that  all  organised       35. 

°  Regularity 

beings  are  regular  in  their  most  intimate  structure,  and  g^^^^^ 
that  various   and   differently  combined  abortive   efforts 
produce  all   the   irregularities  which   strike  our  glance 
and  embarrass  our  combinations."^     And  the  morpho- 

r&iproque.  Aucune  de  ces  parties 
ne  pent  changer  sans  que  les  autres 
changent  aussi ;  et  par  consequent 
chacune  d'elles,  prise  sdpar^ment, 
indique  et  donne  toutes  les  autres." 

1  Cf. 'Theor.  elem.,'p.  116,  where 
he  draws  a  parallel  between  the  two 
methods  in  crystallography  repre- 
sented by  Romd  de  I'lsle  and  Haiiy 
and  similar  methods  in  botany.  He 
reverts  to  this  frequently — e.g., 
'  Organographie, '  vol.  ii.  p.  237, 
where  he  says:  "Le  premier  rai- 
sonnait  comme  ceux  des  botanistes 
qui  voyaient  une  feuille  ou  une 
corolle  comme  un  tout  unique, 
entaille  sur  ses  bords  par  une  cause 
inconnue ;  le  second  m'a  servi  de 
guide  lorsque  j'ai  tent^  de  montrer 
que  les  decoupures  diverses  des 
organes  v^g^taux  terraient  essenti- 
ellement  aux  modes  varies  ct  aux 
degr^s  divers  de  leur  agr^gation." 

'^  'Thdorie  eldmentaire,'  p.  186  : 
"  Les  avortemens,  les  soudures  des 
parties,  leurs  d^g^udrescences,  ne 
sent  pas  plus  des  suppositions  de 
desordre  ou  d'imperfection  oans  les 
etres  organises,  que  les  d^rois- 
semens  des  molecules  ne  sont  des 
desordres  dans  la  cristallisation." 


^  ^Th^orie  elementaire,'  p.  97, 
&c. ;  also  p.  236  :  "  La  vraie  science 
de  I'histoire  naturelle  gen^rale  con- 
siste  dans  I'^tude  de  la  sym^trie 
propre  a  chaque  famille,  et  des 
rapports  de  ces  families  entr'elles  ; 
toute  la  reste  n'est  qu'un  ^chafaud- 
age  plus  ou  moins  industrieux  pour 
parvenir  a  ce  but. "  And  '  Organo- 
graphie vegetale,  vol.  i.  p.  x.  : 
"  L'organographie  est  la  base  com- 
mune de  toutes  les  parties  de  la 
science  des  etres  organises ;  con- 
siderde  en  ce  qui  tient  a  la  sym^trie 
des  etres,  elle  est  le  fondement  de 
toute  la  theorie  des  classifications, 
&c."  And  again,  ibid.,  vol.  ii.  239  : 
"  Plus  le  nombre  des  etres  connus 
a  augmente,  plus  on  les  a  etudies 
avec  soin,  plus  ou  s'est  convaincu 
de  ce  principe  que  j'ai  ^t^  le  pre- 
mier, ou  I'un  des  premiers  k  enoncer 
dans  sa  gdneralit^,  qu'il  est  presque 
certain  que  les  etres  organises  sont 
symetriques  ou  reguliers  lors  qu'on 
les  consid^re  dans  leur  type,  et 
que  les  irrdgularit^s  apparentes 
des  vegetaux  tiennent  k  des  ph^no- 
m^nes  constans  entre  certaines 
limites,  et  susceptibles  d'exister, 
soit  sdpar^ment,   soit   rdunis,   tela 
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logical    view    is    still    more    clearly    expressed   in    the 
further  analysis  of  their  regularity  and  symmetry.    The 
character  of   the   structure  is   to  be  found  in  the  ex- 
istence or  absence,  in  the  relative  or  absolute  position, 
number,  size,  and  shape  of  the  different  organs,^  whereas 
the   use   or   functions  of  the   organs,  as  well  as  their 
other    sensible    properties,^   are    considered    to    be,  not 
the  cause,  but  the  consequence,  of  their  structure,  and 
hence    of    little    importance    in    the    anatomy,   and   of 
none   in   the  classification,  of  plants,  whatever  may  be 
their  value  from  a  physiological  point  of  view.     "  But 
symmetry  supposes  a  primitive  plan  or  archetype,  and 
the  proofs  of  symmetry  are  those  of  a  general  order.' ^ 
"  The  natural  classification  of  organised  beings  consists 
in  appreciating  the  modifying  circumstances,  and  in  ab- 
stracting them  so  as  to  discover  the  real  symmetrical 
type  of  each  group."  *    Here  again  De  CandoUe  refers   to 
the  examples  of  the  crystallographer  and  the  astronomer, 
who  both  make  abstraction  of  the  disturbing  secondary 
influences  in  order  to  arrive  at  the  primitive  form  and 

ecrivains  irr^fl^chis   semblent  Tin- 
diquer  ;  I'usage,  quelle  que  soit  son 
importance  dans  I'dtude  physiolo- 
gique  dea  etres,  n'a  done  eu  lui- 
meme  qu'une  mediocre  importance 
dans    I'anatomie,    et    ne    peut  en 
avoir  aucune  dans  la  taxonomie. 
.   .  .   "  Ce  que  je  viens  de  dire  de 
i'usage  des   organes,   s'applique   h. 
bien  plus  forte  raison  encore  a  leurs 
qualit^s  sensibles,  qui  ne  sont  que 
des   consequences    plus    ou  moins 
directes  de  leur  structure,"  &c. 

3  Ibid.,  p.  185.      *  Ibid.,  p.  188. 

^  See  especially  the  chapter  De 
la  Symetrie  vegetale"  at  the  end 
of  the  '  Organographie,'  vol.  n.  P- 
236  sqq. 


que  I'avortement  ou  la  d^g^n^r- 
escence  de  certains  organes,  leur 
soudures  entre  eux  ou  avec  d'autres, 
et  leur  multiplication  d'aprfes  des 
lois  regulieres." 

1  'Th^orie  ^l^m.,'  p.  147:  "La 
symetrie  organique  se  compose  d'un 
certain  nombre  d'el^meus  dont  les 
principaux  sont:  I'existence ;  la 
position  relative  ou  absolue  ;  le 
nombre  relatif  ou  absolu  ;  la  gran- 
deur relative  ou  absolue  ;  la  forme  ; 
I'usage  ;  la  duree  ;  .  .  .  les  qualit^s 
sensibles,"  &c. 

2  Ibid.,  p.  170:  "L  usage  des 
organes  est  une  consequence  de 
leur  structure,  et  n'en  est  nulle- 
ment    la    cause,    comme    certams 
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the  true  orbit.  It  follows  that  "we  must  study  the 
different  species  as  constant  things,"  ^  and  that  this  is  a 
more  "  dignified  "  occupation  for  a  "  naturalist  than  the 
accumulation  of  doubtful  cases  in  favour  of  the  non- 
permanence  of  species."  2  He  agrees  with  Cuvier  in 
rejecting  the  older  idea  of  the  "  ^chelle  des  etres,"  ^  and 
he  praises  the  sagacity  of  Linnaeus,  who  suggests  that 
the  vegetable  kingdom  resembles  a  geographical  chart,* 
— an  idea  which,  in  the  hands  of  several  French  and 
German  botanists,  has  become  a  fruitful  conception. 

In  De  Candolle  we  meet  with  a  repeated  accentuation 
of  the  recurring  symmetry  of  form,  of  the  existence  of  ; 
definite    primitive    types,    in    the    vegetable    kingdom.  I 
Simultaneously  with  him  there  was  labouring   another 
thinker  and  keen  observer  of  nature,  who  was  primarily 
struck  by  the    resemblance   exhibited    in   the   different 
parts  or  organs  of  one  and  the  same  plant,  and  searched 
for  the  type  or  plan  on  which  they  were  modelled.     He 
introduced    into   the  vocabulary   of    scientific    language 
the   expression    "  metamorphosis    of    plants."      It    was  ^^^^36.^ 
Goethe   the  poet  who,  in   1790,  published   under  this  ^jf^^^'^* 
title  his  first  contribution  to  morphological  science.     In 
subsequent  publications  and  essays,  covering  the  last  forty 


^  "Th^orie  dl^mentaire,"  p.  195. 

2  Ibid.  '^  Ibid.,  p.  230. 

*  "Linn6  a  le  premier,  avec  sa 
sagacity  ordinaire,  compare  le  r^gne 
vegetal  k  une  carte  geographique  ; 
cette  mdtaphore,  indiquee  dans  son 
livre  par  un  seul  mot,  a  dt^  de- 
velopp^e  ensuite  par  Giseke,  Batsch, 
Bernardin  de  Saint-Pierre,  L'H^r- 
itier,  Petit  -  Thouars,  &c.  Et 
quoi  qu'on  ne  doive  la  prendre  que 
pour  une  simple  image,  cette  image 


est  tellement  juste,  tellement 
fdconde  en  consequences  utiles, 
qu'il  est  peut  -  etre  convenable 
d'entrer  dans  quelques  details 
ult^rieurs.  Je  suppose  pour  un 
moment  cette  carte  ex^cutee ;  les 
classes  rdpondent  aux  parties  du 
monde,  les  families  aux  royaumes, 
les  tribus  aux  provinces,  les  genres 
aux  cantons  et  les  especes  aux 
villes  ou  villages,"  &c.  (Theor. 
^l(5m.,  p.  231). 
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years  of  his  extraordinary  life,  he  again  and  again  reverts 
to  the  subject,  which  with  him  is  only  one  chapter  in  the 
extensive  science  of  morphology,  of  which  he  was  mdeed 
the  first  to  form  a  general  conception.     Goethe  s  ideas 
hardly  influenced  the  course  of  science,  but  in  the  history 
of  thought  they  form  a  remarkable  anticipation  of  later 
views,  and  have  accordingly  been  frequently  referred  to 
by  contemporary  writers,  notably  by  Haeckel  and  Huxley 
in  their  important  works  on  Morphology  and  Evolution. 
Of  the  foremost  scientific  writers,  De  CandoUe  was  almost 
the  only  one^  who,  during  Goethe's  lifetime,  referred  to 
his  views  with  approbation;  seeing  in  his  theory  of  the 
metamoi-phosis  of  the  leaf  a  truly  admirable  divmation" 
of  ve<.etable  organisation.      Saint  -  Hilaire's  honourable 
mention  of  Goethe's  morphological  contributions  to  zoology 
came  only  just  in  time  to  be  seen  by  Goethe  himself. 


1  See  *  Organographie,'  vol.  i.  p. 
551 :  "Les  parties  de  chaque  rangee 
ou  de  chaque  verticille   sont   sus- 
ceptibles  de  se  transformer  dans  la 
nature  de  la  rangee  qui  la  touche 
immediatement.     Ainsi  I'on  trouve 
des     sdpales     changes     en    nature 
petaloide  {Primula  calcycanthcma), 
des   petales   changes   en   ^tammes 
(Capsdla      Bursa  -  pastons),      des 
etamines    changees     en     carpelles 
(Magnolia  fuscata),  ou    bien    1  in- 
verse, savoir :  des  carpelles  changees 
en  Etamines  {Euphorbia  palustns), 
des   diamines  changes  en  petales 
(toutes  les  fleurs  doubles),  ou  les 
petales  transformes  en  nature   de 
calice  {Ranunculus  abortivus).     M. 
Goethe  a  tres-heureusement  designe 
la  premiere  de  ces  series  de  trans- 
formations sous  le  nom  de  Mitamor- 
phose  ascendantc  ou   directe,  et  la 
seconde  sous  celle  de  Metamorphose 
descendante  ou  inverse." 
2  Ibid.    vol.  ii.  p.  243  :    "  C  est 


ainsi  qu'en  voyant  a  mamere 
v^ritablement  admirable  dont  M. 
Goethe,  quoiqu'  habituellemeut 
occupy  d'idees  si  differentes,  a 
comme  devine  I'organisation  vege- 
tale,  on  est  bien  tent^  de  croire 
qu'il  I'a  moins  invente  quil  na 
g^n^ralis^  avec  genie  quelques  f aits 
partiels  heureusement  choisis. 
This  was  written  in  1827. 

3  See  Goethe's  '  Werke    (Weimar 
edition,    Abth.   II.    Bd.   vii.),    the 
review  of  "Principes  de  Philosophie 
Zoologique.      Discutes     en      Mars 
1830  au  sein  de  I'academie  royale 
des     sciences    par     M.     Geotfroy 
Saint-Hilaire,  Paris,  1830, '  especi. 
ally  p.  181,  and  dated  Sept.  1830. 
In  1831  Geoffroy  says  of  the  unity 
I   of   organisation:    "  Elle    est    pre- 
sentement  acquise  au  do^^^^^^,,^,^ 
I'esprit  humain;  et  I'honneur  dun 
succ^s  aussi  memorable  appartient 
k  Goethe."     Quoted  by  Huxley  m 
'  Life  of  Owen,'  vol.  ii.  p.  2yi. 
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What  did  great  harm  to  Goethe's  correct  anticipations 
was  the  fact  that  in  optics  he  had  unsuccessfully  com- 
bated the  generally  accepted  Newtonian  theory  of 
colours,^  and  that  his  morphological  glimpses  were 
taken  up  by  Schelling  and  his  school  and  incorpor- 
ated in  the  fantastic  speculations  of  the  philosophy 
of  nature.  They  shared  the  fate  of  this  and  passed 
into  temporary  oblivion.  _ 

The  idea  of  the  fixity  of  certain  forms  in  nature,  of 
the  archetectonic  modelling  of  her  objects  according  to 
certain  archetypes,  which  Cuvier  had  put  forth  as  the 
result  of  extensive  observation  and  inductive  exam- 
ination of  living  and  fossil  forms,  which  in  De  Candolle 
was  connected  with  the  conception  of  geometrical  order, 
regularity,  and  symmetry,  found  in  Goethe's  mind  an_^^^3j.^^ 
artistic  sanction.  "  It  is,"  as  the  historian  of  botany  type, 
has  remarked,  "  the  idealistic  conception  of  nature  which 
looks   upon  the  organic  forms  as  continually  recurring 


1  A  full  discussion  of   Goethe's 
theory  of  colours  will  be  found  in 
two  addresses  of  Helmholtz :    the 
first,  from  the  year  1853,  was  re- 
printed   in    the    first    volume    of 
his   often -quoted    ^Vortriige    und 
Reden ' ;  the  second  was  delivered 
nearly   forty    years    later    at    the 
meeting  of  the  Goethe  Society  at 
Weimar,  in    June    1892.      In   the 
latter  Helmholtz   significantly   re- 
fers to  the  great  revolution  which 
in  the  interval  had  come  over  scien- 
.  tific  thought  through  the  general  re- 
I  cognition  of  the  principles  of  energy 
i  and  of  evolution.     By  the  light  of 
these  we  are  better  able  to  under- 
stand the  shadowy  but  nevertheless 
truthful  anticipations  contained  in 
Goethe's    poetical     and     scientific 
writings.      Helmholtz    traces    the 
errors  of   Goethe's  colour  -  theory 


largely  to  the  fact  that  he  worked 
with  imperfect  apparatus  and  im- 
pure colours  ;  that  "  he  never  had 
before  his  eyes  perfectly  purified 
homogeneous  -  coloured    light,   and 
hence    would    not    believe    in    its 
existence.      On     this     difficulty," 
Helmholtz  continues,  "  of  complete 
purification  of  the  simple  spectral 
colours,  a  man  like  Sir  D.  Brewster 
foundered,    who   was    much   more 
experienced  and  clever   in^  optical 
experimenting    than    Goethe,   and 
was   equipped   with   the   best   in- 
struments "  (Goethe's  '  Vorahnung 
kommender  naturwissenshaftlicher 
Ideen,'    by    H.     von     Helmholtz, 
Berlin,    1892,    p.    30).      Cf.    also 
Helmholtz's  Memoir  on  Brewster's 
Analysis  of  Sunlight,  1852.      Re- 
printed in  Wissenschaftl.  Abhandl., 
vol.  ii. 
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imitations  of  eternal  ideas  in  the  sense  of  Plato,  and 
which   confounds   these   abstractions  of  the  mind  with 
the  objective  nature  of  real  things." '     Nevertheless,  we 
must  recognise  that  through  the  vague  and  poetical  ex- 
positions of  Goethe's  writings  there  is  to  be  seen  the 
fruitful  idea  of  the  change,  the  instability,  of  forms,  as 
an  equally  important  side  of  reality.^     In  fact,  Goethe 
oscillates  in  his  half-formed  theories  between  the  ideal 
archetypes  of  Plato  and  the  more  recent  conceptions  of 
Darwin  and  Spencer,  as   is  proved  by  the  vivid    even 
passionate,  interest   which    he    took    in   the   celebrated 
controversy  of  Cuvier  and  Saint-Hilaire  in  the  French 
Academy  of   Sciences  in  the  year  1830,-an  incident 
which  carries  us  into  the  midst  of  the  ideas  with  which 
the  following  chapter  will  be  occupied. 

Before  we  take  up  those  entirely  different  Imes  of 
observation  and  reasoning,  we  must  note  a  great  ex- 
pansion and  development  of  the  study  of  the  form  o 
natural  objects-of  morphology-in  two  independent 
directions.  ,  One  of  these  carried  the  study  of  forms 
I  into  the  larger  dimensions  of  time  and  space,  the  past 

1  Sachs,  •  Geschichte  der  Botanik, 
p.  181. 


2  Of  Goethe  Huxley  says  ('Life 
of   Owen,'  vol.    ii.    p.    290)  :    "  On 
the  face  of  the  matter  it  is  not 
obvious  that  the  brilliant  poet  had 
less  chance  of   doing  good  service 
in  natural  science  than  the  dullest 
of     dissectors    and    nomenclators. 
Indeed     there    was     considerable 
reason,  a  hundred  years   ago,  for 
thinking   that   an   infusion  of   the 
artistic  way  of   looking   at   things 
might  tend  to  revivify  the  some- 
what mummified  body  of  technical 
zoology  and   botany.     Great  ideas 
(  were  floating   about ;   the  artistic 


apprehension  was  needed   to  give 
these  airy  nothings  a  local  habit- 
ation   and    a    name;    to    convert 
vague    suppositions     into    defanite 
hypotheses.     And  I  apprehend  that 
it    was    just    this    service    which 
Goethe  rendered  by   writing   his 
essays  on  the  intermaxillary  bone, 
on  osteology  generally,  and  on  the 
metamorphosis  of  plants.       A  very 
full  appreciation  of  Goethe  s  merit 
will  be  found  in  all  the  principal 
writings  of  Ernst  Haeckel,  notably 
in  the  fourth  chapter  of  the  trst 
volume  of  the  *  Naturliche  Schop- 
fungsgeschichte,'  9th  ed.,   Berlin, 
1898. 
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of  history  and  the  morphological  changes  of  the  earth ; 
the  other  carried  it  into  those  small  dimensions  where 
the  unaided  eye  sees  only  sameness  and  repetition,  but  \ 
where  the  microscope  reveals  the  hidden  structure,  the 
internal  and  minute   forms,  of  which  living  matter  is 

made  up. 

I  have  already  pointed  out  how  the  great  travellers 
of  the  second  half  of  the  eighteenth  century — Banks, 
Pallas,  and  Humboldt  —  carried  the  study  of  nature 
beyond  the  narrow  limits  of  the  museum  and  the  work- 
room into  the  larger  area  of  nature,  of  the  present  and 
the  past  world.  Camper  in  Holland,  Hunter  and  Monro 
in  this  country,  Blumenbach  and  Soemmering  in  Ger- 
many, Saussure  in  Geneva,  towards  the  end  of  the  eigh- 
teenth and  the  beginning  of  the  nineteenth  century  had 
bec^un  to  unite  these  scattered  discoveries  and  records 
into  somethincr  like  order  and  system.  It  was  again  as. 
the  great  merit  of   Cuvier  ^  to   publish   a   monumental  toiogy. 


^  Of  the  labours  of  other  natural- 
ists who  preceded  Cuvier,  a  very 
full  account  will  be  found  in  a  post- 
humous work  of  Ducrotay  de  Blain- 
ville,  edited  by  M.  Pol  Nicard  and 
entitled  '  Cuvier  et  Geoffroy  Saint- 
Hilaire'  (1890).  The  author,  as  is 
well  known,  was  for  some  time  a 
colleague  and  collaborator  of  Cu- 
vier, with  whom  he  fell  out,  partly 
from  personal  reasons,  partly  owing 
to  the  whole  bent  of  his  scientific 
researches,  which  was  much  more 
philosophical  than  that  of  Cuvier. 
He  had  a  very  great  appreciation 
of  Lamarck  at  a  time  when  that 
speculative  naturalist  was  unknown 
or  treated  with  neglect,  not  to  say 
with  ridicule.  The  criticisms  of  De 
Blainville  on  Cuvier  must  be  taken 
with    caution ;     nevertheless    his 


works  and  lectures  had  a  great 
influence  on  the  development  of 
the  more  philosophical  side  of  nat- 
ural science  in  France,  as  many  al- 
lusions of  Auguste  Comte,  Flourens, 
Claude  Bernard,  &c.,  sufficiently 
prove.  In  the  chapter  on  Palaeont- 
ology in  the  work  on  Cuvier  (p. 
380,  &c.),  De  Blainville  does  fuH 
justice  to  Camper,  Blumenbach, 
Soemmering,  and  other  Continental 
naturalists,  with  whose  labours 
Cuvier,  through  his  German  educa- 
tion, was  better  acquainted  than 
his  French  colleagues.  There  is 
also  a  significant  remark  of  his 
on  the  fact  that  Cuvier  was  essen- 
tially a  collector  and  dissector, 
a  man  of  the  museum  and  the 
library,  not  an  outdoor  naturalist 
(p.  241). 
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work    on    the    subject    and    to    found    the    science  of 
paL-eontology.       His    researches    in    this    subject   were 
based  upon  the  collection  of  fossil   remains  which  had 
been   begun  by  Daubenton   for  the  natural  history  of 
Buffon  and  which  he  arranged  and  largely  increased ;  on 
the  collection  which  Camper  had  made  at  Amsterdam; 
on  descriptions  which  he  procured  from  all  the  collectors 
of  Europe ;  notably  from  Blumenbach  ;  on  his  excavations 
together  with  Brogniart  in  the  environs  of  Pans.     As 
early  as  1798  he  announced  his  intention  of  collecting 
everj-thing  that  was  known  on  fossil  remains  in  a  great 
tableau-a  plan  which  was  not  realised  till  1812,  when 
his  many  separate  publications  were  united  in  the  great 
work  on  the  "  Ossements  fossiles."  and  was  only  completed 
by  the  greatly  revised  and  augmented  edition  of  1821. 
This  work   is   important   in   morphological   science,  not 
only  because  it  contains  many  accurate  and  still  highly 
valued  descriptions  of  "  extinct  species,"  but  also  because, 
in  its  celebrated  introduction '  on  the  revolutions  on  the 
surface  of  our  globe,  it  takes  a  comprehensive  view  of  the 
changing  aspects  which  succeeding  ages,  divided  by  great 
catastrophes  characterised  by  distinct  geological  formations 


1  In  this  introduction  (p.  52  of 
vol.  i.)  there  is  also  to  be  found  the 
celebrated  passage  in  which  Cuvier 
says  that  by  the  appHcation  of  his 
principle   of    the    "correlation    of 
parts"  he  could,  if   he  only  pos- 
sessed one  well-preserved  fragment 
of  a  bone,  determine  everything  as 
certainly  as  if  he  possessed  the  whole 
animal— a  statement  on  which  De 
BlainviUe  {loc.  cU.,  p.  417)  has  some 
very  pertinent  remarks  :      Ce  ne 
sont  pas  des  anatomistes  veritables 
comme  I'etaient  Hunter,  Camper, 


Pallas,   Vicq-d'Azyr,    Blumenbach, 
Soemmering     et     Meckel    qui    se 
seraient    ainsi   avances,   et  M.   U 
Cuvier  aurait  ete   bien  embarasse 
lui-meme,  si  on  I'avait  pris  au  mot, 
et  cependant  c'est  cette  assertion 
qui  restera  f  ormulee  dans  la  bouche 
des  ignorants, "  &c.     Cuvier  by  this 
method     determined    and    classed 
more  than  150  mammals  (loc.  ciL, 
p.  53).     A  more  favourable  view  ot 
Cuvier's  work  on  fossil  remains  is 
taken  by  Huxley,  '  Life  of  Owen, 
vol.  ii.  p.  297. 
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and  by  the  fossil  remains  of  extinct  organic  creations,  pre- 
sented on  the  surface  of  our  earth.     "  What  is  certain," 
says  Cuvier  at  the  close  ^  of  this  celebrated  discourse, "  is 
that  we  are   now  at   least  in  the   middle  of  a   fourth 
succession  of  terrestrial  animals,  and  that  after  the  age 
of  reptiles,  after  that  of  the  palseotheria,  after  that  of 
the  mastodons,  the  megatheria,  there  has  come  the  age 
when  the  human  race,  supported  by  some  domestic  animals, 
peaceably  rules  and  cultivates  the  earth,  and  that  it  is  only 
in  the  countries  formed  since  this  epoch  in  the  recent 
alluvial  deposits,  peat-bogs,  and  concretions,  that  we  find 
in  a  fossil  condition  those  bones  which  belong  to  animals 
known  and  now  living."     Such  is  the  rSsumd  of  the  ideas 
which  had   followed  —  nay,  even  tormented^  —  Cuvier 
during  his  researches  into  fossil  remains,  and  which  led 
him  to  the  conclusion  ^  "  that  it  required  great  events 
to  bring  about  the  important  differences  which  he  recog- 
nised " differences  which  the  slow  "influence  of  weather, 

or  of  climate,  or  of  domestication,"  could  not  explain, 
but  which  required  the  violent  action  of  sudden  "  catas- 
trophes," ^  which  frequently  "  disturbed  the  life  on  this 
planet  by  frightful  events,"^  "broke  off  the  thread  of 
operations,"^  "none  of  the  present  agencies  of  nature 
sufficing  to  produce  her  bygone  works."  ^ 


1  "Discours  sur  les  revolutions 
de  la  surface  du  globe  et  sur  les 
changemens  qu'elles  ont  produits 
dans  le  r^gne  animal,"  reprinted  in 
the  3rd  ed.  of  the  '  Recherches  sur 
les  ossemens  fossiles,'  1825,  vol.  i. 

p.  172. 

2  "  Ccs  idees  m'ont  poursuivi,  je 
dirai  pitesque  tourmente,  pendant 
que  j'ai  fait  les  recherches  sur  les  os 
fossiles,  dont  j'ai  donne  depuis  peu 


au  public  la  collection,  recherches 
qui  n'embrassent  qu'une  si  petite 
partie  de  ces  phenomenes  de  I'avant- 
dernier  S,ge  de  la  terre,  et  qui 
cependant  se  lient  k  tous  les  autres 
d'une  maniere  intime"  ('  Discours,' 
&c.,  p.  140). 

3  Ibid.,  p.  3.        ^  Ibid.,  p.  8. 

6  Ibid.,  p.  9.         6  Ibid.,  p.  14. 

7  "Ainsi,  nous  le  r^petons,  c'est 
en  vain  que  Ton  cherche,  dans  les 
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These  words,  which  embody  a  conception  since  appro- 
priately termed  "  catastrophism,"  and  which  picture  to 
the  mind's  eye  a  succession  of  morphological  changes  of 
the  entire  aspect  of  our  globe,  were  written  at  a  time 
when  in  this  country  especially,  through  the  labours  of 
Hutton,   an  entirely  opposite  view  was   gradually  pre- 
rarinc      With  this  we   shall  deal  in   another  chapter. 
The  Cuvierian  conception  of  epochs  in  geology  harmon- 
ised  with    that    of    distinct  types   of    organic  creation. 
These  exhibit  in  space,  as  those  do  in  time,  certam  defimte 
and  distinct  morphological  characters-ie.,  certam  typica 
forms  and  structures  on  a  vast  or  a  small  scale,  around 
which  the  features  of   events  and   individuals  seem  to 
oscillate,  and  which  permit  us  scientifically  to  classify, 
describe,  and  comprehend  them.     This  conception  gave 
the  tone  to  a  long  line  of  researches  on  the  Continen 
and  in  this  country  in  geology  as  well   as  in  natural 

^'1r  the  study  of  these  typical  forms  and  structures  in 
which  nature  repeats  herself,  reverting  again  and  again 
to  them,  but  in  every  single  case  departing  more  or  less 
from  them ;  in  the  study  of  this  order  without  monotony, 
this  change  without  confusion,  this  variety  of  forms  in 
which  leading  features  are  always  recognisable,-the  dis- 
covery of  analogies  played  a  very  prominent  part 
Goethe's  metamorphosis  of  plants  is  based  upon  the 
analogy  of   their  different  organs:   before  he  published 


forces  qui  agissent  maintenant  U  la 
surface  de  la  terra,  des  causes  suf- 
fisantes  pour  produire  les  revolu- 
tions et  les  catastrophes  dont  son 
enveloppe  nous  montre  les  traces ; 


et  si  I'on  veut  recourir  aux  forces  ex- 
t^rieures  constantes  connues  ]usqu  a 
present,  I'on  n'y  trouve  pas  plus  de 
ressources"  (ibid.,  p.  20). 
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this  first  morphological  fragment  he  had  already — led 
by  analogy — discovered  the  intermaxillary  bone  in  the 
upper  human  jaw.  Later  he  and  Oken  independently 
traced  the  analogy  between  the  skull  and  the  vertebral 
column  in  vertebrate  animals,  a  view  which  was  taken 
up  by  eminent  anatomists,  such  as  Meckel,  Spix,  and 
Geoffroy  Saint-Hilaire.^  The  tendency  which  lay  in  these 
attempts,  of  which  the  metamorphosis  of  plants  and  the 
vertebral  theory  of  the  skull  are  only  prominent  examples, 
is  one  which  was  naturally  provoked  by  the  opposite 
tendency  which  anatomical  studies  had  received  through 
Linn^us  and  Cuvier.  Goethe  himself  gives  a  clear  ex- 
planation of  its  origin.  In  a  remarkable  passage  in  the 
history^  of  his  botanical  studies,  he  mentions  Shake- 
speare, Spinoza,  and  Linnaeus  as  Ihe  three  masters  who 
had  led  him  to  reflect  on  the  great  problems  of  art,  of  life,, 
and  of  natvire.  Now,  he  says,  the  influence  of  Linnfeus 
lay  principally   in   the   opposition   which   he   provoked. 


'  A  good  account  of  the  part 
which  the  vertebral  theory  of  the 
skull  played  in  comparative  an- 
atomy will  be  found  in  Whewell's 
History,  vol.  iii.  p.  369,  &c.  But 
see  against  this  Huxley  in  '  Life  of 
Owen '  (vol.  ii.  p.  304) :  "  The  hypo- 
thesis that  the  skull  consists  of 
modified  vertebrae,  advocated  by 
Goethe  and  Oken,  and  the  subject 
of  many  elaborate  works,  was  so 
little  reconcilable  with  the  mode  of 
its  development  that,  as  early  as 
1842,  Vogt  threw  well-founded 
doubts  upon  it.  '  All  efiforts  to  in- 
terpret the  skull  in  this  way,'  said 
he,  '  are  vain. ' " 

-  See  the  Weimar  edition  of  his 
Scientific  Works,  vol.  ii.^  The 
passage  given  in  the  text  is  from 
an  earher  account  contained  in  two 
numbers  of    the   *  Morphologische 


Hefte'  (1817),  reprinted  loc.  cit.,  p. 
389,  &c.  How  Goethe  continually 
hovered  between  the  theory  of 
types  and  that  of  development  is 
seen  in  the  following  passage  (1831, 
W.  W.,  vol.  vi.  p.  120):  "Das- 
Wechselhafte  der  Pflanzengestal- 
ten,  dem  ich  liingst  auf  seinem 
eigenthiimlichen  Gange  gefolgt, 
erweckte  nun  bei  mir  immermehr 
die  Vorstellung :  die  uns  umge- 
benden  Pflanzenformen  seien  nicht 
urspriinglich  determinirt  und  fest- 
gestellt,  ihnen  sei  viehmehr,  bei 
einer  eigensinnigen,  generischen 
und  specifischen  Hartnackigkeit, 
eine  gliickliche  Mobilitat  und 
Biegsamkeit  verliehen,  um  in  sa 
viele  Bedingungen,  die  iiber  dem 
Erdkreis  auf  sie  einwirken,  sich 
zu  fiigen  und  darnach  bilden  und 
umbilden  zu  konnen." 


1! 
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"  For  as  I  tried   to  take  up  his   sharp   and  suggestive 
distinctions,  his  expressive,  useful,  but  frequently  ai^bi- 
trarv  laws,  there  arose  in  me  an  inner  conflict :  what 
he  tried  forcibly  to  hold   asunder,  tended  according  to 
the  innermost  demands  of  my  nature  to  be  umted."   And 
as  the  process  of  dividing,  classifying,  and  keepmg  apart 
went  on  among  the  successors  of  linnffius,  so  it  must 
have  produced  in  many  genuine  observers  of  nature  a 
tendency  similar  to  that  which  Goethe  describes.     They 
would    emphasise    the    resemblances    and    analogies  of 
natural  objects  and  their  organs  in  proportion  as  the 
classifiers  had  separated  and  distinguished  then.     And 
it  was  just  as  likely  that  the  artistic  mmd  of  Goethe 
miaht  succeed  in  "  lifting  the  veil  of  nature    as  Hum- 
bofdt  1    put    it,    when-  he    transmitted    to    Goethe   his 
suc'c^estive   work   on   the    geography   of    plants    and  as 
Huxley  2  repeated  in  1894.     Indeed  it  was  the  former 
who  on  the  largest  scale,  had  traced  those  analogies  and 
correspondences    in   nature   which   are   so   much  dearer 
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1  See  Goethe's  own  account  (in 
Werke,  2  Abth.,  vol.  vi.  P^  163) ; 
"Sollte    jedoch    meine     Eitelkeit 
einigermassen  gekrankt   sein    dass 
man   weder  bei    Blumen,   Minern, 
noch    Knochelchen   meiner   weiter 
gedenken  mag,  so  kann  ich  mich 
In   der    wohlthatigen    Theilnahrae 
eines  hochst  geschatzten  Freundes 
genugsam  erholen.      Die  deutsche 
Uebersetzung  seiner  Ideen  zu  einer 
Geographie     der     Pflanzen     nebst 
einem   Naturgemalde  der   Tropen- 
lander  sendet  mir   Alexander  von 
Humboldt   mit   einem  schmeichel- 
baften  Bilde,  wodurch  er  andeutet, 
dass    es    der     Poesie    wohl    auch 
eelingen   konne   den    Schleier   der 
Natur  aufzuheben ;    und  wenn  er 
€8  zugesteht,  wer  wird  es  leugnen  ? 


2  See   quotation   supra,    p.    246 
note;  also  (*  Life  of  Owen  vol.  u. 
p  288)  •  "  The  cultivator  of  botany, 
who  went  beyond  the  classification 
of  '  hav,'  became  familiar  with  tacts 
of  the'same  order.     Indeed,  flower- 
ing  plants   fairly   thrust   morpho- 
loiical    ideas    upon   the  observer 
Flowers    are   the    primers  of   the 
morphologist ;  those  who  run  may 
read   in  them  uniformity  of  type 
amidst    endless     diversity,    single- 
ness of  plan  with  complex  multi- 
plicity of   detail.      As  a  musician 
might  say,  every  natural  group  of 
flowering  plants  is  a  sort  of  visible 
fugue  wandering   about  a  central 
theme    which    is    never    forsaken, 
however    it     may,     momentarily, 
cease  to  be  apparent. 


to  the  poetical  mind  of   Goethe,  and   all  other  artists, 
than  the  separations  and  classifications  of  the  men  of 
science.     "  It  is  one  of  Humboldt's  uncontested  merits 
that  he,  in   order  to  prove   the   unity  which   rules  in 
the  formation  of  the   earth,   searched   for   analogies  in 
the   geological    constitution    of    distant    countries.      As 
we  see  him  pointing  out  numerous   novel   coincidences 
between    the    formations   of    Mexico    and    Hungary,   so 
likewise   we    owe    to    him    suggestive    hints    for    other 
similar  comparisons." '     But  the  man  in  whose  labours 
the  tendency  of  thought  which  was  uncritically  followed 
by  Goethe,  and  magnificently  represented  in  Humboldt, 
found  the  clearest  scientific  expression,  so  far  as  animated 
nature  is  concerned,  was  iStienne  GeofProy  Saint-Hilaire,  ^^Ji^^ 
the  friend  and  colleague  and   then   the   great   rival   of  ^^ 
Cuvier.2      No  one  recognised   more   clearly   the   deeper 
sicrnificance  of  the  great  outburst  of  the  two  conflicting 
ways  of  viewing  nature  in  the  Paris  Academy  of  Sciences 
in  1830  than  Goethe  himself,  who  in  the  eighty-first  year 
of  his  life  was  deeply  stirred  by  seeing  his  favourite  ideas  ' 
espoused  by  a   scientific   authority   of   the  first  order.^ 


1  See  Julius  Ewald  in  the  third 
volume  of  the  '  Leben  Hum- 
boldt's' by  Bruhns  (German  edi- 
tion), p.  184. 

2  See  Huxley  in  '  Life  of  Owen, 
vol.  ii.  p.  293. 

3  Eckermann  in  the  *  Conversa- 
tions with  Goethe '  gives  the  follow- 
ing remarkable  account,  under  date 
2nd  August  1830:  "The  news  of 
the  outbreak  of  the  French  Revolu- 
tion arrived  to-day,  and  created 
excitement  everywhere.  In  the 
course  of  the  afternoon  I  went  to 
Goethe.  'Well,'  he  called  out  to 
me,  'what  do  you  think  of  this 


great  event  ?  The  volcano  has  come 
to  an  eruption,  everything  is  in 
flames,  and  it  is  no  longer  a  dis- 
cussion with  closed  doors.'  'A 
dreadful  affair,'  I  replied.  'But 
what  else  could  one  expect  under 
the  well-known  circumstances  and 
with  such  a  ministry,  but  that  it 
would  end  with  the  expulsion  of  the 
Royal  Family  V  'We  do  not  seem 
to  understand  each  other,  my 
friend,'  retorted  Goethe.  '  I  am  m 
nowise  speaking  of  those  people  ;  I 
am  concerned  with  quite  different 
things.  I  speak  of  that  most  im- 
portant conflict  which    has    come 
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Similarly  the  aged  Gauss,  twenty-four  years  later,  listened 
with  emotion  when  Pdemann,  in  his  celebrated  disserta- 
tion, touched  a  string  that  had   been  vibrating  in  the 
master's  soul  for  fifty  years,  unheard  or   unheeded  by 
any  other  thinker.^     We  can  best  understand  the  two 
ways  of  reasoning  in  natural   objects,  which   found  an 
expression  in  the  controversy  between  Cuvier  and  Saint- 
Hilaire,  if  we  read  the  account  which  Goethe  himself 
subsequently  published  in  a  Berlin  periodical :  "  Cuvier 
labours  untiringly  as  a  distinguisher,  describing  accur- 
ately what  lies  before  him,  and  thus  attains  a  command 
over  a  great   breadth  of  facts.      Geoffroy  Saint-Hilaire, 
on  the  contrary,  is  silently  exercised  about  the  analogies 
of  living  creatures  and  their  mysterious  relations."  ^     The 
two  men  had  worked  as  colleagues  for  thirty-eight  years, 
Cuvier  continuing  and  defining  more  clearly  the  classi- 
fying work  of  Linnaeus,  who,  for  example,  had  thrown 
all  non-vertebrate  animals  into  one  class.     This  led  him 


to  pass   in   the  Academy  between 
Cuvier  and  Geoffroy  Saint-Hilaire, 
and   which  is  of   such   importance 
to    science.'      This    utterance   .of 
Goethe  was   so  unexpected   to  me 
that  I  did  not  know  what  to  say, 
and  that  for  some  minutes  I  ex- 
perienced a  complete   cessation  of 
my  thoughts.      'The  matter  is  of 
the  greatest  importance,'  continued 
Goethe,   'and   you    have    no    idea 
what  I   feel   concerning   the   news 
of  the  19th  July.     We   now  have 
a     mighty     ally     permanently     in 
Geoffroy.     But  I  also  see  from  it 
how  great   is   the   interest   of   the 
scientific  world  in   France   in   this 
matter,  as,  in  spite  of  the  frightful 
poUtical   excitement,   the    meeting 
took    place    in   a   crowded    house. 
What  is  best  is,  that  the  synthetic 
treatment  of  nature,  introduced  by 


Geoffroy  in  France,  cannot  again 
go  back.  ...  I  have  for  fifty 
years  laboured  in  this  cause ;  first 
alone,  then  supported,  and  at  last, 
to  my  great  delight,  excelled  by 
congenial  minds.  .  .  .  This  event 
is  for  me  of  incredible  value,  and 
I  rejoice  rightly  over  the  ultimate 
general  victory  of  the  cause  to 
which  I  have  dedicated  my  life, 
and  which  also  is  essentially  my 

own. 

1  On  this  incident  see  the  prefa- 
tory notice  in  Riemann's  'Mathe- 
matische  Werke,'  ed.  Weber,  Leipzig, 
1875,  p.  517  ;  also  the  13th  chapter 
of  this  volume. 

2  Goethe  in  the  '  Berliner  Jahr- 
biicher  fiir  Wissenschaftliche  Kri- 
tik,'  vol.  ii.,  1830,  September,  re^ 
printed  in  Werke  II.  vol.  vn.  p.  1^' 
sqq. 
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finally  in  1817  to  establish  the  four  great  classes— the 
vertebrate,  the  molluscous,  the  articulate,  and  radiated 
types—in  the  animal  kingdom.  His  colleague  had  con- 
tributed much  to  Cuvier's  work,  but  had  been  increas- 
ingly struck  by  what  he  termed  the  "  unity  of  organic 
composition,"  which  he  evermore  looked  upon  as  a  key  ^ 
to  the  comprehension  of  nature:  he  searched  for  one 
plan  or  type  where  Cuvier  saw  four  types.  In  1^18 
he  published  his  principle  in  a  celebrated  work  with 
the  title,  ^Th^orie  des  Analogies,  ou  de  Philosophic 
Anatomique/ ^  It  has  been  correctly  stated  that  he 
only  gives  more  precise  expression  to  a  truth  known 
to  Aristotle  and  proclaimed  by  Butlbn,  that  the  mystery 
of  organisation  consists  in  "  unity  of  plan  combined  with 
variety  of  composition."  Cuvier  emphasised  and  studied 
the  latter,  his  colleague  the  former.  Foi  an  intimate 
knowledge  and  description  of  natural  objects  the  work 
of  distinguishing  is  all  important ;  for  a  comprehension 
of  nature  the  connection  of  things,  the  unity  of  plan, 
the  filiation  and  relations  of  beings,  the  mutability  of 
species,  will  ever  be  the  more  important  and  fascinating. 
The  former  was  a  purely  scientific,  the  latter  a  philo- 

M 


42. 
Cuvier  and 
Geoifroy. 


^  See  Goethe's  detailed  Report, 
loc.  ciL,  Werke  II.  vol.  vii.  p.  173. 
A  very  full  account  of  this  cele- 
brated controversy  is  also  given  in 
the  posthumous  work  of  Ducrotay 
de  Blainville,  *  Cuvier  et  Geoffroy 
Saint-Hilaire,  Biographies  scientif- 
iques,'  ed.  Nicard,  Paris,  1890, 
pp.  357-378,  which  is  specially  in- 
teresting, because  Geoffroy 's  ideas 
were  there  traced  to  Lamarck  (p. 
351),  of  whom  Goethe  takes  no 
notice. 

'^  See  the  "  Eloge  Historique 
d'Etienne  Geoffroy   Saint-Hilaire," 


par  P.  Flourens,  in  the  third  volume 
of  his  'Recueil  des  Eloges,'  &c., 
Paris,  1862,  pp.  229-281.  He  quotes, 
inter  alia,  a  passage  from  Vicq- 
d'Azyr  :  "  La  nature  semble  operer 
tou jours  d'apres  un  module  primitif 
et  general  dont  elle  ne  s'^carte  qu' 
h  regret,  et  dont  on  rencontre  par- 
tout  des  traces.  ...  On  observe 
partout  ces  deux  characteres  que  la 
nature  semble  avoir  im primes  k  tons 
les  etres,  celui  de  la  Constance  dans 
le  type  et  celui  de  la  variete  dans 
les  modifications,"  &c.  (p.  276). 
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sophical,  task.     Both  thinkers  were  right,  hut  only  par- 
tially right,  as  Huxley  has  clearly  shown ;  ^  but  it  was 
natural  that  Cuvier  s  position  should  for  a  long  time  be 
regarded  as  the  stronger ;  since  he  had  shown  how,  by 
derailed  research,  to  increase   enormously  the   stock  of 
actual  knowledge  about  the  things  of  nature ;  whereas 
the    uncritical   and    only   half    practical    suggestions  of 
Goethe    had    undergone    in    the    wild    speculations   of 
Schelling,  Steffens,  and  Oken  a  development  that  fright- 
ened off  men  of  exact  thought.     Cuvier  saw  the  necessity 
of  crying  halt  to  these  vague  dreams  which  he  had  the 
merit  of  opposing,  for  the  lasting  benefit  of  true  science, 
with  the  full  force  of  his  great  authority.^ 

As  in  France  and  Germany  so  also  in  England,  the 
tendency  to  distinguish  minutely,  to  describe,  to  classify, 
and  in  doing  so  to  fill  the  museums  with  new  specimens, 


1  *  Life  of  Owen,'  vol.  ii.  p.  296  : 
/  "  The  irony  of  history  is  nowhere 
'  more    apparent    than    in    science. 
Here  we  see  the  men  over  whose 
minds  the  coming  evente   of   the 
world  of  biology  cast  their  shadows, 
doing  their  best  to  spoil  their  case 
in   stating  it ;  while  the  man  who 
[  represented  sound  scientific  method 
is  doing  his  best  to  stay  the  inevit- 
able progress  of  thought  and  bolster 
up  antiquated  traditions.    The  pro- 
gress of  knowledge  during  the  last 
seventy  years  enables  us  to  see  that 
neither   Geofifroy   nor    Cuvier   was 
altogether     right     nor     altogether 
wrong ;  and  that  they  were  meant 
to  hunt  in  couples  instead  of  pull- 
ing against  one  another.' 

•^  As  to  Cuvier's  own  wavering  on 
the  great  question  of  the  fixity  of 
species,  see  Huxley,  loc.  cit.,  p.  294  : 
"During  the  earlier  part  of  his 
career,  I  doubt  if  Cuvier  would 
have    categorically  denied   any   of 


Geofifroy's  fundamental  theses.  And 
even  in  his  later  years  Sir  Charles 
Lyell,   many   years   ago,  gave  me 
reasons  for  the  opinion  that  Cuvier 
was  by  no  means  confident  about 
the  fixity  of  species.      There  was 
never  any  lack  of  the  scientific  im- 
agination  about   the  great    anato- 
mist ;  and  the  charge  of  indifference 
to  general  ideas,  sometimes  brought 
against   him,  is   stupidly   unjust. 
And  further,  p.  295  :  "  In  later  We, 
however,  Cuvier  seems  to  have  be- 
come  so   much   disgusted    by  the 
vagaries    of    the    Naturphilosophie 
school,  and  to  have  been  so  strongly 
impressed   by  the   evil   which  was 
accruing  to  science  from  their  ex- 
ample, that  he  was  provoked  mto 
forsaking    his     former    wise    and 
iudicious  critical  attitude ;  and  m 
I  his  turn  he  advocated   hypotheses 
which  were  none  the  better  than 
those  of  his  opponents." 
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and  to   discover    and    arrange    systematically  unknown 
and  extinct   species,   got    the   upper  hand  for    a    long 
time.      No    one  has   done    better   work    in    this    large 
field  than  Eichard   Owen,  who  has  been  termed  with  ^.^^43^ 
some  propriety  the   British  Cuvier.     But  in   following  o^«^- 
the  Hues  and   filling   up   the    schedules   which    Cuvier 
had  prepared,  Owen  and  other  ^  contemporary  workers 
in  the  same   field   have   also   had   the   great   merit  -of 
bringing    the    Cuvierian    view    to    the    point   where    it 
clearly   leads   on   to   another   and   more   comprehensive 
view  of  nature.     In  the  first  place,  it  happened  that 
in  findincy  and  describing  the  remains  of  extinct  animals, 
increasing   difficulty   was   experienced  2    in   deciding   to 
which   of   the  great   existing    groups    of    animals    they 
should  be  assigned.     There  arose  the  necessity  of  in- 
terpolating species  between  groups  which  we  now  look 
upon  as  widely  separated.     The  necessity  arose  of  form- 
ing the  conception  of  what  is  now  termed  the  "inter- 


1  Huxley,  loc.  ciL,  p.  310  :  "Un- 
less it  be  in  the  '  Ossements  fossiles,' 
I  do  not  know  where  one  is  to  look 
for  contributions  to  palaeontology 
more  varied,  more  numerous,  and, 
on  the  whole,  more  accurate,  than 
those  which  Owen  poured  forth  in 
rapid  succession  between  1837  and 
1888.     Yet  there  was  no   lack  of 
strong  contemporaries  at  work  in 
the    same    field.      De    Blainville's 
'  Osteographie  '  ;     Louis    Agassiz's 
monumental  work  on  fossil  fishes, 
achieved    under    the    pressure    of 
great  obstacles  and  full  of  brilliant 
suggestions ;  Von  Meyer's  long  series 
of  wonderfully  accurate   memoirs, 
with  their  admirable   illustrations 
executed    by   his    own   hands,    all 
belong  to  Owen's  generation." 

^  See  on  this  Carua,  '  Geschichte 

VOL.  II. 


der  Zoologie,'  p.  648,  and  Huxley, 
loc.  cit.,  p.  309,  where  reference  is 
made  to  Owen's  memoir  '*  on  an  ex- 
tinct mammal  discovered  in  South 
America  by  Darwin  in  1833,  which 
Owen  named  Taxodon  Platensis.  It 
is  worthy  of  notice  that  in  the  title 
of  this  memoir  there  follow,  after 
the  name  of  the  species,  the  words 
'  referable  by  its  dentition  to  the 
Rodentia,  but  with  affinities  to 
the  Pachydermata  and  the  herbi- 
vorous Cetacea ' ;  indicating  the 
importance  in  the  mind  of  the 
writer  of  the  fact  that,  like  Cuvier's 
Anoplotherium  and  Palceotherium, 
Taxodon  occupied  a  position  be- 
tween groups  which,  in  existing 
nature,  are  now  widely  separated. 
The  existence  of  one  more  'inter- 
calary '  type  was  established. " 

R 
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44. 

Study  of 
homology. 


calary  type."  Especially  through  palseontological  finds, 
the  landmarks  were  gradually  removed  which  separated 
the  distinct  species  and  groups  of  organised  beings. 
It  had  happened  to  Cuvier  only  in  single  instances 
that  he  had  to  record  resemblances  between  widely 
separated  groups.  Such  resemblances  became  more  and 
more  frequent  and  perplexing.  In  the  second  place, 
Owen  had  the  great  merit  of  giving  more  definite  ex- 
pression  to  the  conception  of  analogies,  as  developed 
principally  by  the  school  which  Cuvier  opposed.  In 
fact,  he  revised  and  brought  into  general  use  the  term 
"  homology,"  which  had  already  been  used  by  French  and 
German  "anatomists   before   him.^      This  term   signified 


1  Great  importance  has  been  at- 
tached to  the  term  "homology," 
which,   to  a  reader   uninitiated  m 
the  complicated  and  changing  vo- 
cabulary  of   the    natural  sciences, 
presents    not     a    little    difficulty. 
It    is    a     good     example     of     the 
classical  saying  of   Goethe,    "  dass 
wo   Begriffe  fehlen,   da   stellt    em 
Wort  zu  guter  Zeit  sich  ein."     In 
the  attempt  to  define  the  current 
term   "homology,"  in  seeking  for 
numerous  examples  of  hornologies 
as  distinguished  from  analogies,  nat- 
uralists were  led  to  the  recognition 
of  real,  not  only  of  verbal  or  logical 
distinctions.     In  this  respect  it  is 
most    instructive   to  read    Owen's 
treatise    *  On   the   Archetype    and 
Homologies     of     the     Vertebrate 
Skeleton '  (1848),  the  enlarged  re- 
print of  a  Report  to   the   British 
Association  in  1846.     In  it  he  gives 
a  pretty  full  history  of  the  term 
homology,  which  in  the  first  half  of 
the  nineteenth  century  became  cur- 
rent with  special  meanings  in  three 
independent    sciences.     With    the 
precision    of    the    usage,   both    in 
geometry  and  chemistry,  the  vague- 


ness of  the  term  as  used  by  nat- 
uralists stands  in  characteristic  con- 
trast.    "  The  corresponding  parts," 
Sir    R.    Owen    there    says   (p.   o), 
"in  different  animals  being  made 
namesakes,   are   called    technically 
'homologues.'     The  term  is  used 
by  logicians   as   synonymous  with 
'homonyms,'  and  by  geometricians 
as  signifying  'the  sides  of  similar 
figures  which  are  opposite  to  equal 
and   corresponding    angles,'   or    to 
parts     having     the    same    propor- 
tions:    it   appears    to    have    been 
first    applied    in   anatomy  by  the 
philosophical    cultivators    of    that 
science     in      Germany.      Geofifroy 
Saint- Hilaire   says,    '  Les    organes 
des  sens   sont   homologues,   comme 
s'exprimerait     la     philosophic    Al- 
lemande  ;   c'est  -  a  -  dire  qu'ils  sont 
analogues     dans     leur     mode     de 
developpement,  s'il  existe  veritable- 
ment  en  eux  un  meme  principe  de 
formation,  une  tendance  uniforme 
a  se  r^peter,  a  se  reproduire  de  la 
meme   fagon.'"      After  remarking 
on  the  looseness  of  this  definition, 
Owen   proceeds   to  give    his  own, 
taken    from   the    "Glossary'    ap- 


correspondence  of  parts  or  organs  based  not  so  much  on 
external  likeness  as  on  similarity  of  origin.  By  admit- 
ting the  latter  conception,  the  idea  of  origin,  the  rigidity 
of  the  purely  structural  classification  was  lost.  Morpho- 
logy became  the  science,  not  of  fixed,  but  of  flowing 
forms  and  structures.  It  is  remarkable  that  Owen,  in 
following  up  this  line  of  reasoning,  was  pre-eminently  at- 
tracted to  the  oracular  writings  of  Oken,  whose  influence 
his  great  forerunner  Cuvier  had  combated  with  all  his 


pended  to  the  first  volume  of  his 
'  Huuterian  Lectures,'  as  follows  : 
"  *  Analogue ' — A  part  or  organ  in 
one  animal  which  has  the  same 
function  as  another  part  or  organ 
in  a  different  animal."  "  '  Hom- 
ologue ' — The  same  organ  in  dif - 
erent  animals  under  every  variety 
of  form  and  function."  He  then 
goes  on  to  distinguish  "special," 
"general,"  and  "serial"  homology. 
For  a  history  of  thought  the  impor- 
tant point  in  all  these  discussions 
is  that,  besides  the  similarity  of 
structure  and  the  sameness  of 
function,  relations  and  points  of 
comparison  of  a  different  kind 
were  introduced  ;  that  these  were, 
with  more  or  less  clearness,  traced 
to  development ;  and  that  through 
this  the  genetic  view,  the  doctrine 
of  descent,  was  prepared  by  those 
who,  like  Owen,  were  least  ready 
to  accept  it  when  it  appeared  in  a 
definite  form.  In  the  light  of  this 
new  view,  of  which  the  next 
chapter  will  treat,  the  whole  vocab- 
ulary of  the  older  morphologists 
required  recasting.  These  older 
views,  which  traced  homology  to 
the  existence  of  definite  types, 
models,  or  patterns  possessing  a 
purely  ideal  existence,  have  been 
termed  Platonic,  inasmuch  as  in 
the  philosophy  of  Plato  the  exist- 
ence of  a  world  of  ideal  forms  or 


archetypes  served  to  explain  what- 
ever of  order  is  found  in  the  real 
world  of  separate  things.  "The 
term  '  homology,' "  says  Prof.  Ray 
Lankester,  "  belongs  to  the  Platonic 
school,  but  is  nevertheless  used 
without  hesitation  by  those  who 
reject  the  views  of  that  school. 
Prof.  Owen  .  .  .  would  understand 
by  '  homologue '  the  same  organ 
in  different  animals  under  every 
variety  of  form  and  function.  .  .  . 
But  how  can  the  sameness  of  an 
organ  under  every  variety  of  form 
and  function  be  established  or  in- 
vestigated ?  This  is,  and  always 
has  been,  the  stumlDling-block  in 
the  study  of  homologies  without 
the  light  of  Evolutionism ;  for,  to 
settle  this  question  of  sameness, 
an  ideal  '  type '  of  a  group  of 
organisms  under  study  had  to  be 
evolved  from  the  human  mind, 
after  study  of  the  component 
members  of  the  group  ;  and  then 
it  could  be  asserted  that  organs 
might  be  said  to  be  the  '  same ' 
in  two  animals  which  had  a 
common  representation  in  the 
ideal  type "  ('  Annals  and  Mag. 
of  Natural  History,'  4th  series, 
vol.  vi.,  1870,  p.  34,  &c.)  See  also 
Huxlev  in  *  Life  of  Owen,'  vol.  ii. 
p.  303,  &c.  ;  and  J.  Arthur  Thom- 
son, 'The  Science  of  Life,'  p.  32 
(1899). 
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45. 
The  cellular 
theoiy. 


might,  and  who  "  provided  him  with  the  subject-matter 
of    his    severest    as    well    as    of    his    most   justifiable 

sarcasms."  ^ 

The  great  extension  of  the  morphological  or  struc- 
tural view  of  nature  into  distant  time  and  space — into 
paleontology  by  Cuvier  and  Owen,  into  geography  by 
Humboldt,  Ritter,  and  others — i.e.,  morphology  on  an 
extensive  scale — led  to  an  appreciation  of  the  labours 
of  a  different  class  of  students  of  nature,  namely,  those 
^vho — also  on  a  large  or  a  smaller  scale — investigated 
the  agencies  which  bring  about  and  the  laws  which 
govern  the  change  of  forms.  I  have  now  to  mention 
the  last  great  contribution  to  the  purely  morphological 
view,  I  mean  the  cellular  theory,  which  tended  ultimately 
in  a  similar  direction. 

The  earlier  researches  into  the  minute  microscopic 
structure  of  organised  beings — such  as  those  of  Malpighi 
and  Grew  in  the  seventeenth  century — were  conducted 
by  persons  who  took  an  equal  interest  in  animal  and 
plant  life.2  But  this  class  of  research  soon  fell  into 
the  hands  of  specialists,  with  the  result  that  anatomy, 
the  science  of  animal  structure,  and  phytotomy,  that 
of  vec^etable  structure,  were  conducted  on  different  lines 


1  Huxley,  *  Life  of  Owen,'  vol.  ii. 

p.  315. 

2  Carus  ('  Gesch.  der  Zoologie,'  p. 
395)  mentions  especially  Malpighi 
(1628-1694)  as  an  exception,  inas- 
much as  he  conducted  his  researches 
from  a  purely  scientific  interest, 
keeping  them  free  from  extraneous 
practical  considerations.  "  In  his 
anatomy  of  plants  there  are  laid, 
moreover,  the  first  foundations, 
more  firmly  established  by  all  sub- 


sequent researches,  of  the  doctrine 
of  the  composition  of  all  organised 
bodies  out  of  cells,  which  has  given 
to  the  whole  conception  of  the  liv- 
ing creation  a  definite  starting- 
point,  and  in  the  sequel  a  firm  basis 
for  the  genetic  view."  See  also  on 
the  same  subject,  and  on  the  rela- 
tion of  structural  and  physiological 
researches  in  the  seventeenth  and 
eighteenth  centuries,  Sachs, '  Gesch. 
d.  Botanik,'  p.  351,  &c. 


and  for  different  purposes.  The  fact  that  the  organisa- 
tion of  the  higher  animals,  which,  for  medical  reasons,  is 
more  interesting,  can  be  roughly  divided  into  a  variety 
of  separate  organs  or  systems  of  organs,  each  of  which 
can  be,  to  some  extent,  studied  by  itself  as  we  study 
the  parts  and  workings  of  a  machine,  and  that  for  the 
physician  greater  interest  attaches  to  the  functions  of 
these  organs,  placed  anatomy  for  a  long  time  under  the 
influence  of  physiology,  which  is  the  science  of  the  per- 
formance, not  of  the  structure,  of  the  parts  of  living  crea- 
tures. Phytotomy,  on  the  other  side,  was  for  a  long  time 
neglected,  awaiting  the  greater  perfection  of  the  micro- 
scope. Thus  it  came  about  that  down  to  nearly  the 
middle  of  the  century  the  morphological  study  of  animals 
and  that  of  plants  were  pursued  without  much  mutual 
benefit  or  regard.  The  phytotomists  of  the  seventeenth 
century  had  established  the  fact  that  plants  are  built  up 
of  minute  parts  called  variously  utricles,  bladders,  vesicles, 
but  mostly  cells,  and  which  were  compared  with  the 
structure  of  the  foam  of  beer  or  the  cells  of  a  honey- 
comb.^    Different  forms  were  assigned  to  these  cavities, 


^  Aug.  Pyr.  de  Candolle  begins 
his  '  Orgaiiographie  '  (1827)  with 
the  words  :  *'  La  nature  intime  des 
vegetaux,  vue  aux  plus  forts  micro- 
scopes, offre  peu  de  diversites.  Les 
plantes  les  plus  disparates  par  leurs 
formes  extJrieures,  se  ressemblent 
b,  I'interieur  h,  un  degre  vraiment 
extraordinaire,"  &c.  ;  and  after 
going  back  to  the  observations  of 
Malpighi  and  Grew,  and  referring 
to  the  recent  ones  of  Mirbel,  Link, 
Treviranus,  Sprengel,  Rudolphi 
Kieser,  Dutrochet,  and  Amici,  men- 
tions Kieser's  *  Memoire  sur  I'Organ- 


isation  des  Plantes '  (Harlem,  1812) 
as  the  only  French  book  which  con- 
tains an  account  of  the  phytotomic 
researches  carried  on  by  the  Ger- 
mans, who,  after  the  lapse  of  a  cen- 
tury, were  the  first  to  take  up 
these  studies  again.  In  the  second 
chapter  De  Candolle  says  :  "  Le 
tissu  cellulaire,  consid^re  en  masse, 
est  un  tissu  membraneux  form^  par 
un  grand  nombre  de  cellules  ou  de 
cavites  closes  de  toutes  parts ; 
I'ecume  de  la  biere  ou  un  rayon 
de  miel  en  donnent  une  idde  gross- 
iere  mais  assez  exacte"  (p.  11). 


\A 
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Mohl. 


and  it  was   also  recognised  that  they  were  frequently 
elongated   into    tubes    or    joined   so  as   to   form  larger 
vessels.     In  all  these  researches  and  descriptions  para- 
mount importance  was  attached  to  the  form  and  rom- 
position  of  the  framework  of  this  cellular  arrangement, 
and  only  little  to  its  contents.     In  fact,  the  historiau 
of  botany^  characterises  the  period  from  1800  to  1840 
as  that  of  the  study  of  the  cellular  framework  of  plants. 
The  skeleton,  as    it    were,   of  plant   structure  received 
primarily  the  greater  attention.     In  the  course  of  these 
researches,  which,  with  a  few  important  exceptions,  were 
all  carried  out  in  Germany,  one  point  was  permanently 
settled,  namely,  that  "  the  cell  is  the  one  fundamental 
element  of  all  vegetable  structure."  ^     No  one  did  more 
to  establish  this  important  fact  than  Hugo  von  Mohl, 
whose  name  has  been  somewhat  cast  into  the  shade  by 
the    more    attractive    writings    of    Schleiden.      It    was 
Schleiden    who    first   brought   the  new   cellular  theory 
into  popular  recognition,  not  without  an  admixture  of 
errors,    which    had   to   be   gradually    eliminated  in  the 
various  controversies  with  which  his  name  is  connected. 


1  See  Sachs,  loc.  cit.,  p.  276,  &c. 
This  period  finds  its  consummation 
in  the  researches  of  Hugo  von  Mohl. 
It  begins  with  those  of  Brisseau 
Mirbel,  the  first  French  author  who 
took  up  this  line.  His  labours  were 
continued  and  criticised  by  a  long 
list  of  German  naturalists.  Sachs 
also  refers  to  the  erroneous  habit 
these  earlier  phytotomists  had  of 
getting  their  diagrams  of  what 
they  saw  by  the  microscope  made 
by  other  persons  who  were  sup- 
posed to  be  impartial — a  custom 
fortunately  abandoned  by  Mohl, 
who  in  his  drawings  did  not  give 


"undigested  copies  of  the  objects 
but  his  own  impressions  of  them  " 

(p.  281). 

2  Sachs  assigns  the  final  estab- 
lishment of  this  principle  to  the 
year  1831,  and  considers  it  as  one 
of  Mohl's  achievements,  since, 
although  it  had  been  already 
announced  by  Sprengel  and  Mirbel, 
it  had  not  been  sufficiently  m\>- 
ported  by  observations.  Even  the 
curious  but  antiquated  idea,  accord- 
ing to  which  the  spiral  fibre  formed 
a  fundamental  part  of  plant  sruc- 
ture,  survived  up  to  1830  (p.  323). 


But  the  highest  value  for  a  history  of  Thought  attaches 
to  this  point  for  a  different  reason.  In  it  the  long- 
separated  lines  ^  of  botanical  and  zoological  study  met 
again.  Immediately  after  the  appearance  of  Schleiden's  ^^^^^^^^ 
epoch-making  publication — and  partly  in  consequence  of  '^"Jj^ann. 
it — Theodor  Schwann  was  induced  to  collect,  in  1839, 
all  the  known  observations,  coming  principally  from 
the  school  of  Johannes  Mliller,  which  referred  to  the 
existence  and  formation  of  animal  cells,  and  to  utilise 
them  in  the  enunciation  of  his  great  generalisation, 
"that  there  is  one  universal  principle  of  development 
for  the  elementary  parts  of  organisms  however  different, 
and  that  this  principle  is  the  formation  of  cells."  ^ 


1  The  fourth  decade  of  the  cen- 
tury was  also  the  period  in  which 
physical  and  chemical  methods  and 
ideas  were — notably  in  France  and 
Germany  —  made  useful  for  ana- 
tomical and  physiological  research 
in  zoology  and  botany.  Sachs, 
however,  significantly  warns  us 
against  the  view,  which  has  since 
been  frequently  put  forward  in  an 
exaggerated  form,  that  the  physi- 
ology of  plants  consists  in  nothing 
but  applied  physics  and  chemistry 
(loc.  cit. ,  p.  393,  &c. )  That  Schwann 
himself  attached  the  greatest  im- 
portance to  this  point  can  be  seen 
from  the  preface  to  his  principal 
work.  This  appeared  in  1839,  and 
was  translated  into  English  by 
Henry  Smith,  and  published  by  the 
Sydenham  Society  in  1847  with  the 
significant  title,  '  Microscopical  Re- 
searches into  the  Accordance  in  the 
Structure  and  Growth  of  Animals 
and  Plants. '  The  translator  has  also 
attached  a  rendering  of  Schleiden's 
'Contributions  to  Phytogenesis,' 
which  appeared  first  in  Part  II.  of 
Miiller's  '  Archiv  fiir  Anatomie  und 
Physiologic '  in  1838,  and  was  also 


translated   in    '  Taylor's    Scientific 
Memoirs,'  vol.  ii.  part  6. 

2  Schwann,  loc.  cit.,  p.  165.  A 
little  farther  on  he  adds  the  follow- 
ing generalisation,  which  it  is  well 
to  read  in  the  light  of  more  recent 
researches  :  **  A  structureless  sub- 
stance is  present  in  the  first  instance, 
which  lies  either  around  or  in  the 
interior  of  cells  already  existing ; 
and  cells  are  formed  in  it  in  accord- 
ance with  certain  laws,  which  cells 
become  developed  in  various  ways 
into  the  elementary  parts  of  organ- 
isms."  It  is  clear  that  the  discovery  ^ 
of  what  may  be  called  the  morpho-  it 
logical  element  or  unit  of  organised 
structures  in  this  view  meant  the 
end  of  pure  morphology.  The 
problem  of  the  explanation  of  exist- 
ing forms  was  handed  over  to  the 
student  of  development,  to  the  gen- 
etic view  and  conception  of  nature. 
The  cellular  theory,  thus  enunci- 
ated in  its  greatest  generality  by 
Schwann,  has  formed  a  kind  of 
provisional  resting  -  place  in  the 
study  of  the  forms  and  changes  of 
living  nature ;  as  Newton's  gravita- 
tion formula  has  served  as  a  provi- 
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48. 
Transition 
to  the  study 
of  develop- 
ment. 


i  Morphologically  the  microscopic  examination  of  animal 
and  vegetable  tissues  had  thus  led  not  to  a  clearer  defini- 
tion of  the  great  differences  which  exist  in  the  forms  and 
structures  of  the  larger  and  the  full-grown  organisms,  but 
rather   to  a  conviction   of  their  intrinsic  and  essential 
sameness.     These  differences  could  not  be  explained  in 
the  purely  morphological   manner  in  which  Hauy  had 
shown  how  to  trace  the  difference  of  crystalline  forms 
to  the  shapes  and  configuration  of  the  "  molecules  in- 
tegrantes-'U  The  diversity  of  forms  had  to  be  traced  to 
processes  of  growth   or  development  —  i.e.,   the  purely 
morphological  examination  led  on  to  the  developmental 
or  genetic  study  of  organic  forms.     And  this  was  made 
still  more    evident   when    the   microscopic  examination 
revealed    yet    other    and    more    important  elements  in 
the  composition  of  organic  structures,   elements  which 
were    seemingly    quite    shapeless    or    amorphous.     The 
skeleton,  which  had  so  long  seemed  to  contain  the  key 
to  the  understanding  of  organic  forms,  the  framework  of 
the  plant  structure,  the  cell-walls  and  partitions,  with 
all  their  geometric  figures  and  arrangements,  turned  out 
to  be  of  quite  secondary  importance  compared  with  the 
cell  contents,  the  substance  called  in  animals  by  Dujardin 
sarcode,  and  in  vegetables  by  Von  Mohl  protoplasm,  and 
with  the  nucleus  or  cell-kernel,  which  had  been  discovered 
by  Robert  Brown.^     Accordingly  great  interest  attached 

cell  contents  by  Dujardin  preceded 
the  enunciation  of  the  cellular 
theory.  Brown's  discovery  was  re- 
ferred to  both  by  Schleiden  aud 
Schwann.  In  fact,  Brown's  re- 
searches were  much  better  known 
and  followed  up  in  Germany  than 
in  England.     His  papers  were  traus- 


sional  basis  for  physical  astronomy. 
Both  generalisations  involve  un- 
solved problems,  with  the  difference 
that  the  formulation  of  the  cellular 
,  theory  is  not  as  precise  as  that  of 
gravitation. 

1  Both  the  discovery  of  the  nucleus 
by  Robert  Brown  and  that  of  the 
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to  these  amorphous  ^  constituents,  and  chemical  investi- 
gations as  to  their  composition  were  added  to  the  previous 
microscopic  dissection.     The  purely  morphological  view 


lated  into  German  by  a  number  of 
botanists,  and  edited  in  five  volumes 
between  1825  and  1834  by  Nees 
von  Essenbeck.  He  did  not  collect 
his  original  ideas  into  any  great 
work  or  propound  a  new  system  of 
classification  as  did  Jussieu  and  De 
CandoUe,  whom  he  equals  in  scien- 
tific importance  ;  his  valuable  gen- 
eralisations were  given  occasion- 
ally in  his  numerous  monographs. 
Sachs  considers  him  more  advanced 
than  the  two  great  rivals  just 
named,  inasmuch  as  he  had  an 
appreciation  of  questions  of  devel- 
opment which  they  lacked  ('  Gesch. 
d.  Botauik,'  p.  121).  Humboldt 
called  him  "  botanicorum  facile 
princeps,"  and  succeeded  in  procur- 
ing for  him,  through  his  influence 
with  Sir  Robert  Peel,  a  pension  of 
£200  per  annum. 

^  The  definition  of  a  cell — i.e.,  of 
the  morphological  or  form-element 
of  organised  matter,  as  consisting 
of  a  membrane,  a  cell  content,  a 
nucleus,  and  a  nucleolus — stood  in 
contrast  with  Felix  Dujardin's  de- 
scription, in  1835,  of  a  living  sub- 
stance which  he  met  with  in  his 
researches  in  lower  animal  life,  and 
which  he  had  called  "sarcode."  In 
the  place  of  this  name — the  observa- 
tion of  Dujardin  being  little  noticed 
—Von  Mohl,  after  having  for  a  time 
accepted  the  erroneous  theory  of 
Schleiden  and  Schwann  as  to  cell- 
formation,  introduced  the  term 
"  protoplasma,"  which  has  been  re- 
tained in  science  as  the  name  of  the 
elementary  constituent  of  all  living 
matter  with  very  varying  defini- 
tions, according  to  the  different 
observations  of  animal  or  vegetable 
organisms  and  the  increasing  powers 
of  the  microscope ;  this  having  re- 
vealed structures  where  before  only 


formless,  amorphous  substance  had 
been  observed.  The  history  of 
these  fluctuations  of  opinions  and 
definitions  can  be  read  both  in  the 
older  histories  (Sachs,  Carus)  and 
the  more  recent  accounts.  Among 
these  numerous  expositions,  see 
especially  Yves  Delage,  '  L' Heredity 
et  les  grands  probl^mes  de  la  Bio- 
logie,'  1895,  p.  19,  &c.;  0.  Hertwig, 
'The  Cell,'  translated  from  the 
German  by  H.  J.  Campbell,  1895  ; 
and  the  most  recent  work  by  Dr 
Val.  Hacker,  'Praxis  und  Theorie 
der  Zellen  und  Befruchtungslehre,' 
Jena,  1899,  p.  10,  &c.  The  cellular 
theory  has  gained  enormously  in 
importance  and  in  popular  esteem, 
as  has  also  the  study  of  all  micro- 
organisms, through  its  application 
to  medicine  and  hygiene.  In  1847 
Rudolph  Virchow  founded  his  cele- 
brated "cellular  pathology,"  com- 
bining the  many  beginnings  of  the 
cellular  theory  which  had  been 
laid  by  others,  in  his  famous  axiom 
"  omnis  cellula  e  cellula."  He  gave 
up  the  theory  of  the  free  forma- 
tion of  cells,  proclaimed  the  doctrine 
of  the  genesis  of  cells — even  patho- 
logical ones — by  cell-division,  and 
adopted  Goodsir's  theory  of  the 
uninterrupted  filiation  of  the  ele- 
ments of  all  living  matter,  of  the 
autonomous  cells.  As  in  general 
biology,  so  also  in  cellular  path- 
ology, the  last  fifty  years  have 
witnessed  great  controversies  and 
many  special  theories,  one  of  the 
chief  difficulties  having  been  to  com- 
bine the  doctrine  of  the  autonomy 
or  individuality  of  the  cells  with  a 
correct  view  of  their  filiation  and 
connected  life.  In  spite  of  these 
many  changes  and  modifications,  the 
name  of  Schwann  still  stands  at  the 
opening  of  every  treatise  on  funda- 
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had  exhausted  itself.  The  fundamental  unity  of  the 
organisation  of  living  beings  had  been  proved ;  how  was 
their  actual  diversity  to  be  explained  ?  This  evidently 
required  considerations  of  a  very  different  kind.  What 
they  were  we  shall  see  in  the  next  chapter.  The  posi- 
tion of  the  morphologist  in  the  middle  of  the  century 
had  thus  become  one  of  considerable  perplexity.^  It  may 
be  compared  to  that  of  the  organic  chemist  about  the 
same  time.  The  older  ideas,  around  which,  under  the 
great  influence  of  Cuvier  and  De  Candolle  in  zoology 
and  botany,  of  Werner  and  Humboldt  in  geology,  the 
morphological  classification  and  description  of  natural 
objects  had  clustered  on  the  Continent,  had  become 
obsolete.^  The  doctrine  of  definite  types,  of  architec- 
tonic models,  or  of  distinct  ages  of  creation,  separated 
by  catastrophic  changes,  was  becoming  untenable ;  floras 
and  faunas  of  entirely  different  appearance  had  been 
revealed  in  other  countries  and  climates  in  the  distant 
past,^  or  in  the  great  newly-discovered  realm  of  living 


mental  biology,  and  that  of  Virchow 
at  the  origin  of  modern  pathology, 
as  the  greatest  practical  application 
of  the  cellular  theory.  An  exceed- 
ingly good  record  of  the  different 
and  changing  views  referring  to 
the  cell  will  be  found  in  the  chapter 
on  "Cell  and  Protoplasm"  in  J.^ 
A.  Thomson's  'Science  of  Life,' 
pp.   101-117. 

1  "  On  comprend  aisement  le 
decouragement  de  Robin  renoncjant 
k  edifier  son  'Traite  d'Anatomie 
generale,'  apres  avoir  tente  inutile- 
ment,  dans  sa  *  Chimie  anatomique,' 
de  penetrer  le  mecanisme  des 
phenomenes  moleculaires  s'accom- 
plissant  dans  les  corps  organises. 
La  morphologie,  pourtant,  n'avait 
pas    dit    son    dernier    mot,   et    la 


barriere  bio-chimique  ^tait  moins 
rapprochee  que  le  ne  croyaient  les 
disciples  de  Comte  et  de  De 
Blainville "  (Herrmann,  article 
"Cellule"  in  'La  Grande  Ency- 
clopedie,'  vol.  ix.  p.  1060). 

2  Owen,  in  the  very  instructive 
"  General  Conclusions"  to  the  third 
volume  of  the  *  Anatomy  of  Verte- 
brates'  (1868),  clearly  points  out 
how  the  position  of  Cuvier  has 
been  made  untenable  by  these 
discoveries:  "As  my  observations 
and  comparisons  accumulated,  with 
pari  passu  tests  of  observed  phenom- 
ena of  osteogeny,  they  enforced  a 
reconsideration  of  Cuvier's  con- 
clusions to  which  I  had  previously 
yielded  assent "  (p.  188).  "  Accord- 
ingly    these   results   of  extensive, 


forms  only  accessible  to  the  microscope.  The  metamor- 
phosis of  the  different  organs  in  the  plant  had  been  sug- 
gested by  Wolf,  and  more  fully  demonstrated  by  Goethe. 
Unity  of  organisation  had  been  proclaimed  by  Saint- 
Hilaire  and  De  Blainville,  and  the  ultimate  identity  of 
the  elementary  structure  of  animals  and  plants  had  been 
demonstrated  by  Schleiden  and  Schwann.  How  was  the 
evident  relationship  of  the  different  types  of  living  beings 
to  be  explained  ?  It  is  interesting  to  note  how  the  very 
terms  which  were  then  used  implied  the  explanation, 
though  this  was  only  apparent  to  one  or  two  natural 
philosophers  who  were  then  secretly  at  work.  The 
word  "  affinity,"  which  in  chemistry  has  for  ages  been  ^^^49. 
used  to  denote,  without  explaining,  the  mystery  of  com- 
binations and  separations  of  different  substances,  had 
been  imported  into  philosophical  anatomy  to  denote  the 
deeper  structural  likeness  between  animals  which  at  the 
first  glance  appeared  to  belong  to  different  classes.  This 
word  ordinarily  implies  blood-relationship,  and  might  have 


patient,  and  unbiassed  inductive 
research — or,  if  there  were  a  bias, 
it  was  towards  Cuvier — swayed  with 
me  in  rejecting  the  principle  of 
direct  or  miraculous  creation,  and 
in  recognising  a  'natural  law  or 
secondary  cause  as  operative  in 
the  production  of  species  in  orderly 
succession  and  progression  '  (1849)" 
(p.  789). ..."  Each  successive  parcel 
of  geological  truth  has  tended  to 
dissipate  the  belief  in  the  un- 
usually sudden  and  violent  nature 
of  the  changes  recognisable  in  the 
earth's  surface.  In  specially  direct- 
ing my  attention  to  this  moot 
point,  whilst  engaged  in  investiga- 
tions of  fossil  remains,  and  in  the 
reconstruction    of    the   species    to 


which  they  belonged,  I  was  at 
length  led  to  recognise  one  cause 
of  extinction  as  being  due  to  de- 
feat *  in  the  contest  which,  as  a 
living  organised  whole,  the  indi- 
vidual of  each  species  had  to 
maintain  against  the  surrounding 
agencies  which  might  militate 
against  its  existence ' "  (p.  797). 
Through  this  passage,  quoted  by 
Owen  from  the  preface  (1866)  of 
the  same  work,  a  controversy  arose, 
it  being  taken  by  a  reviewer  to 
prove  the  admission  of  the  Dar- 
winian theory.  There  followed  an 
explanation  by  Owen,  rejecting 
natural  selection  and  the  admitted 
contest  as  explanations  of  the  origin 
of  species. 
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suggested  the  theory  of  descent :  it  was  used  by  those 
who  most  strongly  repudiated  such  a  doctrine.^ 

In  the  absence  of  any  satisfactory  explanation  of  the 
continual  recurrence  of  certain  definite  forms  in  nature, 
and  the  presence  of  an  evident  relationship  and  a  clear 
indication  of  metamorphosis  in  single  instances,  it  was 
natural  that  morphologists   of  the  first   order,  such  as 
Owen  and  other  authorities  in  science,  such  as  Whewell 
in  England  and  Alexander  Braun  in  Germany,  should 
have  recourse  to   older  views   and  vague  philosophical 
theories.     Owen  in   1848   spoke  of  a  specific  organismg 
principle  which  "moulds  in  subserviency  to  the  exigencies 
of  the  resulting  specific  forms,"  argues  that  the  know- 
ledce  of  such  a  being  as  man  must  ''  have  existed  before 
man  appeared,  for  the  divine  mind  which  planned  the 
archetype  also  foreknew  all  its  modifications,"  and  con- 
cludes that  we  learn  from  the  past  history  of  our  globe 
that  "  nature  has  advanced  with  slow  and  stately  steps, 
guided   by   the   archetypal  light,   amidst   the  wreck  of 
worlds    from   the   first   embodiment    of    the   vertebrate 
idea  under  its   old   ichthyic  vestment  until  it  became 
arrayed   in    the    glorious   garb   of    the   human   form. 


J  Huxley  in  'Life  of  R.  Owen,' 

vol.  ii.   p-   302. 

2  See   Owen's  treatise    'On    the 
Nature  of   Limbs,'   1849,    pp.    85, 
86.     In  the  essay  'On  the  Arche- 
type and  Homologies  of  the  Verte- 
brate Skeleton,'  he  concludes  with 
the  following  remarks  :  "  Now,  be- 
sides the  iSea,  organising  prmciple, 
vital  property,  or  force,  which  pro- 
duces the  diversity  of  form  belong- 
ing to  living   bodies  of   the  same 
materials,   which   diversity  cannot 
be   explained   by  any  known  pro- 


perties  of    matter,   there  appears 
also   to   be    in    counter  -  operation 
during   the   building   up    of    such 
bodies  the  polarising  force  pervad- 
ing all  space,  and  to  the  operation 
of  which  force,  or  mode  of  force, 
the   similarity  of   forms,  the  rep- 
etition of  parts,   the  signs  of  the 
unity     of     organisation     may     be 
mainly    ascribed.       The     Platonic 
ld4a  or  specific  organising  principle 
or  force  would  seem  to  be  in  an- 
tagonism with   the   general  polar- 
ising   force,   and    to    subdue  ana 
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Whewell,  in  various  passages  of  his  *  History '  and  of  his 
'  Philosophy  of  the  Inductive  Sciences,'  argues  that  the 
explanation  of  organic  forms  is  to  be  found  in  the  study 
of  the  functions  which  each  organ  is  destined  to  perform, 
and  brings  morphology  back  under  the  guidance  of  physi- 
oloc^y,  from  which  ;De  CandoUe  and  others  had  only 
recently  liberated  it.^  Alexander  Braun,  the  great  German 
botanist,  wrote  about  the  same  time:  "Although  the 
organism  in  its  growth  is  subject  to  physical  conditions, 
the  real  causes  of  its  morphological  and  biological  speci- 
ality lie,  nevertheless,  not  in  these  conditions :  its  laws 
belong  to  a  higher  grade  of  development  of  reality,  to  a 
sphere  in  which  the  capacity  for  spontaneous  self-deter- 
mination  becomes  evident."  ^     Even  Johannes   Miiller, 


mould  it  in  subserviency  to  the 
exigencies  of  the  resulting  specific 
form"  (p.  172).  Huxley  attributes 
these  theoretical  views  of  Owen  to 
the  influence  of  Lorenz  Oken,  the 
principal  scientific  representative 
of  the  school  of  the  "Natur- 
philosophie. "  In  this  respect  Owen 
left  the  direction  of  study  initiated 
and  80  successfully  followed  by 
Cuvier.  In  fact,  though  opposed 
to  Darwinism,  Owen  did  not,  like 
Cuvier,  believe  in  special  creation, 
as  is  clearly  shown  in  a  passage 
frequently  quoted,  taken  from  the 
conclusion  to  the  third  volume  of 
Owen's  great  work  '  On  the  An- 
atomy of  Vertebrates'  (1868),  p. 
807  :  "  So,  being  unable  to  accept 
the  volitional  hypothesis,  or  that 
of  impulse  from  within,  or  the 
selective  force  exerted  by  outward 
circumstances,  I  deem  an  innate 
tendency  to  deviate  from  parental 
type,  operating  through  periods  of 
adequate  duration,  to  be  the  most 
probable  nature,  or  way  of  opera- 
tion, of  the  secondar}^  law,  whereby 


species  have  been  derived  one  from 
another. " 

^  De  CandoUe  is  very  clear  on 
this  point;  he  says  ('Thdorie 
eldmentaire,'  p.  170) :  "  L'usage  des 
organes  est  une  consequence  de  leur 
structure,  et  n'en  est  nullement  la 
cause,  comme  certains  ecrivains  irre- 
flechis  semblent  I'indiquer ;  l'usage, 
quelque  soit  son  importance  dans 
I'etude  physiologique  des  etres,  n'a 
done  en  lui-meme  qu'une  mediocre 
importance  dans  I'anatomie,  et  ne 
pent  en  avoir  aucune  dans  la  tax- 
onomie  ;  quelquefois  seulement  on 
pent  s'en  servir  comme  d'un  indice 
de  certaines  structures  a  nous  en- 
core inconnues  ;  ainsi  lorsque  je  vois 
la  surface  unie  d'un  petale  suinter 
une  liqueur,  j'en  conclus  que  cette 
partie  est  glandulaire,  et  je  I'assimile 
aux  nectairea  ;  mais  cette  assimila- 
tion, bien  que  reconnue  par  I'iden- 
tit^  de  l'usage,  est  reellement 
etablie  sur  I'identite  presum^e  de 
la  structure." 

2  Quoted  by  Sachs  ('Gesch.  d. 
Botanik,'  p.  188). 
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who  did  more  than  any  other  naturalist  to  base  zoology, 
anatomy,  and  physiology  on  the  foundation  of  the  exact 
sciences,  physics  and  chemistry, "  assumed  the  existence  of 
a  vital  force  which,  differing  from  physical  and  chemical 
forces,  enters  into  conflict  with  them,  and  which  in 
organisms  acts  the  part  of  a  supreme  regulator  of  all 
phenomena  according  to  a  definite  plan." 
50.  The  insufficiency  of  a  purely  morphological  description 

ofthfmoT-'  of  living  beings,  the  unsuccessful  search  for  the  morpho- 
yfe^"''""'     logical  elements  out  of  which  organisms  are  built  up,  as 
crystals  are  formed  out  of    the  moUmles  integrantes  of 
Haliy,  led  thinkers  (up  to  the  middle  of  the  century)  to 
have  recourse  to  older  and  vaguer  conceptions,  which, 
under  the  name  of  archetypes,  formative  influences,  vital 
forces,   &c.,   were  destined    to    help  where    the   purely 
mechanical  view  would  not  suffice.     This  dilemma  was 
appropriately    described    somewhat    later    by    one    who 
had— earlier,  perhaps,  than  any  other  thinker— eman- 
cipated   himself   from    the   influence    of    these    fanciful 
conceptions.     Herbert    Spencer    in    his    'Principles    of 
Biology,'   published   in    1863,  expresses   it  in   the  fol- 
lowing words:- — 

"If   we  accept  the  word  'polarity'  as  a  name  for 
the  force  by  which  inorganic  units  are  aggregated  into 


1  See  Du  Bois-Reymond,  "  Ge- 
diichtnissrede  auf  Johannes  Muller" 
(«  Reden,'  vol.  ii.  p.  217).  ^ 

2  The  'Principles  of  Biology, 
from  which  this  extract  is  quoted, 
appeared  in  successive  instalments, 
beginning  in  January  1863.  It  is 
well  to  note  that  this  was  before  the 
appearance  of  Haeckel's  '  Generelle 
Morphologie,'  which  bears  the  date 
1866.     It    does   not    appear    that 


Spencer  has  had  any  influence  on 
German  science,  though  no  doubt 
many  of  the  conceptions  put 
forward  in  the  numerous  treatises 
of  German  biologists  are  anticipated 
in  Spencer's  '  Biology,'  notably  in 
his  conception  of  the  physiological 
units  as  intermediate  between  com- 
pound chemical  molecules  and 
crystals  on  the  one  side,  and  cells 
on   the   other.     In  the  exhaustive 
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a  form  peculiar  to  them,  we  may  apply  this  word  to 
the  analogous  force  displayed  by  organic  units.  But 
polarity  is  but  a  name  for  something  of  which  we  are 
ignorant.  Nevertheless,  in  default  of  another  word  we 
must  employ  this.  ...  It  will  be  well  to  ask  what 
these  units  are  which  possess  the  property  of  arranging 


review  of  these  theories,  given  by 
M.  Yves  Delage,  a  very  prominent 
position  is  accordingly  assigned  to 
Herbert  Spencer's  biological  writ- 
iugs.    In  fact,  he  says  ('  L'Heredite,' 
p.  424  note)  :    "  lei"— i.e.,  in  the 
'  Principles     of     Biology  '  —  "  est 
montree,    pour    la    premiere    fois 
et    avec    une     lucidity     parfaite, 
I'utilite  de  concevoir  des  particules 
speciales,  elements  primitifs  de  la 
substance    vivante,    intermediaries 
aux  molecules  et  aux  cellules.     Les 
tres    nombreux    auteurs    qui    ont 
utilise    la    meme    idee    n'en    ont 
cree  que   des    variantes.     Spencer 
est  le   vrai  pere  de  la  conception 
initiale,   si   feconde   comme   on   le 
verra."    And  again  (ibid.,  p.  836) : 
"  Brusquement,  avec  H.   Spencer, 
on  torn  be  en   plein  moderne.     Ici 
plus    de    theories   vieillottes,   plus 
de    procdd^s     surann^s.   .  .  .  Les 
phenomenes  sont    decomposes    en 
leurs  elements  avec  une  puissance 
d' abstraction  qu'aucun   philosophe 
n'a  depass^e,  des  principes  g^ner- 
aux  sont  deduits  qui  servent  a  leur 
tour    a    juger,    h,    interpreter    les 
phenomenes,  h,  les  ramener  k  leurs 
causes  vraies.     Comme  resultat  de 
ses    meditations,     Spencer     nous 
offre  les    'Unites    physiologiques,' 
particules   materielles  toutes  iden- 
tiques    dans    une    meme     esp^ce 
detres    avec     lesquelles     il     croit 
que    I'organisme   doit    pouvoir    se 
construire  de  lui-meme,  par  lej  seul 
jeu  de  leurs    forces   moieculaires. 
.  .  .  II  a  .  .  .  ouvert   une  voie  : 
sa  theorie   est   un   des   bras  prin- 
cipaux    du    Delta    de    ce    fleuve 


qui  nous  servait  de  terme  de  com- 
paraison."  The  other  great  arm 
of  the  Delta  is  Darwin's  theory  of 
Pangenesis,  on  which  see  infra, 
chapter  xii.  of  this  volume.  Of 
others,  such  as  Erlsberg,  Haeckel, 
His,  Haacke,  M.  Delage  says  :  "lis 
ont  reussi  seulement  k  montrer 
qu'en  substituant  aux  forces  polaires 
des  '  Unites  physiologiques,'  des 
formes  de  mouvement  ou  des 
proprietes  geometriques,  on  n'arrive 
pas  a  un  meilleur  resultat. "  Prof. 
Haeckel  in  his  '  Generelle  Mor- 
phologic' (1866)  has  interpolated 
a  special  investigation,  as  it  were, 
between  the  morphology  of  living 
things  and  the  corresponding 
science  of  inorganic  or  purely 
physical  (such  as  crystalline  and 
chemical)  structures  and  arrange- 
ment under  the  name  '*  Pro- 
morphology,"  investigating  with 
much  ingenuity  all  manner  of 
symmetrical,  axial,  radial,  &c., 
configurations.  J.  Arthur  Thom- 
son ('Science  of  Life,'  p.  34)  re- 
marks that  little  attention  has 
been  paid  to  this  subject  since, 
but,  as  stated  above  (p.  223  note), 
the  systematic  treatment  of  crys- 
tallography has  all  through  the 
century  appeared  to  biologists  as 
an  enticing  and  seductive  model, 
and  M.  Yves  Delage's  great  work 
gives  many  examples  of  this  tend- 
ency— see,  e.g.,  his  remarks  on  the 
theories  of  Haacke,  Cope,  Nageli, 
Erlsberg,  and  many  others,  pp. 
304,  315,  424,  441,  451,  459,  475, 
495,  502,  593,  743,  &c. 
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themselves  into  the  special  structures  of  the  organism 
to  which  they  belong.  ...  On  the  one  hand,  it  cannot 
be  in   these  proximate  chemical  compounds  composing 
orcranic  bodies  that  this  specific   polarity  dwells ;  .  .  . 
the  occurrence  of  such  endlessly  varied  forms  would  be 
inexplicable.     On  the  other  hand,  this  property  cannot 
reside  in  what  may   be  roughly    distinguished    as   the 
^arphological  units.     The  germ   of    every   organism  is 
a  microscopic    cell,  or  a  structureless   blastema   which 

nevertheless  exhibits  vital  activities If,  then,  this 

organic  polarity  can  be  possessed  neither  by  the  chemical 

51        units  nor  the  morphological  units,  we  must  conceive  it  as 

?^ris     possessed  by  certain  intermediate  units  which  we  may 

^°-      term  physiological.  ...  We  must  conclude  that  in  each 

""*'■"        case  some  slight  difference  of  composition  in  these  units 

produces  a  difference  in  the  form  which  the  aggre- 
gate of  them  assumes." 

Kow    there  are  only  two  ways  open  to  the  purely 
■  scientific  thinker  by  which  he  can  reach   these  inter- 
f  mediate  structures  lying  between  the  mathematical  forms 
'   *  of  crystals  or  the  molecular  arrangement  of  atoms,  and 
i  the  visible  but  apparently  structureless  forms  of  cells  and 
'  protoplasm.     One  of  these  is  the  still  -ore  advanced 
"analysis  of  these  microscopic  structures  by  still  greater 
powers   of    magnifying  instruments ;    the  other   is  tli. 
Lthematical  method  of  calculating  from  simple  begm- 
nin<.s  the  complex  forms  of  equilibrium  which  atoms  o 
mofecules  are  capable  of  assuming  under  the  action  o 
known  forces.     It  appears  unlikely  that  the  powers  o 
the  microscope  can  be  much  further  extended;  and  the 
mathematical  calculation  of  even  the  simplest  configur- 


i; 
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ations  of  attracting  and  repelling  centres,  or  of  linked 
vortex  rings,  is  already  so  formidable  that  much  cannot 
be  expected  in  that  direction.  These  intermediate  units, 
vastly  more  complex  than  the  most  complex  chemical 
molecules,  and  vastly  more  minute  than  the  smallest 
visible  grain  of  protoplasn^  must  therefore  for  a  long 
time  to  come  lie  in  the  region  of  hypothesis,  unattainable 
for  the  eye  or  the  calculus ;  an  indication  rather  than 
a  real  guide  for  our  scientific  researches.  ^  Seeing,  then, 
that  the  study  of  forms  —  the  morphological  view  of 
natural  objects  in  the  case  of  organic  beings,  where  to 
the  naive  contemplation  of  things  these  forms  seemed  full 
of  so  much  significance,  indicative  of  so  much  meaning, 
possessed  of  so  much  beauty  and  striking  suggestiveness 

has  led  to  no  comprehension  of  the  esseiice__of__vital_^ 

phenomena,  and  hardly  even  afforded  a  safe  criterion  for 
classification,  it  is  intelligible  how  the  scientific  interest  ^^^^^^2.^^ 
has  moved  away  from  the  consideration  of  the  fixed  forms^f^J;^^^*;^^^ 
and  structures  to  that  of  the  variation  and  continued  j 
change  of  these  forms.     This  alteration  in  the  scientific 
way  of  looking  at  the  actual  forms  of  nature,  goes  hand 
in  liand  with  the  tendency  we  had  occasion  to  notice  j 
when  dealing  with  the  abstract  sciences.     Many  things 
which  once  seemed  at  rest,  or  possessed  of  very  simple 
rectilinear  motion,  have  revealed  themselves  to  the  mind's 
eye  as  complex  states  of  motion.     Colours  are  exceedingly 
minute  and  rapid  but  well  defined  vibrations ;  the  dead 
pressure  of  gases  is  the  impact  of  numberless  quickly- 
moving  particles  ;  and  the  wonderful  properties  of  the 
whirling  vortex  ring  have  made  us  familiar  with  what 
has  been  termed  the  dynamical  or  moving  equilibrium,  the 
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53. 

The  morpho 

logical 

period. 


semblance  of  apparent  rest  produced  by  very  rapid  rotary 
motion.  Eest  and  fixity  of  form  seem  only  to  exist 
apparently  or  for  transient  moments  in  the  history  of 
natural  events ;  and  even  the  finished  and  recurring  struc- 
tures of  living  beings,  which  appear  to  our  eyes  to  be 
possessed  of  so  much  finality  and  sometimes  of  so  much 
finish,  owe  these  qualities  only  to  the  comparatively  short 
space'  of  time  during  which  we  are  permitted  to  gaze 
at  them,  and  to  our  ignorance  of  the  slow  but  endless 
changes  to  which  they  are  nevertheless  subject. 

The  period  from   1800  to   1860  can  be  termed  the 
■  morphological  period  of  natural  science.     It  succeeded 
the    period  of   the  simpler  natural  history,  which   had 
been  mainly  occupied  with  classification  and  description 
of    specimens.     During    the    morphological    period   the 
knowledge  of  the  existing  things  and  forms  of  nature 
was  not  only  largely  extended  by  excursions  into  distant 
lands  and  periods  of  history,  but  forms  were  also  studied 
in  situ,  and  the  living  things  visited  in  their  habitats. 
A  deeper  knowledge  of  the  connection  and  interdepend- 
ence of  natural  things  and  events  was  thus  gained,  and 
the  relations  and  resemblances,  the  analogies  and  homo- 
logies, of  the  various  forms  were  impressed  on  the  observer. 
Besides  all  this,  the  microscope  revealed  the  innermost 
composition  and  the  ultimate  structural  sameness  of  livmg 
matter,  adding  moreover  the  knowledge  of  an  enormous 
creation  which  remains  hidden  to  the  unarmed  eye  ot 
the  ordinary  observer.     The  morphological  view  also  took 
note  of  the  relatedness  and  apparent  recurrence  of  definite 
forms  called  types,  of  the  so-called  fixity  of  species  and 
the    succeeding  ■  characteristic   periods  of  creation,  and 
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sought  to  explain  these  morphologically :  i.e.,  it  sought 
in  the  abstract  study  of  forms — sometimes  geometrical, 
sometimes  artistic — the  key  to  an  understanding  of  the 
recurrence  as  well  as  the  continued  variation  of  definite 
types.  The  relationship  was  mostly  looked  upon  as  ideal, 
not  real.  How  a  gradual  change  came  over  this  view 
of  nature,  how  the  study  of  development  led  on  to  the 
modern  phase  of  natural  science  which  is  governed  by  the 
genetic  view,  I  shall  try  to  show  in  the  next  chapter. 
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ing forms. 


CHAPTER  IX. 

ON   THE    GENETIC    VIEW    OF    KATUKE. 

WHILST  the  great  influence  of  such  leaders  in  scientific 
thought  as  Cuvier,  De  Candolle,  and  Humboldt  on  the 
Continent,  and  of  Eichard  Owen  in  this  country,  .as 
mainly  exerted  in  spreading  the  morphologica    view  o 
nature,  describing  on  a  large  scale  or  in  mmu  er  detail 
the  typical  recurring  forms   which  natural    objects  or 
natural  scenery   present  to   the  eye   of    the    unbiassed 
observer,  another  school  of  naturalists  was  secretly  busy 
in  following  up  the  changes  to  which  all  the  things  o 
nature  seem  continually  subjected.     They  were  as  much 
impressed  with  this  restless  movement  of  everythmg  as 
the  others  were  with  the  continual  recurrence  of  certam 
definite   forms-be   they   geometrical  or    artistic.     Th 
general  ideas  which  underlay  their  researches  were  not 
new,-they  were  probably  older  and  more  famihar    than 


1  Cosmogonies  of  all  sorts  abound 
in  almost  every  literature,  ancient  or 
modern,  whereas  Cosmography,  ac- 
curate, painstaking,  and  reliable,  is 
of  comparatively  recent  date,     ine 
first    attempt    to     give    a    purely 
descriptive  picture  of  nature  as  a 
whole,   beginning  with   the  larger 
features  of  the  universe  and  ascend- 


ing through  terrestrial,  manimate 
and  animate,  phenomena  to  the 
central  and  crowning  phenonienon 
of  human  life,  was  A.  yon  Hum- 
boldt's ♦  Kosmos ' ;  and  it  is  interest- 
ing to  note  how  averse  the  autlior 
was  to  introduce  genetic  expositions. 
In  fact,  it  has  been  truly  remarked 
that  Humboldt's  influence  went  to 


the  types  and  epochs  of  the  other  and  dominant  school ; 
but  they  were  difficult  to  grasp,  being  not  unfrequently 
fantastic  compromises  between  the  legends  of  religious 
tradition  and  the  beginnings  of  scientific  thought.     For" 
a  long  time  they  evaded  the  endeavour  to  put  them  into 


encourage  purely  morphological 
and  to  discourage  genetic  con- 
siderations. Accordingly  the  many 
beginnings  of  a  scientific  account 
of  the  origin  and  historical  develop- 
ment of  the  things  around  us,  of 
which  Lyell  gave  the  first  fairly 
accurate  summary  in  the  first 
volume  of  his  '  Principles  of  Geol- 
ogy' (Ist  ed.,  1830),  were  hardly 
noticed  in  the  'Kosmos'  (vol.  i., 
1845,  vol.  ii.,  1847).  None  of  the 
celebrated  cosmogonical  hypotheses, 
which  we  shall  deal  with  in  this 
chapter, — neither  the  *  Protogaea ' 
of  Leibniz  nor  the  '  Epoques  de  la 
Nature '  of  Buffon,  neither  Kant's 
nor  Laplace's  nebular  theory,  nor 
even  the  brilliant  introduction  to 
the  '  Ossemens  fossiles '  of  Cuvier, 
though  the  latter,  and  still  more 
Laplace,  must  have  had  a  great 
personal  influence  on  him,  —  re- 
ceive any  adequate  attention  in 
the  pages  of  '  Kosmos.'  They  are 
rarely  referred  to,  and  then  only  as 
works  of  imaginative  value,  for 
which  the  true  scientific  ground- 
work, extensive  observation,  and 
especially  the  experiences  and 
results  of  travel,  are  wanting. 
Humboldt,  whose  mind  was  stored 
with  these  riches  in  an  abundance 
and  variety  unequalled  before  or 
since,  limited  himself  to  a  por- 
traiture, to  a  panoramic  and  mor- 
phological, to  a  structural  and 
architectonic  view  of  things,  with 
which  he  combined  a  deep  sense  of 
the  reaction  which  the  contempla- 
tion of  nature  must  have  on  the 
artistic  faculty.  (See  the  Intro- 
duction to  the  second,  the  most 
brilliant,    volume     of     *  Kosmos.') 


Genetic  theories  were  to  his  mind 
premature  and  foreign  to  his  pur- 
pose. "  The  mysterious  and  un- 
solved problems  of  development  do 
not  belong  to  the  empirical  region 
of  objective  observation,  to  the 
description  of  the  developed,  the 
actual  state  of  our  planet.  The 
description  of  the  universe,  soberly 
confined  to  reality,  remains  averse 
to  the  obscure  beginnings  of  a 
history  of  organic  life,  not  from 
modesty,  but  from  the  nature  of 
its  objects  and  its  limits"  ('Kos- 
mos,' voL  i.  p.  367).  "The  world 
of  forms,  I  repeat,  can  in  the  enum- 
eration of  space  relations  only  be 
pictured  as  something  actual,  as 
something  existing  in  nature  ;  not 
as  a  subject  of  an  intellectual  process 
of  reasoning  on  already  known  causal 
connections.  .  .  .  They  are  facts  of 
nature,  resulting  from  the  conflict 
of  many,  to  us,  unknown  conditions 
of  active  push  -  and  -  pull  forces. 
With  unsatisfied  curiosity  we  ap- 
proach here  the  dark  region  of 
development.  We  have  here  to  do, 
in  the  proper  sense  of  the  frequently 
misused  word,  with  world-events, 
with  cosmical  processes  of  im- 
measurable periods.  .  .  .  The 
present  form  of  things  and  the 
precise  numerical  determination  of 
relations  has  not  hitherto  succeeded 
in  leading  us  to  a  knowledge  of 
states  traversed,  to  a  clear  insight 
into  the  conditions  under  which 
they  originated.  These  conditions 
are  not  therefore  to  be  termed 
accidental,  as  man  calls  everything 
that  he  cannot  explain  genetically  " 
(vol.  iii.  p.  431). 
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tion." 
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exact  language.  It  is  only  in  the  second  half  of  the 
nineteenth  century  that  the  many  independent  lines  of 
reasoning,  the  fragments  of  the  great  doctrine  of  develop- 
ment, have  been  united  together,  that  the  search  after  the 
principles  or  laws  which  govern  the  restless  change  has 
been  rewarded  by  a  certain  number  of  definite  results, 
and  that  what  was  once  vague,  fanciful,  and  legendary 
has  become  a  leading  idea  in  all  the  natural  sciences. 
As  in  other  instances  which  we  have  had  occasion  to 
notice,  so  also  in  this  case,  the  appearance  of  clearer  and 
more  definite  ideas  has  been  heralded  and  helped  by  a 
novel  mode  of  expression,  by  a  new  vocabulary.  The 
word  "evolution"  has  in  this  country  done  much  to 
popularise  this  way  of  regarding  natural  objects  and 
events:  abroad,  the  word  has  not  met  with  the  same 
popular  acceptance.  It  was  known  there  and  used  in 
science  and  literature  when  it  was  yet  unknown  in  this 
country,  and  ha^  in  consequence  not  been  monopolised  in 
the  same  way  as  in  the  English  language,  to  denote  the 
continuous  and  orderly  development  of  states  and  forms 
of  existence.^     Moreover,  it  has  been  identified  in  this 


1  On  the  older  and  modern  use 
of  the  word  "evolution"  in  the 
English  language  see  Huxley's 
article  in  the  9th  ed.  of  the 
'Ency.  Brit.'  It  is  reprinted  in 
his  collected  essays  with  the  title 
'"Evolution  in  Biology."  Accord- 
ing to  Huxley,  the  term  "evolu- 
tion "  was  introduced  in  the  former 
half  of  the  eighteenth  century  in 
opposition  to  "epigenesis."  The  two 
terms  denoted  the  two  theories  of 
the  generation  of  living  things,  by 
development  of  pre-formed  germs 
(pre-formation)  or  by  successive 
differentiation  of  a  relatively  homo- 


geneous rudiment  (after-formation). 
Harvey,  the  expounder  of  the  latter 
theory  against  Malpighi,  who  em- 
braced the  former,  calls  the  first 
"  metamorphosis."  Leibniz,  Bon- 
net,and  latterly  Haller,were  "evolu- 
tionists "  in  the  older  sense  of  the 
word ;  Harvey,  C.  F.  Wolf,  aud 
the  modern  school  of  embryologists, 
with  von  Baer  as  its  most  eminent 
representative,  were  adherents  of 
the  originally  Aristotelian  theory 
of  "  epigenesis."  "  Nevertheless,"  as 
Huxley  says,  "  though  the  concep- 
tions originally  denoted  by  '  evolu- 
tion '     and     *  development '     were 


country  with  a  special  philosophical  teaching,  that  of 
Mr  Herbert  Spencer,  which,  whilst  in  many  points 
coinciding  with  scientific  views  of  development,  has 
some  special  and  peculiar  features  which  will  occupy 
us  further  on  in  our  survey  of  thought.  Having  sought 
therefore  for  a  term  which  is  to  comprise  all  the  con- 
tributions to  scientific  thought  which  deal  with  the 
change  and  development  of  natural  objects  and  events, 
I  propose  to  use  the  older  word  "  genesis,"  and  to  call 
this  view  "  the  genetic  view  of  nature  "  :  it  is,  in  general, 
the  view  which  seeks  to  give  answer  to  the  question, 


shown  to  be  untenable,  the  words 
retained  their  application  to  the 
process  by  which  the  embryos  of 
living  beings  gradually  make  their 
appearance ;  and  the  terms  *  de- 
velopment,' '  Entwickelung,'  and 
'  evolutio '  are  now  indiscriminately 
used  for  the  series  of  genetic  changes 
exhibited  by  living  beings,  by 
writers  who  would  emphatically 
deny  that  *  development '  or  '  Ent- 
wickelung '  or  '  evolutio,'  in  the 
sense  in  which  these  words  were 
usually  employed  by  Bonnet  or  by 
Haller,  ever  occurs."  The  word 
evolution  has,  however,  acquired 
in  the  English  language,  mainly 
through  the  influence  of  Mr 
Spencer's  writings,  a  much  wider 
sense  than  evolution  in  biology 
implies  :  in  fact,  it  takes  the  place 
of  the  German  '*  Werden,"  a  word 
much  used  in  the  philosophical 
writings  influenced  by  the  Hegelian 
doctrine,  which  indeed  taught  a 
logical  or  dialectic  development  of 
things,  as  Herbert  Spencer  and  his 
school  teach  a  mechanical  develop- 
ment. There  seem  to  be  given  to 
us  by  observation  only  two  elemen- 
tary processes  of  change,  or  of 
"  Werden  "  (in  Greek  yiyveadai,  in 
French  "  devenir,"  in  English  "  be- 


coming," in  Latin  "fieri,"in  German 
also  the  synonym  "  geschehen  "). 
These  are,  on  the  on  one  hand,  the 
process  of  mechanical  motion,  and 
on  the  other  hand  the  process 
of  logical  thought :  the  one  being 
the  movement  of  external  things, 
ultimately  of  atoms,  the  other  the 
spontaneous  movement  of  what 
Hume  called  ideas.  When  the 
thinking  mind  fixes  its  attention  on 
the  "  fieri  "  rather  than  the  "  esse  " 
of  things  there  are  accordingly  two 
clues  available,  the  mental  or  the 
physical,  the  logical  or  the  mechan- 
ical. Many  times  taken  up  in 
earlier  ages,  both  have  been  con- 
sistently applied  only  in  the  nine- 
teenth century,  the  latter  by  Her- 
bert Spencer,  the  former  fifty 
years  earlier  by  Hegel,  whose 
philosophy  is  fundamentally  as 
much  a  logical  as  the  former  is  a 
mechanical  system  of  evolution. 
The  narrower  meaning  of  evolution 
in  biology  is  usually  given  in 
French  by  the  word  "  transform- 
isme,"  in  German  by  "  Entwick- 
elungslehre"  or  "  Darwinismus. " 
See  on  the  general  subject  Prof. 
James  Sully's  able  article  on 
"Evolution"  in  the'  9th  ed.  of 
the  *  Ency.  Brit.' 
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I 


How  have  things  come  to  be  what  they  are?     What 
is  their  history  ^  in  time  ? 

The  first  great  philosopher  of  modern  times  who  seems 
to  have  approached  the  question  of  the  genesis  of  the 
objects  of  nature   in   the   modern   scientific   spirit  was 
Leibniz,   who,    in    composing   his   local    history    of    the 
oric^in  of  the  Guelphs  and  the  antiquities  of  Brunswick, 
pushed  his  researches  into  prehistoric  times  and  made 
use  of  the  geological  and  mineralogical  data  suppHed  in 
the  Harz  forest  and  mountains  to  arrive  at  conjectures 
as  to  the  past  history  of  the  earth.     His  ideas,  based 
upon    local    facts    and    observations    on    stratification 
and    fossil    remains,  were  collected    in  a  famous   tract 
entitled  '  Protogaea/  which  during  his  lifetime  was  only 
known  in  abstract,^  and  was  pubUshed  in   1749,  many 


1  Although  the  word  "  genesis," 
through  its  use  in  the  Scriptures, 
has  acquired  the  meaning  of  a  nar- 
rative of  the  origin  or  beginning  of 
things,  this  meaning  is  not  neces- 
sarily implied  in  the  word  yiyveff- 
eat,  and  the  genetic  view  of  nature, 
or  things  in  general,  may  limit  it- 
self   to   the   study   of   observable, 
actual    change,    renouncing     alto- 
gether   the    question    of     origins. 
The  German  words,  "  werdeu  "  and 
"  geschehen,"  are  in  this  respect  less 
ambiguous  and  less  ambitious,  and 
many  philosophers  may  accordingly 
prefer  "  evolution  "  to  "  genesis."  ^ 
2  On  the  connection  of  Leibniz's 
genetic  studies  with  his  History  of 
Brunswick,  which  expanded  under 
his   hands   into   the   '  Annales  im- 
perii     occidentis      Brunsvicenses ' 
(edited  by  Pertz  in  the  first  three 
volumes    of    *  Leibnizens    Gesam- 
melte  Werke,'  Hannover,  1843-47, 
4   vols.),   see.  the  introduction  by 
Scheldt  to  his  complete  edition  of 
the   *Protog8ea,'   Gottingen,    1749 


(reprinted  in  the  second  volume  of 
Dutens'   *  Leibnitii    Opera  Omnia,' 
1768) ;  the  words  of  Leibniz  him- 
self in  the  '  Plan '  of  his   History 
(quoted  by  Pertz,  vol.  L  p.  xxiii) : 
*  *  Praemittetur  his  annalibus  quse- 
dam    dissertatio    de    antiquissimo 
harum   regionum   statu    qui    ante 
historicos  ex  naturae  vestigiis  haberi 
potest "  ;  the  address  of  Ehrenberg, 
'  Ueber  Leibnitzens  Methode '  (Ber- 
lin,  1845)  ;  the  account   in   Guhr- 
auer's '  Life  of  Leibniz '  (1846,  vol.  i. 
p.  205,  and  an  interesting  note  in  the 
appendix).   Fontenelle,  who  knew  of 
the  '  Protogeea  '  only  by  the  abstract 
(ed.    1693)  in   the   Leipsic  'Acta,' 
and  from  correspondence  with  Eck- 
hardt,   Leibniz's  executor,  says  in 
his    'Eloge    de    Leibniz':    "II  la 
[viz.,  the  History]  faisait  precdder 
par  une  dissertation   sur  I'^tat  de 
I'Allemagne,   tel   qu'il  etait  avant 
toutes  les  histoires  et  qu'on  pouvait 
le  conjecturer  par  les  monuments 
naturels  qui  en  dtaient  rest^s  ;  des 
eoquillages  petrifies  dans  les  terres, 


years  after  his  death.  He  conceived  that  both  fire  and 
water  ^  had  been  at  work  in  forming  the  surface  of  the 
earth,  and  suggested  that  similar  examinations  of  other 
localities  ^  would  be  required  in  order  to  arrive  at  general 
conclusions.  Such  were  subsequently  supplied  by  Werner, 
de  Saussure,  Pallas,  Hutton,  Cuvier,  and  William  Smith, 
before  the  systematic  exploration  of  the  whole  globe 
became  in  the  nineteenth  century  one  of  the  tasks  of 
geological  science.  A  few  years  after  the  publication  of 
Leibniz's  speculations,  which  pointed  to  an  accumulation 
of  local  observations  as  the  means  of  arriving  at  a  history 


des  pierres  oh  se  trouvent  des  era- 
preintes  de  poissons  ou  de  plantes 
qui  ne  sont  point  du  pays,  medailles 
incontestables  du  deluge,"  &c.,  &c. 
How  very  much  Leibniz  was — in 
this  as  in  many  other  ideas — in 
advance  of  his  age  can  be  seen 
from  his  correspondence  with  the 
Swiss  naturalist  Scheuchzer  of 
Zurich  :  "  Merentur  Alpes  vestrse, 
si  quis  alius  Europae  locus,  banc 
eruditi  inquilini  curam  et  caeteros 
montes  utili  exemplo  praeibunt, 
quem  admodum  magnitudine  vinc- 
unt.  .  .  .  Germanorum  nos- 
trorum  non  ea  est  diligentia  quam 
vellem  :  itaque  Historias  regionum 
naturales  habemus  nullas,  cum 
Angli  Scotique  nobis  egregiis  ex- 
emplis  praeiverint "  (quoted  by 
Guhrauer  in  the  note  referred  to). 
An  interesting  reference  is  made  in 
§  xvii.  of  the  '  Protogaea '  to  the 
use  of  the  microscope,  then  only 
recently  invented,  and  largely  used 
by  Leuwenhoek  in  connection  with 
the  examination  of  the  formation 
and  crystals  of  the  celebrated 
"  Baumann  cave  "  :  "  Et  velim 
microscopia  ad  inquisitionem  ad- 
hiberi,  quibus  tantum  praestitit 
sagax  Leuwenhoekii  diligentia,  ut 
ssepe   indigner    humanae     ignaviie, 


quae  aperire  oculos,  et  in  paratam 
scientia  possessionem  ingredi  non 
dignatur."  A  very  fair  account  of 
the  contents  of  the  '  Protogaea '  is 
given  in  W.  D.  Conybeare's  '  Re- 
port on  the  Progress  ...  of 
Geological  Science '  in  the  first 
volume  of  Brit,  Assoc.  Reports, 
p.  366,  &c. 

^  'Protogaea,'  §  iv.  :  "Donee 
quiescentibus  causis  atque  aequilib- 
ratis  consistentior  emergeret  sta- 
tus rerum.  Unde  jam  duplex  origo 
intelligitur  firmorum  corporum  ; 
una,  cum  ab  ignis  fusione  refriges- 
cerent,  altera  cum  reconcrescerent 
ex  solutione  aquarum.  Neque  igitur 
putandum  est  lapides  ex  sola  es.se 
fusione.  Id  enim  potissimum  de 
prima  tantum  massa  ac  terrae  basi 
accipio." 

^  Ibid,  §  V.  :  "  Haec  vero  utcum- 
que  cum  plausu  forte  dici  possint  de 
incunabilis  nostri  orbis,  seminaque 
contineant  scientiae  novae,  quam 
Geographiam  naturalem  appelles. 
.  .  .  Et  licet  conspirent  vestigia 
veteris  mundi  in  praesenti  facie 
rerum,  tamen  rectius  omnia  de- 
finient  posteri,  ubi  curiositas  mor- 
talium  eo  processerit,  ut  per  regiones 
procurrentia  soli  genera  et  strata 
describunt." 


I 
I 
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of  the  earth,  another  philosopher  of  the  highest  rank 
took  an  important  step  in  the  direction  of  the  study 
of  the  genesis  of  things  natural,  on  the  largest  scale.  It 
was  Immanuel  Kant,  the  philosopher  of  Konigsberg, 
who,  stimulated  by  the  perusal  of  the  cosmical  theories 
of  Thomas  Wright  of  Durham,^  applied  the  principles  of 
the  Newtonian  philosophy  in  a  first  attempt  to  trace  out 
the  great  stages  in  the  formation  of  a  planetary  system. 


1  The  work  of  Wright  is  not  so 
rare  as  it  is  represented  to  be  by 
foreign  writers,  as  I  picked  up  two 
copies  from  a  second-hand  catalogue 
several    years    ago.     It    is    chiefly 
interesting  as  having  induced  Kant 
to  venture  on  his  genetic  specula- 
tions, which  appeared  anonymously 
at    Konigsberg    in    1855,   and    for 
a   long    time    remained   unknown. 
About  the  same  time  as  Kant,  the 
celebrated    mathematician    J.     H. 
Lambert  published  his  '  Cosmologi- 
cal  Letters  on  the  Structure  of  the 
Universe  '  (Augsburg,  1761),  many 
ideas   in  which   coincide  with   the 
later   expositions  of   Hersehel  and 
Laplace,  which  were  based  on  quite 
different  considerations.  The  specu- 
lations  of   Wright,    Lambert,   and 
Hersehel  were  what   we   may   call 
morphological,  whereas   it    is   the 
merit  of  Kant  and  Laplace  to  have 
built  upon   the    ideas    as    to    the 
architecture     of     the     universe    a 
plausible  theory  of  its  genesis.    A 
full  account  of  Wright's  suggestions, 
which  were  accompanied    by  very 
beautiful  mezzotint  engravings  exe- 
cuted by  himself,  is  given  by  Prof. 
R  A.  Sampson  of  Durham  in  the 
*  Proceedings    of    the     Society    of 
Antiquaries'  of  Newcastle-upon- 
Tyne,  vol.  vii.  p.  99. 

'Kant's  theory  has  been  dealt  with 
by  Helmhoitz  in  his  Konigsberg 
address  (1854),  "Ueber  die  Wechsel- 
wirkung  der  Naturkraf  te  "  ( '  Vor- 
trage  und  Reden,'  vol.  i.),  by  Faye 


(*Sur  I'Origine  du  Monde,'  Paris, 
1885,  2nd  ed.),  by  C.  Wolf  ('Les 
Hypotheses  Cosmogoniques,'  Paris, 
18*86,  which  contains  a  translation 
of   Kant's   work),    and   by    G.    F. 
Becker  (Amer.  Journal  of  Science, 
1898).     It  is,  however,  to  be  noted 
that  recent  writers  on  Astronomy 
are  inclined  to  speak  of  the  genetic 
theories  of  the  universe  very  much 
in    the    same    way    as   Humboldt 
treated     them    in    his    *Kosmos,' 
which     professedly     excluded    the 
historical    aspect   in   favour    of   a 
purely  descriptive  treatment,  recog- 
nising the  many  difficulties  which 
stand  in    the   way  of  a  consistent 
elaboration  of  the  "  nebular  hypo- 
thesis."    See  A.   Berry's  'History 
of  Astronomy  '  (1898),  p.  409  ;  'R. 
Wolf,  '  Handbuch  der  Astronomic ' 
(vol.    i.,    1890),    p.    594  ;     G.   H. 
Darwin,    'The   Tides'    (1898),    p. 
302  ;  also  J.  Scheiner,  '  Der  Bau  des 
Weltalls'  (Leipzig,  1901).     On  the 
additional  great  support  which  has 
been   given  to   a    genetic    concep- 
tion in  general  in  the  second  half 
of     the     nineteenth     century    by 
Thermodynamics     and     Spectrum 
Analysis   I   shall    speak   later  on. 
The  writings  of  M.  Faye  in  France, 
and  of  Sir  Norman  Lockyer  in  this 
country,  utilise  to  the  fullest  extent 
the  arguments  derivable  from  tliese 
sources,    and    mark    a    great  con- 
trast to  the  manner  in  which  cos- 
mological   questions    were  treated 
by  A.  von  Humboldt. 


The  speculations  of  Wright  had  been  purely  geometrical. 
He  had  drawn  attention  to  the  apparent  unity  of  organ- 
isation in  the  stellar  system,  as  established  by  the 
accumulation  of  stars  in  a  certain  belt,  popularly  called 
"the  milky  way."  He  also  suggested  that  the  whole 
system  was  moving  in  a  certain  direction.  Kant  pointed 
out  the  analogy  with  the  solar  system,  in  which,  viewed 
from  the  centre,  the  planetary  masses  would  likewise 
appear  situated  in  a  narrow  belt,  moving  all  in  the  same 
direction.  From  these  data  he  proceeds  to  show  how, 
taking  for  granted  an  initial  movement  and  the  action  of 
gravitation,  the  formation  of  rings,  like  those  of  Saturn, 
can  be  explained ;  further,  how  these  might  be  broken 
up  and  concentrated  in  satellites.  In  fact,  he  recognised 
how,  under  the  influence  of  gravitation,  the  solar  system 
might  have  been  gradually  formed  out  of  matter  which 
was  previously  scattered  through  the  whole  of  that  space 
which  the  system  still  occupies.  Kant  also  descended 
somewhat  further  into  detail,  and  proceeded  to  discuss 
the  possible  retardation  of  the  earth's  rotation  through 
tidal  friction.-^ 


^  The  tract  in  which  Kant  de- 
velops his  views  on  this  subject  was 
occasioned  by  a  prize  offered  by 
the  Berlin  Academy  in  1754  for  an 
answer  to  the  question  whether  the 
time  of  revolution  of  the  earth  had 
sutfered  any  retardation,  and  if  so, 
through  what  causes  ?  Kant  did  not 
compete  for  the  prize,  deeming  his 
reflections  not  capable  of  being 
sufficiently  perfected  to  deserve  to 
be  submitted.  So  he  simply  pub- 
lished them  in  a  local  Konigsberg 
paper,  from  which  they  were  later 
reprinted  in  the  collected  works, 
forming  one  of  the  first  of  Kant's 


publications.  At  the  end  of  this 
tract  he  announces  his  *  Cosmo- 
gonie '  which  appeared  the  follow- 
ing year  with  the  title  '  Natural 
History  of  the  Heavens, '  &c.  Kant 
had  the  satisfaction  of  seeing  many 
of  his  speculations  verified  by  the 
subsequent  discoveries  of  induc- 
tive research,  notably  through  Sir 
William  Herschel's  observations  of 
nebulse  ;  and  the  German  edition  of 
Herschel's  great  memoir  *  On  the 
Construction  of  the  Heavens'  ('Phil. 
Trans.,'  1784),  which  appeared  in 
Konigsberg  in  1791,  by  Sommer. 
contains   an   extract    from   Kant's 
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The  two  lines  of  speculation,  originated  by  Leibniz 
and  Kant  as  to  the  genesis  of  things  on  this  earth  and 
in  the  universe,  mark  two  distinct  ways  of  approaching 
the  genetic  problem.  They  were  both  isolated,  and  it 
was  not  till  well  on  in  the  course  of  our  century  that 
they  were  again  taken  up  and  independently  developed — 
the  one  by  geologists,  the  other  by  physical  astronomers. 
They  remained  for  a  long  time  without  mutual  influence ; 
till,  within  the  last  generation,  they  were  brought 
together,  their  different  results  deduced,  and  a  recon- 
ciliation attempted.  To  this  I  shall  revert  later  on. 
Forty  years  after  Kant,  Laplace  put  forward  his  so-called 
nebular  hypothesis  at  the  end  of  the  popular  exposition 
which  he  gave  of  his  mechanical  theory  of  the  heavens. 
He  apparently  knew  nothing  of  Kant's  attempt,  and  his 
views  differ  materially  from  those  of  Kant,  in  so  much 
as  he  assumes  in  the  rotating  nebular  mass  an  attracting 
nucleus  from  which,  in  the  course  of  condensation  through 
attraction,  the  planetary  rings  and  bodies  were  thrown 
off  as  the  centrifugal  velocity  balanced  the  attracting 
forces.  For  a  long  time  this  sketch  of  a  possible 
genesis  of  the  planetary  system  was  paraded  in  popular 

work.  The  merits  of  Kant  have  only  '  controversy  which  took  place  be- 
been  tardily  recognised  ;  they  were  tween  him  and  Huxley  on  "  Geo- 
unknown  to  Laplace,  and  only  im-  logical  time  "  the  theories  of  Kant 
perfectly  known  to  more  recent  were  frequently  referred  to.  See 
authorities,  .such  as  Helmholtz  and  his  lecture  on  "Geological  Time," 
Lord  Kelvin,  who  were  fully  pre-  1868  {loc.  cit.,  p.  10,  &c.)  ;  Huxley 
pared  to  do  him  justice.  Lord  on  *' Geological  Reform,"  1869  (re- 
Kelvin,  in  his  Rede  Lecture  of  printed  in  '  Lay  Sermons,'  No.  XL) 
1866,  refers  to  Kant  as  the  first  The  best  account  in  the  Englit^h 
to  publish  "any  definite  estimate  language  of  Kant's  contributions 
of  the  possible  amount  of  the  to  cosmogony  will  be  found  in  au 
diminution  of  rotatory  velocity  article  by  G.  F.  Becker  in  the  6th 
experienced  by  the  earth  through  vol. ,  4th  series,  of  the  '  American 
tidal  friction"  ('Pop.  Lects.  and  ;  Journal  of  Science,'  1898. 
Addr.,'  vol.  ii.  p.   65),  and  in  the  I 


works  on  astronomy  as  an  established  theory,  whereas 
Laplace  himself  had  put  it  forward  with  great  reserve, 
and  only  as  a  likely  suggestion.^  There  is,  however,  no 
doubt  that  it  powerfully  influenced  the  minds  of  many 
students  of  nature  in  the  direction  of  a  genetic  view  of 
phenomena. 

The  attempts  referred  to  so  far  can  be  described  as 
belonging  to  the  Eomance  of  Science.  I  now  come  to 
the  more  solid  contributions — to  a  real  genetic  theory  of 
the  things  of  nature.  These  are  not  much  older  than 
our  century.  They  belong  to  two  entirely  independent 
Hues  of  research  which  were  followed  up  in  England  and 
on  the  Continent  respectively — the  former  in  palaeon- 
tology, the  latter  in  embryology.  Although  they  were 
carried  on  quite  independently  of  each  other,  they  had 
this  in  common,  that  they  both  resorted  to  a  study  of 
hfe — as  preserved  in  geological  strata  or  as  now  existing 
around  us — for  a  guide  in  comprehending  the  genesis  of 
Things  on  a  larger  scale. 

It  may  be  well  to  remark  here  that  the  contemplation 
of  the  phenomena,  the  forms  and  the  processes  exhibited 
in  the  living  portion  of  creation,  has  not  always,  and 
even  not  generally,  in  the  course  of  history  led  to  those 
theories  which  our  age  is  elaborating,  and  which  will  in 
future  times  possibly  be  looked  upon  as  one  of  its  char- 


^  Laplace  himself  says:  "Je 
presente  cette  origine  du  systeme 
plandtaire  avec  la  defiance  que  doit 
inspirer  tout  ce  qui  n'est  point 
un  r^sultat  de  I'observation  et  du 
calcul."  The  elaborate  exposition 
of  the  architecture  and  system  of 
the  universe  contained  in  A.  von 
Humboldt's  'Ko^ios,'  which  was 
professedly  inspired  by  Laplace  (see 


'  Kosmos,'  vol.  vi.  p.  8),  gives  us 
little,  if  anything,  about  the  history 
of  the  universe,  professing  to  be 
only  a  '"  Weltgemiilde  "  and  not  a 
"  Welterkliirung. "  The  time  for 
genetic  theories  had  not  yet  come, 
and  both  Kant's  and  Laplace's  cos- 
mogonies are  only  casually  referred 
to. 
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acteristic  achievements  —  the  genetic  view.  There  is 
another  view  which  a  superficial  glance  at  organic  Hfe, 
with  its  well  known  phases  of  birth,  culmination,  and 
decay,  has  frequently  impressed  upon  the  observer ;  there 
seemed  another  lesson  to  learn  than  that  which  our  age 
is  trying  to  master. 

That  other  view  can  best  be  termed  the  "  cyclical " 
view  of  things,  the  doctrine  that  every  thing  runs  in  a 
cycle  ^  and  repeats  itself,  that  all  change  is  periodic  and 
recurrent,  that  there  is   nothing   new  under   the   sun.'^ 


1  Mr  Thomas  Whittaker  has  given 
me  various  references  to  the  writ- 
ings of  ancient  philosophers  which 
bear  on  this  subject.     He  finds  the 
cyclical  or  recurrent  aspect  of  the 
world-process  prominently  put  for- 
ward by  the  Stoics.     Zeller  ( '  Philo- 
sophic der  Griechen,'  vol.  iii.  I.  p. 
136,    kc,   2nd    ed.)    says    in    his 
account  of  the  stoical  philosophy  : 
"  Out  of  the  original  substance  the 
separate  things  are  developed  ac- 
cording to  an  inner  law.     For  in- 
asmuch as  the  first  principle,  accord- 
ing to  its  definition,  is  the  creative 
and  formative  power,  the  whole  uni- 
verse must  grow  out  of  it  with  the 
same  necessity  as  the  animal  or  the 
plant  from  the  seed.     The  original 
jire — according  to  the   Stoics  and 
Heraclitus — first  changes  to  '  air '  or 
vapour,  then  to  water  ;  out  of  this 
a  portion  is  precipitated  as  earth, 
another    remains    water,    a    third 
evaporates     as     atmospheric     air, 
which  again  kindles  the  fire,  and 
out   of    the   changing   mixture   of 
these  four  elements  there  is  formed 
— from  the  earth  as   centre— the 
world.  .   .  .  Through  this   separa- 
tion of   the  elements  there  arises 
the  contrast  of  the  active  and  the 
passive  principle :  the  soul  of  the 
world  and  its  body.    .   .    .    But  as 
this  contrast  came  in  time,  so  it  is 
also  destined  to  cease  ;  the  original 
substance  gradually  consumes  the 


matter,  which  it  segregated  out  of 
itself  as  its  body,  till  at  the  end  of 
this  world-period  a  universal  world- 
conflagration  bringseverything  back 
again    to  the  primaeval   condition. 
.  .  .  But  when  everything  has  thus 
returned  to  the  original  unity,  and 
the  great  world -year  has  run  out, 
the  formation  of  a  new  world  begins 
again,  which  is  so  exactly  like  the 
former   one   that    in    it   all   single 
things,    persons,    and    phenomena 
return  exactly  as  before  ;    and  in 
this  wise  the  history  of  the  world 
and   the   deity  .   .   .   moves   in   an 
endless    cycle    through    the    same 
stages."     Zeller,  in  a  note  to  this 
passage,  remarks    that   "the   con- 
ception of  changing  world-periods 
is   frequent   in    the    oldest   Greek 
philosophy;    the    Stoics   found   it 
first    in    Heraclitus.     The  further 
statement,  however,  that  the  suc- 
ceeding  worlds    resemble  one  an- 
other down  to  the  minutest  detail, 
is  to  be  found,  to  my  knowledge, 
before  Zeno  only  in  the  Pythagorean 
school  .   .   .  and  is  connected  with 
the    doctrine    of    metempsychosis 
and  the  world-year." 
'        2  ^ir   Whittaker  quotes  a  pass- 
!    age  from  Aristotle's  '  Metaphysics' 
'   towards  the  end  of  the  12th  book 
I    (Berlin   ed.,    p.    1074,    b.    10-12): 
'    '*  Kara  rh  fUbs  iroWaKis  (vpt)fx^vi]S 
!    ei   rb    Zvvarbv    Udarr^s    Kai    Te'xvrjs 
Kal  (pi\o(TO<l>ias  Kai  nd\iv  <f>e€tpofi^vuv. 
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Poets  and  philosophers  have  repeated  this  theme  in  end- 
less variations,  probably   without  improving  upon   the 
classical  and  perfect  expression  which  it  has  found  in 
ancient  ^  poetry  and  in  the  sacred  writings.     History  has 
been  written  with  the  professed  object  of  gaining,  by 
analogy,  an  insight  into  the  drift  of  modern  or  future 
events,  and  economic  and  political   theories   have  been 
based  upon  the  likelihood  of  a  recurrence  of  what  has 
happened   before.      Especially   has    the    teaching    been 
impressed  upon  us  that  the  universal  fate  of  all  develop- 
ment is  to  lead  to  death  and  decay,  and  to  make  room 
for  the  endless  repetition  of  the  same  recurring  phases 


Every  art  and  every  kind  of  philo- 
sophy having  probably  been  found 
out  many  times  up  to  the  limits 
of  what  is  possible  and  again  de- 
stroyed ; "     and     remarks,     "  This 
notion  of  cycles  refers   to  human 
civilisation,   not   to    the    universe, 
which  is  one  eternal  system  with 
a  fixed  central  mass,  and  with  its 
outer    part    in    a    moving    equili- 
brium.     Empedocles   undoubtedly 
had  a  theory  of   recurrent   cycles 
in    the  universe.      The    four   ele- 
ments,—which  he  first  brought  to- 
gether as  elements  of  the    whole, 
early  thinkers  having  taken  one  or 
other  of  them  as  a  first  principle 
from  which  the  rest  are  evolved, 
—  according     to    Empedocles,    are 
necessarily   aggregated   and   segre- 
gated by  the  predominance  of  prin- 
ciples which   he  calls  love  («})iA.ia) 
and  hate  {veUos).     The  four  periods 
are :    1.    Predominant    love    (the 
(T(pa7pos),  a  state  of  complete  aggre- 
gation; 2.  decreasing  love  and  in- 
creasing  hate   or   strife  ;    3.     pre- 
dominant strife  {dKofffiia,  complete 
separation  of  the  elements) ;  4.  de- 
creasing strife  and  increasing  love. 
These  are  cosmic  periods.     It  has 
been  supposed — Zeller    takes    this 
view  — that  we  are   living  in   the 


fourth  cosmic  period,  the  period  of 
increasing  love." 

1  The  best  known  passage  is  that 
from  the  celebrated  fourth  eclogue 
of  Virgil,  where,  after  describing  the 
return  of  the  golden  Saturnian  age, 
the  poet  continues  (vv.  31-36) : — 

"Pauca  tamen  suberunt  priscae  vestigia 

fraudis, 
Qufe  tentare  Thetim  ratibus,  quae  cmgere 

muris  . 

Oppida,  quab  jubeant   telluri   inhndere 

sulcos. 
Alter    erit   turn  Tiphys,  et  altera  quae 

vehat  Argo 
Delectos  heroas :  enmt  etiam  altera  Delia, 
Atque  iteruni  ad  Trojam  magnus  mittetur 

Achilles." 

Dugald  Stewart  ('  Philos.  Works,' 
vol.  iii.  p.  167)  refers  to  this 
with  the  following  quotation  from 
Clavius's  'Commentary  on  the 
Treatise  on  che  Sphere,'  by  Joannes 
Sacro  Bosco  :  "  Hoc  inter vallo,  qui- 
dam  volunt,  omnia  quaecumque  in 
mundo  sunt,  eodem  ordine  esse 
reditura,  quo  nunc  cernuntur,"  and 
he  also  attributes  this  theory  of  re- 
currence to  an  extreme  application 
of  the  mathematical  spirit  (vol.  iv. 
p.  207).  How  this  idea  of  recur- 
rent cycles  fascinated  and  haunted 
Fr.  Nietzsche  see  Seth's  article, 
'Contem.  Rev.,'  vol.  73,  p.  734. 
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of  existence.^  This  view  was  considerably  strengthened 
by  the  popular  interpretation  of  the  teaching  of  modern 
astronomy,  which  laid  great  stress  on  the  periodicity  of 
the  planetary  movements,  and  the  stability  and  inherent 
readjustment  of  the  solar  system.  Also  the  insight 
gained  by  the  first  application  of  chemical  knowledge  to 


1  The  idea  of  recurrent,  periodic 
repetition    seems   opposed    to   the 
modern   idea  of   progress  and  de- 
velopment   as    taught   by    Leibniz 
and    Herder    abroad,   by   Spencer 
in    this    country  ;    still    it    s^eems 
almost     impossible     in     a     purely 
mechanical  system  to  avoid  intro- 
ducing the   conception  of   an  ulti- 
mate  recurrence,    so   long   as   one 
deals   with   finite   space,    time,    or 
number,  however  great  they  may 
be.     Tlie  only  escape  seems  to  be  in 
assuming  an  infinite  process  or  an 
immaterial  principle  which  is  not 
subject  to  mathematical  treatment, 
the  latter  being  inherently  one  of 
repetition.     It  is  interesting  to  note 
how  Herbert  Spencer  at  the  end  of 
'  First  Principles '  relapses  into  the 
cyclical  conception  :  "  Thus  we  are 
led    to    the    conclusion    that    the 
entire    process   of    things,    as   dis- 
played   in    the    aggregate    of    the 
visible  universe,  is  analogous  to  the 
entire  process  of  things  as  displayed 
in  the  smallest  aggregates.     Motion 
as   well   as   matter   being  fixed  in 
quantity,  it  would  seem  that  the 
change     in     the     distribution     of 
matter  which  motion  effects,  com- 
ing to  a  limit 'in  whichever  direc- 
tion it  is  carried,  the  indestructible 
motion    thereupon    necessitates    a 
reverse   distribution.     Apparently, 
the  universally  coexistent  forces  of 
attraction     and     repulsion,    which 
necessitate   rhythm   in    all    minor 
changes  throughout   the  universe, 
also     necessitate    rhythm    in    the 
totality  of  changes— alternate  eras 
of  evolution  and  dissolution.     And 


thus  there  is  suggested  the  concep- 
tion of  a  past  during  which  there 
have    been     successive    evolutions 
analogous    to   that   which   is   now 
going    on ;    and    a    future    during 
which  successive  other  such  evolu- 
tions may  go  on — ever  the  same  in 
principle   but   never   the  same  in 
concrete     result"     ('First     Prin- 
ciples,' 1st  ed.,  p.  536).     The  other 
great  system  of  modern  philosophy 
which  aims  at  a  reconciliation  of 
the  mechanical  and  spiritual  aspects 
— the  philosophy  of  Lotze — though 
it  dwells  less  than  Spencer's  system 
on   the    genetic   problem,    gives  a 
different  view  of   cosmic   develop- 
ment.     "The     series     of    cosmic 
periods    cannot    be    a  number  of 
phases,  in  each  of  which  the  one 
purpose  of  the  universe  does  in  fact 
maintain  itself  :  it  must  rather  be 
a  chain,  each  link  of  which  is  bound 
together  with  every  other  in  the 
unity  of  one  plan.     The  One  can 
manifest    itself    in    various    forms 
only  when   such  variety  of  forms 
is  necessary  for  the  expression  of 
its  meaning— in  a  definite  order  of 
succession   only    when    this    order 
corresponds   to  a   craving  for  de- 
velopment  in   its   nature.     As  we 
required  that  each  section  of  the 
world's    history   should   present  a 
harmony   of    the    elements  firmly 
knit  throughout,  so  we  must  now 
require  that  the  successive  order  of 
these   sections   shall   compose   the 
unity    of     an    onward     advancing 
melody "       ('  ^licrocosmus,'      Eng. 
transl.    by    Hamilton    and    Jones. 
Book  IV.  chap.  3). 


physiology  and  agriculture  in  the  school  of  Liebig,  and 
the  first  chapters  of  meteorology,  seemed  to  favour  the 
idea  that  the  elements  and  forces  of  nature  were  engaged 
in  cyclic  movements  which  return  again  and  again  in  the 
same  fashion.  To  the  same  cyclical  view  the  doctrine  of 
the  fixity  of  species,  as  well  as  that  of  the  repetition 
of  various  creations,  lent  further  support ;  hence  it  con- 
tinued up  to   the  middle   of   our   century  ^  to   be   fre- 


^  In  Germany  Moleschott's  *  Kreis- 
lauf  des  Lebens,'  a  popular  exposi- 
tion of  the  conceptions  developed 
in  the  second  quarter  of  the  century 
through  chemistry  and  embryology, 
represented  adequately  the  cyclic 
conception  of  life  and  development 
in  a  catching  phrase.  Much  later 
we  find  —  inter  multa  alia  —  in 
Michael  Foster's  'Text-book  of 
Physiology'  a  concise  description 
of  the  process  in  nature  which  has 
always  served  as  a  type  for  the 
cyclic  conception :  "  When  the 
animal  kingdom  is  surveyed  from  a 
broad  standpoint  it  becomes  obvious 
that  the  ovum,  or  its  correlative 
the  spermatozoon,  is  the  goal  of  an 
individual  existence ;  that  life  is  a 
cycle  beginning  in  an  ovum  and 
coming  round  to  an  ovum  again. 
.  .  .  The  animal  body  is  in  reality  a 
vehicle  for  ova;  and  after  the  life 
of  the  parent  has  become  potentially 
renewed  in  the  offspring,  the  body 
remains  as  a  cast-off  envelope  whose 
future  is  but  to  die."  Another 
example  may  be  found  in  Mohr's 
'Geschichte  der  Erde,'  where  the 
circulation  of  different  elements  in 
nature  is  considered.  The  concep- 
tion of  periodic  cycles  has  found 
poetical  expression  in  Riickert's 
beautiful  poem,  *'  Chidher,"  which 
is  evidently  the  poetical  render- 
ing of  an  Arabian  legend  quoted 
by  Lyell  (('  Principles,'  vol.  i.  p. 
3l):-> 

VOL.  II. 


"Chidher,  the  ever  youthful,  spake : 
I  passed  a  city  on  my  way, 
A  man  in  a  garden  fruit  did  break, 
I  asked  how  long  the  town  here  lay  ? 
He  spoke,  and  broke  on  as  before, 
'  The  town  stands  ever  on  this  shore, 
And  will  thus  stand  for  gverujore.' 

And  when  tive  hundred  years  were  gone 

I  came  the  same  road  as  anon, 

Then  not  a  mark  of  the  town  1  met. 

A  shepherd  on  the  flute  did  play. 

The  cattle  leaf  and  foliage  ate. 

I  asked  how  long  is  the  town  away  ? 

He  opake,  and  piped  on  as  before, 

'  One  plant  is  green  when  the  other's  o'er, 

This  is  my  pasture  for  evermore.' 

And  when  five  hundred  years  were  gone 
I  came  the  same  road  as  anon, 
Then  did  I  find  with  waves  a  lake, 
A  man  the  net  cast  in  the  bay, 
And  when  he  paused  from  his  heavy  take, 
I  asked  since  when  the  lake  here  lay  ? 
He  spake,  and  laughed  my  question  o'er, 
'  As  long  as  the  waves  break  as  of  yore 
One  fishes  and  fishes  on  this  shore.' 

And  when  five  hundred  years  were  gone 
I  came  the  same  way  as  anon. 
A  wooded  place  I  then  did  see, 
And  a  hermit  in  a  cell  did  stay ; 
He  felled  with  an  axe  a  mighty  tree. 
I  asked  since  when  the  wood  here  lay  ? 
He  spake  : '  The  wood's  a  shelter  for  ever- 
more, 
I  ever  lived  upon  this  floor, 
And  the  trees  will  grow  on  as  before.' 

And  when  five  hundred  years  were  gone 

I  came  the  same  way  as  anon. 

But  then  I  found  a  city  filled 

With  markets'  clamour  shrill  and  gay. 

I  asked  how  long  is  the  city  built, 

Where's  wood  and  seaandshepherd's  play? 

They  pondered  not  my  question  o'er 

But  cried  :  '  So  was  it  long  before, 

And  will  go  on  for  evermore.' 

And  when  five  hundred  years  are  gone 

I'll  go  the  same  way  as  anon." 
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quently   put   forward   and   popularly   accepted.        It  is 
useful  then   to  note  that  in   the  course  of   the  second 
half    of    the   century    we   were   more   and    more   grow- 
ing out  of  the  cyclical   and  realising  the   meaning  of 
the  crenetic^  view  of  things  natural.       We  have  been 
taught  in  astronomy  to  inquire  into  the  origin  of  our 
solar  or   any  similar  system  and  the  conditions  of  its 
duration,  to  ask  concerning  the  central  heat  of  the  sun 
whence  it  came  and  how  long  it  will  last — a  question 
unknown  to  Laplace, — to  consider    the  effects   of  tidal 
friction,  to  learn  that  all  the  movements  in  nature  are 
irreversible  as  distinguished  from  completely  reversible 
ones,  which  only  exist  in  abstraction  ;  and,  finally,  we  are 
met  with  the  doctrine  of  the  immortality  of  the  germ- 
plasma,  an  idea,  the  meaning  and  significance  of  which  I 
shall  have  to  explain  later  on.     All  these  novel  theories 
and   views    combine    to   impress  upon   us    the    general 
significance   of   the   terms  "genesis,  evolution,  develop- 
ment," the   fact   that   everything  in  and   around  us,  in 
spite  of  the  seeming  recurrence  of  smaller  movements  and 
phenomena,  and  of  the  periodicity  of  the  minuter  and 
elementary  changes,  is  slowly,  continuously,  and  inevit- 
ably tending  in  a  definite  direction,  which  is  certainly 
not  that  of  a  cyclical  recurrence. 

Leaving  aside  for  a  moment  these  more  general  views, 
which  have  been  clarified  in  the  course  of  our  century, 
it  is  interesting  to  note  how  they  gradually  emerged  in 


1  Perhaps  it  would  be  more 
correct  to  say  that  we  were  learning 
to  consider  the  changes  within  the 
larger  cycles,  confining  ourselves  to 
the  study  of  one  branch  only  of  the 


periodic  or  cyclical  movement  of 
things  around  us,  that  branch  which 
we  are  pleased  to  call  the  ascending 
or  progressive  branch. 


the  teachings  of  the  several  natural  philosophers  who 
initiated  the  genetic  conception  of  natural  phenomena. 
One  of  the  earliest  who  broke  with  the  older  and  intro- 
duced the  modern  methods  was  James  Hutton,  who  to- 
wards the  end  of  the  preceding  century  led  that  school  in 
geology  which  is  called  after  him,  and  which  violently 
opposed  the  ideas  introduced  from  the  Continent.  The 
controversy  culminated  in  the  wrangle  of  the  Neptunists 
and  Vulcanists,  those  who  looked  to  the  agency  of  water 
and  those  who  upheld  that  of  fire  as  the  principal  cause 
of  geological  change.  This  difference,  which  at  the  time 
impressed  the  popular  mind,  is  hardly  that  by  which,  in 
a  history  of  scientific  thought,^  this  controversy  has 
become  important.  Button's  position  is  marked  rather 
by  his  opposition  to  catastrophism,  and  by  his  doc- 
trine that  geological  changes,  such  as  the  decay  and 
reproduction  of  rocks,  were  going  on  with  the  utmost 
uniformity,  being  always  in  progress.  This  he  opposed 
to  the  Wernerian  view,  which  believed  in  the  existence 
of  certain  "  fundamental  rocks,"  which  were  "  triumphantly 


^  The  great  merits  of  James 
Hutton,  his  extensive  and  original 
geological  studies,  his  opposition  to 
catastrophism,  were  overlooked 
through  the  theoretical  discussions 
and  the  unfortunate  title  of  his 
book.  The  world  had  grown  tired 
of  •  Theories  of  the  Earth '  and  the 
discussion  of  fundamental  problems. 
A  spirit  of  observation  had  set  in  ; 
the  Geological  Society  was  formed, 
and  theories  were  for  the  time  dis- 
countenanced. (See  vol.  i.  p.  290, 
note  1,  of  this  'History.')  The  attacks 
also  of  Kirwan  and  De  Luc,  which 
turned  upon  the  stale  argument 
that  Button's  ideas  were  opposed  to 
the  scriptural   records,    had    their 


effect  in  circles  in  which  everything 
connected  with  the  revolution 
against  Church  and  State  was  dis- 
tasteful.  As  Huxley  has  told  us, 
Hutton  came  before  his  time.  To 
him  belongs  the  merit  of  having 
initiated  the  line  of  research  and 
reasoning  which,  through  the 
brilliant  labours  of  Charles  Lyell  a 
generation  later,  swept  away  the 
older  geology,  and  prepared  the  way 
for  the  genetic  study  of  nature  on  a 
large  scale.  (See  the  "  Historical 
Sketch "  in  the  first  volume  of 
Lyell's  *  Principles  of  Geologj\'  and 
Huxley's  address  on  "Geological 
Reform,"  1869.) 
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appealed  to  if  anybody  ventured  to  doubt  the  possibility 
of  our  being  able  to  carry  back  our  researches  to  the 
creation    of    the    present    order    of    things."  i      Hutton 
destroyed   these   characters,  which  were   considered  by 
many  as  sacred,  and  declared  that  in  the  economy  of  the 
world  he  could  find  "  no  traces  of  a  beginning  nor  signs 
of  an  end."     And  yet,  as  Lyell  has  shown,  his  principles 
were   only  imperfectly  carried   through,  for  though  he 
maintained   that   "the   strata  which    now  compose  our 
continents  have  once   been   beneath  the   sea,  and  were 
formed  out  of  the  waste  of  pre-existing  continents,"  ^  he 
imagined   that  when   the   decay  of   old   continents  had 
furnished  the  material  for  new  ones  these  were  upheaved 
by  violent  and  paroxysmal  convulsions.     He   therefore 
required  "alternate  periods  of  general  disturbance  and 
repose,  and  such  he  believed  had  been  and  would  for 
ever  be  the  courses  of  nature."  ^     A  strange  mixture  of 
the  genetic   and  cyclical  views  of  natural   phenomena! 
Professor  Huxley*  has  explained  these  seeming  incon- 
sistencies in  the  theory  of  Hutton,  whom,  together  with 
Sir  Charles  Lyell,  he  has  described  as  having  founded 
the  "  uniformitarian  "  school  of  geology,  by  the  influence 
which    the   discoveries   of  physical   astronomy,   brought 
out  at  that   time   by   Laplace  and   his   contemporaries, 
had  upon  Hutton.     Thus  Hutton  writes :  "  From  seeing 
revolutions  of  the   planets,  it  is  concluded   that  there 
is  a  system   by  which   they   are  intended   to   continue 
those    revolutions.       But    if    the    succession    of  worlds 


1  See  Lyell,  '  Principles,'  3rd  ed 
vol.  i.  pp.  90,  91. 

2  Ibid.,  p.  89.         3  Lyell,  p.  92. 
*  Huxley,    on    "  Geological   Re- 


form," quotes  largely  from  Button's 
'Theory  of  the  Earth'  (1758)  and 
Playfair's  '  Illustrations  of  the  Hut- 
tonian  Theory '(1802). 
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is  established  in  the  system  of  nature,  it  is  in  vain 
to  look  for  anything  higher  in  the  origin  of  the  earth. 
The  result,  therefore,  of  this  physical  inquiry  is,  that 
we  find  no  vestige  of  a  beginning,  no  prospect  of  an 
end."  The  beginnings  of  the  genetic  view  of  geolog- 
ical phenomena,  which  in  Hutton  were  still  mingled  with 
catastrophism,  were  further  developed  by  Sir  Charles 
Lyell  in  his  celebrated  'Principles  of  Geology.'  When  u. 
he  entered  upon  his  geological  researches,  which  were 
conducted  during  his  very  extensive  travels  all  over 
Europe,  a  new  element  had  already  been  introduced 
into  science,  of  which  neither  Hutton  nor  Werner  had 
been  able  to  avail  themselves  extensively.  This  was  the 
identification  of  geological  strata  according  to  the  fossil 
remains  which  were  contained  in  them, — a  realisation 
of  the  plan  of  work  already  dimly  foreshadowed  in 
Leibniz's  '  Protogjsa,'  but  nevertheless  accepted  even  by 
Humboldt  as  only  a  doubtful  indication.^  This  valuable 
branch  of  geological  science  had  been  started  by  William 
Smith  in  his  'Tabular  View  of  the  British  Strata'  in 
1790,  and  further  elaborated  in  his  geological  map  of 
England  (1815),  which  was  the  fruit  of  his  own  un- 
aided labours,  "  for  he  had  explored  the  whole  country 


^  The  Wemerian  school  are  gen- 
erally accused  of  having  neglected 
the  historical  record  afforded  by 
fossil  remains,  and  Humboldt,  in 
his  '  Essay  on  the  Superposition  of 
Rocks  in  both  Hemispheres  '  (1823), 
says  (Eng.  transl.,  p.  52):  "In 
the  present  age  naturalists  are  no 
longer  satisfied  with  vague  and 
uncertain  notions,  and  they  have 
sagaciously  observed  that  the  great- 
est number  of  those  fossils,  buried 
in   different    formations,    are    not 


specifically  the  same ;  that  many 
species  which  they  have  been  enabled 
to  examine  with  precision  vary  with 
the  superposed  rocks.  .  .  .  Ought 
we  to  conclude  from  this  assem- 
blage of  facts  that  all  the  forma- 
tions are  characterised  by  particular 
species  ?  that  the  fossil  shells  of  the 
chalk,  of  the  muschelkalk,  of  the 
Jura  limestone,  and  of  the  Alpine 
limestone,  all  dififer  from  each  other  ? 
This  would  be,  in  my  opinion,  to 
carry  the  induction  much  too  far." 
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on  foot  without  the  guidance  of  previous  observers  or 
the  aid  of  fellow-labourers,"^  and  "had  thus  singly 
effected  for  the  whole  of  England  what  many  celebrated 
mineralogists  had  only  accomplished  for  a  small  part  of 
Germany  in  the  course  of  half  a  century."  ^  Simultane- 
ously with  Smith  in  England,  Cuvier  and  Brongniart  were 
exploring  the  Paris  basin.  Thus  the  three  different 
nations  of  Europe  with  whom  I  am  mainly  concerned 
in  this  work  furthered  independently  the  main  divisions 
of  geological  inquiry.  "  The  systematic  study  of  what 
may  be  called  mineralogical  geology  had  its  origin  in 
Germany,  where  Werner  first  described  with  precision 
the  mineral  character  of  rocks ;  the  classification  of  the 
secondary  formations  belongs  to  England,  where  the 
labours  of  Smith  were  steadily  directed  to  these  ob- 
jects ;  the  foundation  of  the  third  branch,  that  relating 
to  the  tertiary  formation,  was  laid  in  France  by  the 
splendid  work  of  Cuvier  and  Brongniart."^  To  these 
words  of  Lyell  we  can  now  add  that  the  theoretical 
explanations  were  first  suggested,  and  the  correct  Hne 
of  reasoning  on  this  accumulated  evidence  initiated,  by 
Sir  Charles  Lyell  himself. 

The  key  to  the  doctrines  of  Lyell  was  the  study  of 
existing  causes  —  the  attempt  to  show  how  the  slow 
acrencies  which  we  now  see  at  work  in  nature  around 
us    are    sufficient    to   explain    the    successive    changes^ 


^  Lyell,    *  Principles,'   vol.    i.    p. 

101. 

2  An  expression  of  d'Aubuisson, 
quoted  by  Dr  Fitton,  'Phil.  Mag.,' 
vols.  i.  and  ii.,  also  '  Edin.  Rev.,' 
Feb.  1818. 

3  See  Lyell,  loc.  ciL,  p.  103. 

4  Id.  ibid.,  vol.  iii.  p.  273  :  "  It  is 


only  by  carefully  considering  the 
combined  action  of  all  the  causes  of 
change  now  in  operation,  whether 
in  the  animate  or  inanimate  world, 
that  we  can  hope  to  explain  such 
complicated  appearances  as  are  ex- 
hibited in  the  general  arrangement 
of  mineral  masses." 
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which  the  recognisable  strata  of  the  earth's  crust 
with  their  fossil  remains  indicate  as  having  occurred 
in  former  ages.  It  was  an  attempt  to  "reconcile  the 
former  and  the  present  state  of  nature."  ^  This  was 
to  break  with  the  idea  of  great  and  general  convulsions, 
to  which  the  Continental  school  resorted  in  their  ex- 
planations, and  it  also  meant  upsetting  the  vague  notions 
which  set  a  limit  to  the  time  ^  which  should  be  allowed 
for  the  operations  of  natural  causes.  It  is  possible  to 
admit  that  in  both  directions,  in  their  uniformitarian 
explanation  and  in  their  geological  time -reckoning,  the 
new  school  frequently  went  too  far,  the  indications 
of  actual  catastrophes  and  paroxysmal  convulsions  being 
to  many  observers  quite  unmistakable.  On  the  other 
side,  the  arguments  based  upon  physical  astronomy, 
mechanics,  and  thermodynamics,  which  afford  an  inde- 
pendent basis  for  geological  time-reckoning,  were  not 
yet  elaborated,^  or  were  deemed  too  crude*  to  be  of 
value;  and  for  a  good  while  geologists  were  permitted 


^  Lyell.  vol.  i.  p.  114. 

2  Id.  ibid.,  p.  241  :  "When  diffi- 
culties arise  in  interpreting  the 
monuments  of  the  past,  I  deem  it 
more  consistent  with  philosophical 
caution  to  refer  them  to  our  present 
ignorance  of  all  the  existing  agents, 
or  all  their  possible  effects  in  an 
indefinite  lapse  of  time,  than  to 
causes  formerly  in  operation  but 
which  have  ceased  to  act." 

^  See  Lyell,  vol.  i.  p.  154,  &c., 
also  vol.  ii.  p.  274  :  "  It  has  long 
been  a  favourite  conjecture  that 
the  whole  of  our  planet  was  origin- 
ally in  a  state  of  igneous  fusion,  and 
that  the  central  parts  still  retain  a 
great  portion  of  their  primitive 
heat.  Some  have  imagined  with 
the  late  Sir  W.  Herschel  that  the 


elementary  matter  of  the  earth 
may  have  been  first  in  a  gaseous 
state,  resembling  those  nebulae 
which  we  behold  in  the  heavens, 
and  which  are  of  dimensions  so 
vast  that  some  of  them  would  fill 
the  orbits  of  the  remotest  planets 
of  our  system.  .  .  .  Without 
dwelling  on  such  speculations 
which  can  never  have  any  direct 
bearing  on  geology,"  &e. 

*  See  Lyell,  vol.  i.  p.  206,  where 
he  refers  to  * '  astronomical  causes 
of  fluctuations  in  climate,"  and  to 
the  calculations  of  Sir  J.  Herschel 
and  the  fact  that  "  this  matter  is 
still  under  discussion,"  and  that 
"  MM.  Fourier  and  Herschel  have 
arrived  at  very  different  opinions. 


;> 
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12. 
Embryol- 
ogy. 


to  draw  indefinitely  on  the  great  bank  of  time,^  just  as  in 
former  ages  they  had  been  quickly  brought  to  book  by 
existing  prejudices.^ 

Whilst   these   contributions   to    the    genetic   view  of 
nature    on    the   large    scale    were   being    independently 
worked   out,  the   sciences  which  deal  with  the  minute 
and  hidden  phenomena  of  organic  growth  had  made  great 
progress  in  the  same  direction.     Here  a  definite  scheme 
of  development  was  quite  evident  to  the   most  casual 
observer.     In  these  sciences  indeed  we  have  to  do  with 
what  is  called  in  the  German  language  "  the  history  of 
development  "  par  excellence,  a  term  which  is  ihadequately 
rendered  by  "  Embryology  "  in  French  and  English.     For 
it  is  an  error  which  has  frequently  and  for  long  periods 
obscured  the  correcter  view  to  assume  that  the  changes 
and    processes  which   characterise   the   development   of 
embryonic   or   germ   life  are  essentially   different  from 
those  which  exist  in  the  larger  and  more  complex  adult 
organism.     The  abolition  of  the  fundamental  distinction 
between  the  processes  of  embryonic  and  of  adult  or  full- 


^  Lyell,  vol.  iii.  p.  358  :  "  Con- 
fined notions  in  regard  to  the 
quantity  of  past  time  have  tended 
more  than  any  other  prepossessions 
to  retard  the  progress  of  geology, 
.  .  .  and  until  we  habituate  our- 
selves to  contemplate  the  possibility 
of  an  indefinite  lapse  of  ages  having 
been  comprised  within  each  of  the 
more  modern  periods  of  the  earth's 
history,  we  shall  be  in  danger  of 
forming  most  erroneous  views  in 
geology." 

-  One  of  the  first  to  attack  the 
uniformitarian  doctrine  in  geology 
and  to  apply  the  principles  of 
modern  physical  science  to  geolog- 


ical and  cosmical  questions  in  this 
country  was  Lord  Kelvin.  His 
influence  belongs,  however,  mainly 
to  the  post-Darwinian  period,  and 
begins  with  his  celebrated  memoir 
*0n  the  Secular  Cooling  of  the 
Earth'  (Edin.  Trans.,  1862,  re- 
printed in  the  3rd  vol.  of  'Math, 
and  Phys.  Papers,'  p.  295).  See 
also  the  2nd  vol.  of  his  'Popular 
Lectures  and  Addresses.'  Accord- 
ing to  the  introductory  statement 
in  the  former  paper  his  doubts 
regarding  the  uniformitarian  teach- 
ing began  as  early  as  1844.  I  sball 
refer  to  these  speculations  at  the 
end  of  this  chapter. 


grown  life,  the  unification  of  thought  on  these  matters,  is 
quite  as  important  in  the  history  of  science  as  the  abolition 
of  the  supposed  fundamental  difference  between  animal 
and  vegetable  growth  or  between  normal  and  abnormal  (or 
pathological)  development.  The  reduction  of  all  these 
seemingly  so  different  changes  to  the  one  great  problem  < 
of  celhilar  structure,  cellular  growth,  and  cellular  division 
marks  one  of  the  greatest  achievements  of  our  century. 
"  Our  position  with  regard  to  the  cell  is  similar  to  that 
of  investigators  towards  the  whole  animal  or  vegetable 
body  a  hundred  years  ago,  before  the  discovery  of  the 

cell  theory."^ 

Anticipations  of  this  generalisation,  of  the  condensation 
of  the  whole  problem  of  animal  and  vegetable  embryology, 
of  generation,  growth,  and  organic  development  in  the 
formula,  "  omnis  cellula  ex  cellula,"  have  indeed  existed 
since  the  time  of  Harvey,  who,  in  addition  to  the  great 
discovery  of  the  circulation  of  the  blood,  laid  down  the 
thesis,   "omne    vivum  ex  ovo."  ^     The    further    correct 


1  See  0.  Hertwig,  "The  Cell," 
•  Outlines  of  General  Anatomy  and 
Physiology.'  Transl.  by  Campbell, 
1895,  p.  11. 

-  One  of  the  best  expositions  of 
Harvey's  ideas  is  to  be  found  in 
Huxley's  article  on  "  Evolution  in 
Biology "  in  the  ninth  edition  of 
the  '  Encycloptedia  Britannica.'  He 
there  also  refers  to  Aristotle's 
opinions.  "  One  of  Harvey's  prime 
objects  is  to  defend  and  establish, 
on  the  basis  of  direct  observation, 
the  opinion  already  held  by  Aris- 
totle, that  in  the  higher  animals 
at  any  rate  the  formation  of  the 
new  organism  by  the  process  of 
generation  takes  place,  not  sud- 
denly by  simultaneous  accretion  of 
rudiments  of   all,  or  of   the   most 


important  of  the  organs  of  the 
adult,  nor  by  sudden  metamor- 
phosis of  a  formative  substance 
into  a  miniature  of  the  whole, 
which  subsequently  grows,  but  by 
epigenesis,  or  successive  differentia- 
tion of  a  relatively  homogeneous 
rudiment  into  the  parts  and  struc- 
tures which  are  characteristic  of 
the  adult."  In  the  sequel  of  his 
exposition,  after  maintaining  epi- 
genesis or  after-formation  against 
evolution  in  the  older  sense  or  pre- 
formation, Huxley,  however,  makes 
a  passing  remark  that  "  though  the 
doctrine  of  epigenesis,  as  understood 
by  Harvey,  has  definitely  triumphed 
over  the  doctrine  of  evolution,  .  .  . 
it  is  not  impossible  that,  when  the 
analysis  of  the  process  of  develop- 
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IS. 

Epigenesis 
and  evolu- 
tion. 


14. 

C.  F.  Wolff. 


generalisation  which  he  ventured  to  put  forward,  that 
growth  and  development  of  the  germ   or  embryo  con- 
sisted in   the  addition  or  formation  of  new  parts  and 
structures  through  division  or  differentiation,  was,  how- 
ever, obscured  and  cast  into  the  shade  by  the  opposite 
doctrine,   termed    evolution,  according    to    which    every 
form  or  particle  of  organisation  was  minutely  pre-formed 
in  an  invisible  germ,  and  growth  consisted  merely  in  a 
process  of  enlargement,  as  a  particle  of  "dry  gelatine 
may  be  swelled  up  by  the    intussusception  of    water." 
The  supporters  of  this  doctrine,  to  which  the  celebrated 
names  of  Leibniz,  Boerhaave,  Haller,  and  Bonnet  belonged, 
seemed  unable  to  conceive  of  any  force  in  nature  which 
was  capable  of   producing  organisation,  and  were  thus 
compelled  to  accept  in  some  form  or  other  the  doctrine 
of  the   pre-existence  of   germs,  a  theory  which  has  in 
modern  times  been  revived  under  an  altered  form. 

The  real  foundation  of  scientific  embryology,  of  the 
study  of  the  genesis  of  vegetable  and  animal  organisms, 
is  now  pretty  unanimously  ^  traced  to  Caspar  Friedrich 
JA^olff,  whose  '  Theoria  generationis  '  appeared  in  1759. 
His  observations  refer  alike  to  plant  and  to  animal  Kfe, 
and  his  distinct  object  was  to  refute  the  theory  of  evolu- 


ment  is  carried  still   further,  and 
the  origin  of  the  molecular  com- 
ponents  of   the    physically    gross, 
though     sensibly     minute,    bodies 
which    we   term  germs  is    traced, 
the  theory  of  development  will  ap- 
proach  more   nearly   to  metamor- 
phosis than  to  epigenesis.  .  .  .  The 
process,    whicli    in    its    superficial 
aspect    is    epigenesis,    appears    in 
essence    to    be    evolution    in    the 
modified  sense  adopted  in  Bonnet's 


later  writings  ;  and  development  is 
merely  the  expansion  of  a  potential 
organism  or  original  pre -formation 
according  to  fixed  laws." 

1  See  J.  A.  Thomson,  loc.  cit.,  p.^ 
121.  Yves  Delage,  '  L'Heredite,' 
p.  357,  note ;  and  especially  0. 
Hertwig,  'The  Biological  Problem 
of  To-day,'  transl.  by  P.  C.  Mitchell 
(Heinemann's  Scientific  Handbooks, 
1896),  p.  4,  &c. 


tion  and  replace  it  by  the  correcter  doctrine  of  epigenesis  ; 

i,e.,  of  repeated  or  after-formation.     Haller  ^  thought 

very  highly  of  this  attack  on  his  own  view,  but  was 
not  convinced  by  it;  and  although  in  botany  Wolff's 
views  on  the  cellular  structure  of  plants  were  adopted 
in  France  by  Mirbel,  and  those  on  metamorphosis  were 
unknowingly  reproduced  by  Goethe,  his  influence  on  em- 
bryology dates  actually  only  from  the  year  1812,  when 
Meckel  translated  one  of  his  treatises  and  thus  drew 
attention  to  his  great  merits.  Wolff  tried  to  refute  the 
theory  of  evolution  or  pre-formation,  supplanting  it  by 
that  of  epigenesis  or  after  -  formation,  through  actual 
observations  of  the  development  of  germs  in  plants  and 
animals  in  definite  instances.  In  botany  his  views, 
after  lying  dormant  for  a  long  period,  led  ultimately  to 
the  famous  cellular  theory  of  Schleiden  and  Mohl.  In 
zoology,  shortly  after  Meckel's  republication  of  his  treatise 
in  1812,  there  were  published  the  researches  of  Pander, 
who,  in  his  treatise  on  the  development  of  the  chick, 
"  gave  a  fuller  and  more  exact  view  of  the  phenomena 
less  clearly  indicated  by  Wolff,  and  laid  the  foundation 
of  the  views  of  all  subsequent  embryologists."  ^ 

Pander  was  a  Eussian  by  birth,  and  so  was  his  greater  Pand^rand 

*'  iv.  Hi.  von 

contemporary  and  friend,  Karl  Ernst  von  Baer,^  a  man  Baer. 


15. 


^  As  Prof.  J.  Arthur  Thomson 
says  ('  Science  of  Life,'  p.  120),  "A 
single  sentence,  'Es  gibt  kein 
Werden — there  is  no  Becoming,' 
sufficiently  indicates  Haller's  posi- 
tion." 

-  J.  A.  Thomson  in  article  "  Em- 
bryology" ('Ency.  Brit.,'  9th  ed., 
p.  165). 

■^  The  work  of  von  Baer  (1792- 
1876)  remained  for  a  long  time  un- 


known and  unrecognised  outside 
of  Germany.  Huxley  made  him 
known  in  this  country  by  trans- 
lating extracts  from  his  principal 
writings  for  Taylor's  'Scientific 
Memoirs'  in  1853,  nearly  thirty 
years  after  von  Baer  had  begun  the 
brilliant  series  of  his  researches.  It 
can  be  said  of  him  that  he,  even 
more  than  his  forerunners,  Pander 
and   DoUinger,   withdrew   natural 
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who  occupies  a  unique  position  in  the  history  of  natural 
science.  He  introduced  the  principle  and  aspect  of 
development  into  the  midst  of  those  studies  which,  under 
the  important  but  one-sided  influence  of  Cuvier  and  his 
school,  were  in  danger  of  being  confined  within  the 
limits  of  morphology  and  comparative  anatomy.  Through 
a  long  series  of  most  important  embryological  investiga- 
tions, conducted  during  the  years  1819-1837,  he  demon- 


science  from  the  spell  under  which   i 
it  was  kept  for  a  long  time  in  the 
West    of     Europe     by    the    great 
authority    of    Cuvier.       Geograph- 
ically also,  von  Baer's  activity  was 
centered  in  Konigsberg  (where  he 
was  one  of  a  brilliant  company  who 
made  the  University  celebrated)  and 
St    Petersburg.      Though    a   great 
admirer  of  Cuvier,  whose  biography 
he  wrote,  and  an  adherent  of  the 
doctrine  of  animal  types,  which  he 
independently  arrived  at,  he  intro- 
duced three   distinct    lines   of   re- 
search into  his  scientific  labours,  to 
all  three  of  which  Cuvier  was  either 
foreign  or  distinctly  averse  —  viz., 
microscopic  research,  study  of  em- 
bryological  development,   and   the 
philosophical  spirit  of  the  "Natur- 
philosophie."     He  was  not  dazzled 
by  the  latter  ;  but  whilst  avoiding 
its    extravagances    and    premature 
generalisations  which  then  flooded 
German  science,  he  always  appre- 
ciated the  search  for  the  connection 
and  unity  of  all  the  things  of  nature 
which    was   characteristic    of   that 
school.     Baer  stood,  historically  and 
philosophically,  in   the  middle  be- 
tween the   extreme    morphological 
and      genetic     views     represented 
respectively  by  Cuvier  before   and 
by  Darwin  after  him.     Already  in 
1815,    when    studying    under   Dol- 
linger  at  Wiirzburg,  he  was  guided 
by  the  idea  that  "  nature  follows  in 
her  creations  certain  general  themes 
(types),  and  that  she  varies  these  in 
the  ditferent   species."     Von  Baer 


also  combined  the  geographical  and 
anthropological  interest,  so  largely 
represented      by    Humboldt     aud 
Ritter,     with     his      morphological 
and  genetic  studies.     In  fact,  it  is 
doubtful  whether  in  any  naturalist 
of  the  very  first  order  the  different 
interests     which     the     nineteenth 
century  inherited  and  created  were 
more  equally  and  impartially  bal- 
anced than  in  him.     The  embryo- 
logical     researches     of    von     Baer 
stimulated  many  ardent  students  in 
Germany,  such  as  Purkinje,  Rathtke, 
Bischoff,  and  it  is  mainly  through 
them  that  this   branch   of   science 
was  cultivated  and  made  generally 
known.    The  name  of  the  distant  or- 
iginator thus  became  somewhat  for- 
gotten, so  that  in  French  science  we 
do  not  find  von  Baer  as  frequently 
and  appreciatively  mentioned  as  he 
deserves.  Ample  information  on  von 
Baer's  scientific  and  personal  char- 
acter can  be  found  in  later  publica- 
tions :     foremost     in     his    '  Auto- 
biography,' published  in  1865  ;  in 
his  '  Life,'  by  Stieda  (1877) ;  and  in 
an  elaborate  work  by  Professor  R. 
Stolzle,  entitled  '  K.  E.  von   Baer 
und    seine    Weltanschauung'    (He- 
gensburg,   1897).      This  work  con- 
tains very  ample  and  useful  refer- 
ences   and     extracts    from    Baers 
writings  and  correspondence.    Very 
important     are     also     von     Baers 
miscellaneous  writings  and  essays, 
which    were    published    by  Vieweg 
in  Brunswick,  in  three  parts  (2nd 
ed.,  1886). 


strated  in  the  completest  manner  the  truth  of  epigenesis. 
In  fact,  he  had  recognised  development  as  the  "  sole  basis 
of  zoological  classification  ;  while  in  France  Cuvier  and 
Geoffroy  St  Hilaire  were  embittering  each  other's  lives 
with  endless  merely  anatomical  discussions  and  replica- 
tions, and  while  in  Germany  the  cautious  study  of  nature 
was  given  up  for  the  spinning  of  Natur-philosophies  and 
other  hypothetical  cobwebs."  ^ 

The  position  which  Karl  Ernst  von  Baer  occupies  in  • 
the  history  of  science  and  thought  is  in  many  respects 
interesting  and  unique.  He  lived  early  enough  in  the 
century  to  experience  the  full  influence  of  Cuvier's 
authority,  and  lived  long  enough  to  witness  the  great 
change  which  Darwin's  writings  brought  on  in  all  the 
natural  sciences ;  whereas  his  great  contemporary, 
Johannes  Mtiller,  passed  away  before  the  name  of 
Darwin  was  known  outside  of  his  own  country.  In 
unison  with  Miiller,  and  yet  in  an  independent  manner, 
he  effectually  liberated  German  science  from  the  undue 
influence  of  the  speculative  school.  And  he  has,  prob- 
ably more  than  any  other  great  naturalist,  recognised 
the  importance  of  the  three  aspects  which  a  contempla- 
tion of  natural  objects  forces  upon  us :  the  apparent  or 
real  fixity  of  certain  forpas  (the  morphological  view), 
the  continued  and  orderly  change  ^  of  these  forms  (the 
genetic  view),  and  the  apparent  or  real  existence  of  a 


^  Huxley  in  Taylor's  'Scientific 
Memoirs,'  New  Series,  p.  176. 

^  Very  important  in  this  respect 
is  a  lecture  delivered  by  von  Baer 
in  1834,  with  the  title  'Das  all- 
gemeinste  Gesetz  der  Natur  in  aller 
Entwickelung  (reprinted  in  the 
Brunswick  edition,  vol.  i.  p.  39 
siq. )    "  We  must  conclude  that,  so 


far  as  observations  now  give  materia" 
for  inferences,  a  transformation  of 
certain  original  forms  of  animals  in 
the  succession  of  generations  is  very 
probable,  but  only  to  a  limited  ex- 
tent (p.  60),  a  view  which  von 
Baer  maintained  to  the  end  against 
extreme  Darwinism  (see  p.  37). 
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design  in  this  process  of  change  (the  teleological  view). 
Thoucrh  his  own  researches  did  so  much  to  give  promi- 
nence  to  the  genetic  view,  to  the  conception  of  develop- 
ment, he  retained  and  elaborated  the  doctrine  of  types ; 
and  though  he  effectually  handled  the  modern  methods 
of  the  mechanical  or  exact  sciences,  he  realised  the  full 
importance    of    studying    the    things    and    processes  of 
nature  in  their  actual   and   living  connection,^  and  not 
merely  in   the   artificial  isolation   of   the  laboratory  or 
the  dissecting-room.     And  he  never  became  an  adherent 
of  the  doctrine  so  prevalent  with  many  of  the  followers 
of    Darwin,    that   the   apparent   purpose   of    forms  and 
processes  in  organic  nature  could  be  mechanically  ex- 
plained.     During   the  period  of   his  greatest   scientific 
activity   he   was    little    known    outside   of    Eussia   and 
Germany;    in    England,    Carpenter    and   Huxley  alone 
drew  attention  to  his  embryological  and  genetic  studies ; 
but  since  the  tide  of  Darwinism  has  somewhat  subsided, 
or  has  ceased  to  be  all-absorbing,  it  is  to  the  writings 
of  Baer   that   many  naturalists   revert.       In   fact  they 
belong  to   the  few  books   of  this  class  written  during 
the  pre-Darwinian  age  that  bear  to  be  read  and  re-read 
with  profit  by  those  who  take  a  philosophical  and  not 
merely    a    historical    interest    in    the     development    of 
16.        natural  science.      Perhaps  the  fact   that  von  Baer  was 
Jpmp^hen-  as  great   in    relation    to   the   morphological   as   he  was 
sive  views.    .^    relation    to    the    genetic    and   the   teleological  con- 
ceptions   of    natural    phenomena    prevented    him    from 
producing   that  revolutionary  impression  on  the  mmds 

1  See  the   introduction    to    the    i  geschichteder  Thiere' (Konigsberg, 
second  part  of  his  *  Entwickelungs-    '   1837). 


of  his  contemporaries  which  Darwin  did,  and  for 
which  he  indeed  largely  prepared  the  way.  Instead 
of  opposing  the  genetic  change  and  development  of 
the  forms  of  natural  objects  to  their  apparent  fixity, 
he  rather  reconciled  both  views  with  each  other  by 
maintaining  ^  "  that  in  order  to  obtain  a  just  insight 
into  the  mutual  affinities  of  animals  it  is  before  all 
things  necessary  to  distinguish  the  different  types  of 
organisation  from  the  different  grades  of  development!* 
He  considered  that  ^  "  the  idea  of  animal  organisation 
does  not  vary  at  equal  intervals,  but  is  realised  in 
certain  principal  forms  which  again  break  up  into 
variations  of  a  lower  grade  " ;  and  he  ^  "  arrived  at  the 
four  principal  divisions  of  the  animal  kingdom  estab- 
lished by  Cuvier."  In  1828,  in  his  work  on  the  'De- 
velopment of  Animals,'  he  discusses  *  "  the  prevalent 
notion  that  the  embryo  of  higher  animals  passes  through 
the  permanent  forms  of  the  lower  animals  " — i.e.,  "  the 
doctrine  of  the  agreement  of  individual  metamorphosis 
with  the  ideal  metamorphosis  of  the  whole  animal 
kingdom."     Von   Baer   had   himself    added   greatly^  to 


^  See  Huxley's  translation,  loc. 
dt,  p.  178. 

2  Ibid.,  p.  182. 

3  Ibid.,  p.  183. 

*  See  K.  E.  von  Baer's  '  Ueber 
Entwickelungsgeschichte  der  Thiere 
BeobachtungundReflexion,'Konigs- 
berg,  1828.  The  above  extracts 
are  taken  from  the  fifth  scholion  : 
"Ueber  das  Verhiiltniss  der  Formen, 
die  das  Individuum  in  den  verschie- 
denen  Stufen  seiner  Entwickelung 
anuimmt."  See  also  Huxley's 
Translation,  loc.  ciL,  pp.  186,  189. 

^  Prof.  J.  A.  Thomson  sum- 
marises as  follows  von  Baer's  own 


results :  "It  was  von  Baer  who 
first  clearly  discriminated  the  great 
events  in  a  life -history  ;  (a)  the 
primary  process  of  egg-cleavage, 
and  the  establishment  of  the 
germinal  layers ;  (6)  the  gradual 
differentiation  of  the  tissues  (his- 
togenesis) ;  and  (c)  the  blocking 
out  'of  the  organs  (organogenesis), 
and  the  shape-taking  of  the  entire 
organism  (morphogenesis)  ( '  Science 
of  Life,'  p.  123).  The  classical 
work  of  von  Baer  is  dedicated  to 
his  friend  Pander,  from  whom  and 
DoUinger  he  acknowledges  having 
received  the  first  impulses  towards 
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the  existing  knowledge  of  the  early  development  of 
the  germs  of  animals  by  discovering  the  ovum  in  the 
body  of  the  mammalia  before  fructification,  and  by  this 
and  other  discoveries  secured  his  claim  to  be  considered 
the  greatest  embryologist  of  his  own  age,  and  perhaps 
of  all  time.  He  goes  on  to  examine  to  what  extent  the 
morphological  differences  which  the  animal  kingdom  ex- 
hibits in  its  various  members  can  be  taken  as  a  guide  to 
the  genetic  differences  in  the  growth  and  development  of 
the  higher  organisms.  He,  in  fact,  tried  to  ascertain 
how  far  the  facts  of  classification  throw  a  light  on  the 
facts  of  development,  how  far  the  changing  embryo  of 
the  higher  animal  gradually  passes  through  the  permanent 
forms  of  the  lower  animals.  He  combats  the  idea  that 
the  classification  or  morphological  arrangement  can  be 
uni- serial — i.e.,  brought  into  one  continuous  line  or  order. 


his  researches.     He  wishes  to  dis- 
tinguish   carefully    between    facts 
and  theory,  and  is  very  cautious 
as   to   the   latter,    a    trait    which 
runs  through  all  his  writings.     It 
is  also  very  interesting  to  see  how 
in  his  biography  of   Cuvier  (post- 
humously published  by  Stieda)  he 
considers  it  a  merit  of  that  great 
naturalist    not   to   have    indulged 
in   genetic   theories.     "It   is   evi- 
dent that  Cuvier  in  his  youth  had 
also  a  genetic  system  in  view,  such 
as   Oken   afterwards   followed   up, 
but  that  he  must  soon  have  found 
out  that  this  task  was  unattainable 
for   him.     He    aban|ioned   it,    and 
sought   rather   to  draw   from   the 
manifoldness   of   the   formed   pro- 
duct inferences  regarding  the  con- 
ditions   of    its   genesis.     Thus   he 
arrived  at  the  teleological  concep- 
tions which  he  developed  on  vari- 
ous occasions.     German  naturalists 


drew   from   all   this,  especially  in 
the  age  of  Schelling's  '  Natur-phil- 
osophie,'  the  conclusion  that  Cuvier 
was  not  a  philosophical  mind.    To 
me  it  seems  that  we  recognise  in  it 
Cuvier's  desire  for  clearness.     He 
dropped  the   higher   task   because 
he  found  that   it  would  not  lead 
him   to   clear   views"  ('Lebensge- 
schichte  Cuvier's  von  K.  E.  von  Baer,' 
ed.  Stieda,   1897,  p.  72).     English 
readers,  to  whom  the  genetic  view 
has    only    become    familiar    since 
Darwin  or  perhaps  Lyell,  will  find 
with     astonishment    how    in    the 
writings  of  Baer,  before  Lyell  and 
even    before     the     appearance    of 
Cuvier's  final  system,  genetic  ideas 
were  thought  to  be  prevalent,  and 
were  criticised  elaborately  and  re- 
ceived  with    the    utmost  caution 
even  by  the  great  propounders  of 
the  doctrine  of  development. 


Animals  differ  according  to  the  type  of  organisation  to 
which  they  belong.     Thus  the  "  embryo  of  the  vertebrate 
animal  is  from  the  very  first  a  vertebrate  animal,  and  at 
no  time  agrees  with  an  invertebrate  animal."  ^     Having, 
however,   once    fixed   the    existence   of    special    organic 
forms,  he  asks  whether  within  the  limits  of  such  form 
no  law  can  be  discovered  to  formulate  the  development  of 
the  individual.     He  believes  there  can,^  and  he  proceeds 
to  explain  it  in  terms  which  for  the  most  part  might 
appear  unaltered  in  the  most  modern  work  on  evolution. 
He  states  that  the  more  special  type  is  developed  from  \ 
the   more    general,   "  and  that  the  more   different   two 
animal  forms  are,  so  much  the  further  back  must  their 
development  be  traced  to  find  them  similar."     Indeed  he 
thinks  it  probable  that  "  in  the  condition  of  the  actual 
germ  all  embryos  which  are  developed  from  true   ova 
agree,"  and  he  anticipates  the  cellular  theory  of  Schwann,  . 
established  by  observation  ten  years  later,  by  suggesting 
that  the  simple  vesicle  is  the  common  fundamental  form 
"from  which  all  animals  are  developed,  not  only  ideally 
but  actually  and  historically."  ^     In  further  examining 
the  process   of   development,   von   Baer  introduces   the 
very  suggestive  term  *  differentiation.     "  The  higher  and 
lower  development  of  the  animal  coincides  perfectly  with 
that  histological  and  morphological  differentiation  which 
gradually   arises  in   the  course  of  the    development   of 
the  individual."^     Development,  in  fact,  is  the  estab- 


^  Loc.  cit.y  p.  220  ;  transl.,  p.  210. 

^  Ibid,  p.  221. 

^  Loc.  cit,  p.  224  ;  transl.,  p.  213. 
On  this  anticipation  see,  however, 
von  Baer's  later  explanation  in 
■Reden,  &c.,'  vol.  ii.  p.  250. 

VOL.  II. 


'*  The  German  term  is  "  Son- 
derung,"  which  Huxley  renders  by 
the  English  term  "  Differentiation." 

•  Loc.  cit.,  p.  229,  230;  transl., 
p.  219. 


U 


306 


SCIENTIFIC   THOUGHT. 


ON   THE   GENETIC   VIEW   OF   NATURE. 


307 


If 


17. 

Von  Baer's 
views  in 
modern 
terras. 


lishing  of  differences,  and  in  reality  "  the  embryo  never 
passes  through  the  form  of  any  other  animal,  but  only 
through  the  condition  of  indifference  between  its  own 
form  and  others."  And  he  sums  up  his  reflections  by 
stating  that  the  "development  of  an  individual  of  a 
certain  animal  form  is  determined  by  two  conditions: 
first,  by  a  progressive  development  of  the  animal  by 
increasing  histological  and  morphological  differentiation ; 
secondly,  by  the  metamorphosis  of  a  more  general  form 

into  a  more  special  one." 

In  order  better  to  understand  the  difference  which 
separates  these  various  reflections,  though  breathing  so 
much  the  air  of  the  more  modern  theory  of  evolution, 
from  later  views,  and  to  prepare  for  a  real  comprehension 
of  the  great  step  taken  by  Darwin,  it  will  be  helpful  to 
resort  to  modern  nomenclature.     None  of  the  terms  of 
that  vocabulary  which  was  invented  by  Darwm  and  his 
followers  to  bring  home  to  the  popular  mind  the  mam 
points  of  his  revolutionary  doctrine  are  to  be  found  m 
the   earUer   writings   of   von   Baer.     Nevertheless  they 
are  useful  in  defining  the  views  of  the  great  naturahsts 
who  preceded  Darwin.     Since  we  have  become  famihar 
with  the  idea  of  the  origin  and  the  transmutation  of  the 
different  animal  and  vegetable  species,  we  are  accustomed 
to  apply  the  genetic  view  not  only  to  the  growth  and 
development  of  individual  living  things  in  nature,  but  to 
everything  else.     When  von  Baer  speaks  of  development, 
when  he  tells  us  that  "  the  history  of  development  is  the 
true  source  of  light  for  the  investigation  of  organised 
bodies,"  he  means  development  in  the  narrower  sense, 

1  Loc,  cit.,  p.  231  ;  transl.,  p.  220. 


that  which  Haeckel  has  termed  "  Ontogenesis,"  the  genesis 
of  the  individual  being.  From  this  Haeckel  distinguishes 
"  Phylogenesis,"  the  genesis  of  the  phyla,  the  genera,  and 
species.  Now,  in  discussing  the  relation  of  the  order 
which  prevails  in  the  natural  systems  of  animals  to 
the  stages  of  development  of  individual  embryos,  von 
Baer  does  not  seem  to  have  had  before  his  mind  the 
genesis  of  one  species  out  of  another,  a  view  which  he 
in  fact  ridicules  ^  after  a  very  modern  fashion.     He  looked 


1  Loc.  cit,  p.  200  ;  transl.,  p.  187 
(1828)  :  "This  idea— viz.,  that  the 
higher  forms  of  animals  in  the  single 
stages  of  the  development  of  the  in- 
dividual, from  its  first  origin  to  its 
completed  development,  answer  to 
the  permanent  forms  of  the  animal 
series —  .  .   .  could  not  fail  to  be 
widely  accepted,  since  it  was  sup- 
ported by  a   multitude  of   special 
demonstrations.     Certain  of  its  ad- 
vocates were  so  zealous  that  they 
no  longer  spoke  of  similarity  but  of 
perfect  identity,  and  a-ssumed  that 
the  correspondence   had   been   de- 
monstrated in  all  cases  and  to  the 
minutest  details.   ...   By  degrees 
it  became  the  custom  to  look  upon 
the  dififerent  forms  of  animals   as 
developed  out  of  one  another,  and 
then  many  appeared  to  forget  that 
this  metamorphosis  was   after   all 
only  a  mode  of  conceiving  the  facts. 
...  At  length,   in   sober   serious- 
ness, and  with  all  due  particularity, 
we  were  informed  exactly  how  they 
arose  from  one  another.     Nothing 
could  be  easier.     A  fish,  swimming 
towards  the  shore,  desires  to  take 
a  walk,  but  finds   his  fins  useless. 
They  diminish  in  breadth  for  want 
of  use,  and  at  the  same  time  elon- 
gate.    This  goes  on  with  children 
and  grandchildren  for  a  few  myriads 
of  years,  and  at  last,  who  can  be 
astonished    that    the   fins    become 


feet  ?     It  is  still  more  natural  that 
the  fish  in  the  meadow,  finding  no 
water,  should  gape  after  air,  there- 
by, in  a  like  period  of  time,  develop- 
ing lungs  ;  the  only  difficulty  being 
that  in  the  meanwhile  a  few  genera- 
tions must   manage  to  do  without 
breathing  at  all.     The  long  neck  of 
the   heron  arose  from  a  habit  its 
ancestors  acquired  of  stretching  out 
their  necks  for  the  purpose  of  catch- 
ing fish.  .   .   .   An  immediate  conse- 
quence of  the   assumption   of   this  - 
idea  as  a  natural  law  was   that  a 
view   which    had   once    been   very 
general,  but  had  subsequently  been 
pretty  generally  given  up, — that  of 
the   universal    progression   of    the 
different  forms  of  animals, — gradu- 
ally   got    footing     again.    ...    It 
must  be  confessed  that  the  natural 
law  being  assumed,  logical   conse- 
quence required  the   admission  of 
the  view  in   question.     There  was 
then    only  one   road  of   metamor- 
phosis,   that    of    further    develop- 
ment,  either   attained   in   one   in- 
dividual (individual  metamorphosis) 
or   through    the    different    animal 
forms   (the  metamorphosis   of   the 
animal  kingdom) ;  and  disease  was 
to  be  considered  as  a  retrogressive 
metamorphosis,    because    universal 
metamorphosis,    like     a     railroad, 
allows   motion    backwards  or  for- 
wards, but  not  to  one  side." 
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18. 
Phylotaxy 
and  phylo- 
genesis. 


upon  this  order  as  systematic  only,  and  ideal ;  ^  he  thinks 
merely  of  arrangement  or  "taxonomy."  We  may  say 
that  he  deals  with  phylotaxy  (called  at  that  time  tax- 
onomy), not  with  phylogenesis.  He  conceives  that  onto- 
genesis, the  historical  development  of  the  individual 
thing,  throws  light  on  the  "mutual  relations  of  organ- 
ised bodies";^  he  wishes  to  make  ontogenesis  helpful 
in  taxonomy  or  in  phylotaxy.  This  term  did  not  then 
exist,  but  it  is  useful  in  order  to  enable  us  to  under- 
stand the  change  which  came  over  natural  science  when 
the  attempts  at  phylotaxy  were  succeeded  by  the  schemes 
of  phylogenesis,  when  reasons  were  established  for  taking 
in  real  earnest  the  idea  then  fancifully  ^  put  forward  that 
the  natural  order  of  living  beings  represented  the  order 
in  which  they  had  developed  out  of  each  other  in  time. 
These  reasons  did  not  at  that  time  exist. 

A  suggestion  in  this  direction  had  indeed  been  thrown 
out,  and  an  elaborate  theory  had  been  published  about 


^  In  his  later  writings  von  Baer 
notes  especially  the  difference  be- 
tween a  purely  ideal  and  a  genetic 
or  genealogical  relationship.  See 
'  Reden,  &c.,'  vol.  ii.  p.  386  (2ud  ed.) 

2  'Entwickelungsgeschiohte' 
(1828),  p.  231;  transl.,  p.  221. 

^  In  a  later  publication  of  von 
Baer's  (see  *  Reden,  &c.,'  2  Theil, 
No.  v.,  "Ueber  Darwin's  Lehre") 
the  aged  author  tries  to  define  more 
exactly  the  part  which  his  early 
writings  played  in  the  gradual 
establishment  of  a  genetic  concep- 
tion of  nature.  If  Haller  arrived 
ultimately  at  the  dictum  "es  gibt 
kein  Werden, "  we  may  say  that  von 
Baer  as  emphatically  asserted  the 
opposite,  that  "es  gibt  kein  Sein." 
In  Baer  we  have  progressed  from  the 
study  of  the  "  esse  "  (fixed  forms)  to 


that  of  the  "fieri"  (processes  of 
change  and  development).  See  the 
expositions  in  the  introduction  to 
the  article  on  Darwin.  He  there 
also  mentions  Meckel  and  Oken  as 
the  two  principal  exponents  of  the 
extreme  view  then  put  forward  and 
opposed  by  himself,  that  the  human 
being  in  its  development  passes 
through  the  different  higher  forms 
of  the  animal  creation,  and  he 
maintains  that  Johannes  Miiller, 
who  had  in  the  first  edition  of  his 
'Physiology'  accepted  this  view, 
struck  it  out  in  the  second.  He 
also  refers  to  a  passage  in  a  Memoir 
of  1859,  published  just  before  the 
appearance  of  the  *  Origin  of 
Species,'  in  which  he  maintains  his 
belief  "  that  formerly  organic  forms 
were  less  rigid." 


ten  years  before  von  Baer  ^  took  up  "  the  subject,  which 
then  presented  itself  as  the  richest  which  an  anatomist 
could  take  up,  the  history  of  development,"  and  twenty 
years  before  his  first  larger  publication  on  this  subject. 
Lamarck's^'  'Philosophic  Zooiogique '  appeared  in  1809. 
Though  known  to  von  Baer,  it  does  not  seem  to  have 
ever  been  much  appreciated  by  him,  but  it  was  the 
first  serious  attempt  to  deal  with  phylogenesis,  as  von 
Baer's   researches   were    the   first   consistent  studies  in 


ontogenesis. 


It  is  of  interest  to  inquire  into  the  reasons  which 
induced  Lamarck  to  form  opinions  so  entirely  different 
from  those  which,  through  the  influence  and  the  authority 
of  Cuvier,  were  then  prevalent  among  naturalists,  and  to 
oppose  the  idea  of  variabihty  and  of  descent  to  that  of 


^  Von  Baer  himself  describes — 
using  these  words — how  in  the  year 
1819  the  play  of  accident  or  good 
fortune  "threw  this  subject  into 
his  hands."     Stieda,  p.  67. 

-  Since  the  interest  in  the  specu- 
lations of  J.  Baptiste  de  Lamarck 
(1744  -  1829)  has  been  revived 
through  the  writings  of  Charles 
Darwin,  the  historical  antecedents 
of  his  ideas  have  also  been  studied, 
and  his  as  well  as  Geofiroy's 
theories  have  been  brought  into 
connection  with  the  views  contained 
in  Buffon's  *  Epoques  de  la  Nature.' 
See  especially  the  interesting  an- 
alysis in  Edmond  Perier's  '  La 
Ptjilosophie  Zoologique  avant  Dar- 
win,' 1884.  "Ainsi  surgissent, 
poses  par  Buflfon,  ce  partisan  d'abord 
si  resolu  de  la  fixite  des  esp^ces, 
tons  les  problemes  dont  la  solution 
aura  ^te  sans  aucun  doute  la  pensee 
domiuante  de  la  seconde  moitie  de 
ce  siecle.  .  .  .  Et  toutes  ces 
grandes  idees  que  Buffon  devine  en 


quelque  sorte,  vers  lesquelles  il  est 
invinciblement  entraine  par  la  puis- 
sante  et  rigoureuse  logique  de  son 
g^nie,  sont  pr^cis^ment  celles  qui 
commencent  aujourd'hui,  appuyees 
sur  un  ensemble  imposant  de  re- 
cherches,  k  triompher  de  tons  les 
scrupules"  (p.  68).  "Trois  grands 
hommes  y  vont  poursuivre,  par  des 
voies  diverses,  I'oiuvre  de  Buffon  : 
Lamarck,  Geoffroy  St  Hilaire,  et 
Cuvier"  (p.  72).  For  the  histori- 
cal connections  of  Lamarck's  ideas 
see  also  Huxley's  article  in  the  9th 
ed.  of  the  '  Ency.  Brit.,'  in  which  he 
points  to  a  great  change  which  took 
place  in  Lamarck's  views  between 
1794  and  1 809.  In  fact,  the  theories 
which  have  given  to  Lamarck  so 
distinguished  a  position  in  the  his- 
tory of  the  genetic  view  of  nature 
belong  to  the  latter  half  of  his  long 
life.  I  know  of  no  other  recent 
example  of  so  late  a  development  of 
quite  original  ideas  except  perhaps 
the  critical  philosophy  of  Kant. 


19. 
Lamarck . 
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the  fixity  and  independence  of  species.     And  it  is  equally 
interesting  to  mark  the  causes  which  militated  against 
the   more   general  acceptance  of   his  views,  and  which 
cast  the  '  Philosophic  Zoologique  '  into  oblivion.     To  the 
first  question  Lamarck  has  himself,  in  the  introduction  ^ 
to  his  great  work,  furnished  us  with  the  means  of  reply- 
ing.    He  there  tells  us   that  when  the   real   study  of 
natural  history  began,  and  each  of  the  different  king- 
doms of  nature  received  the  due  attention  of  naturalists, 
animals  with  a  backbone — viz.,  mammalia,  birds,  reptiles, 
and  fishes — received  the  greater   attention.^     Being  in 
general  larger,   with    parts    more    developed   and  more 
easily   determinable,  they,   as   it  were,  obtruded   them- 
selves on  the  attention  of  man,  for  whom  they  are  both 
more  useful  and  more  formidable.     The  other  large  group 
of  animals,  classed  together  first  by  Lamarck  himself  as 
"  Invertebrates,"  are  mostly  very  small,  with  organs  and 
faculties  less  developed,  and  thus  much  further  removed 
from  man  and  his  interests.     Of  this  by  far  more  numer- 
ous class  of  beings,  those  called  insects  had  alone  at  the 
end  of  the  former  century  received  considerable  atten- 
tion, whereas  all  the  others,  classed  together  by  Linnaeus 
as  "  worms,"  formed  a  kmd  of  chaos,  an  unknown  land. 


1  Lamarck's  later  genetic  views 
are  contained  in  the  '  Philosophic 
Zoologique,'  which  appeai'ed  in 
1809,  and  was  republished  with  a 
biographical  notice  by  Charles 
Martin  in  1873.  I  quote  from  this 
edition.  His  principal  ideas  are  also 
summarised  in  the  introduction  to 
his  great  work,  '  Histoire  des 
Animaux  sans  Vert^bres'  (1816), 
which  in  fact  he  represents  as  con- 


Uining  the  ''pieces  justificatives 
de  ce  que  j'ai  publie  dans  ma 
Philosophie  Zoologique."^  This  great 
work  was  republished  in  1837  by 
Deshayes  and  Milne  -  Edwards.  I 
quote  from  this  edition,  which  is 
in  three  volumes.  ^ 

2  See    '  Philosophie    Zoologique, 
Discours  preliminaire,  vol.  i.  p.  29  ; 
also     'Animaux    sans     Vert^bres,' 
Introduction,  vol.  i.  p.  11. 
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It  was  to  some  extent  accidental  ^  that  Lamarck,  after 
having  devoted  himself  for  many  years  to  the  exclusive 
study  of  plants,  should  on  the  occasion  of  the  foundation 
of  the  different  chairs  for  the  natural  sciences  at  the 
"  Museum  "  suggested  by  Lakanal,  have  allotted  to  him 
the  cultivation  of  this  department,  unknown  to  himself  as 
it  was  to  others,  and  where  even  the  systematising  genius 
of  Linnaeus  had  abstained  from  trying  to  make  order. 
Thus  it  came  about  that  Lamarck  brought  to  the  study 
of  the  animal  world  a  mind  trained  in  a  very  different 
region  of  science,^  and   that  he  approached  this  study 


1  See    the    "Introduction    Bio- 
graphique,"   by   Martins,    'Philos. 
Zool.,'    I.    xiii.      "La    Convention 
gouvemait   la   France,   Caruot  or- 
ganisait  la  victoire.     Lakanal  entre- 
prit  d'organiser  les  sciences  natur- 
elles  :  sur  sa  proposition,  le  Museum 
d'histou-e  naturelle  fut  cree.      On 
avait  pu   nommer  des  professeurs 
a  toutes  les  chaires,  sauf  pour  la 
zoologie ;     mais     dans    ces    temps 
d'enthousiasme  le  France  trouvait 
des    hommes    de    guerre    et    des 
hommes  de  science  partout  oil  elle 
en  avait  besoin.     Etienne  Geoffroy 
Saint-Hilaire  ^tait  age  de  vingt-et- 
un  ans,  il  s'occupait  de  mineralogie 
sous  la  direction  d'Hauy.     Dauben- 
ton  lui  dit :  '  Je  prends  sur  moi  la 
responsabilit^    de    votre     inexpe- 
rience ;  j'ai  sur  vous  Tautorit^  d'un 
pere;     osez     entreprendre     d'en- 
seigner  la  zoologie,  et  un  jour  on 
puisse  dire  que  vous  en  avez  fait 
uue    science    fran9aise.'      Geoffroy 
accepte,  et  se  charge  des  animaux 
sup^rieurs.     Lakanal  avait  compris 
qu'un  seul   professeur  ne   pouvait 
8ufl&re  h.  la  tache  de  ranger  dans 
les  collections  le  regne  animal  tout 
entier.     Geoffroy  devant  classer  les 


vertebras  seulement,  restaient  les 
invert^br^s,  h  savoir  les  insectes,  les 
mollusques,  les  vers,  les  zoophytes, 
c'est-a-dire  le  chaos,  I'inconnu. 
Lamarck,  dit  M.  Michelet,  accepta 
I'inconnu  .  .  .  il  avait  tout  h,  ap- 
prendre,  tout  a  creer  dans  ce  monde 
inexplore,  ou  Linn^  avait  pour  ainsi 
dire  renonce  h.  introduire  I'ordre 
methodique  qu'il  avait  su  si  bien 
etablir  parmi  les  animaux  super- 
ieurs."  Lamarck  was  accordingly 
about  fifty  when  he  undertook  this 
novel  study,  which,  as  Huxley 
pointed  out,  was  to  work  such  a 
change  in  his  views  {loc.  cit.) 

-  He  had  written  in  six  months 
his  *  Flore  fran^aise,'  which  was 
prefaced  by  his  '  Cl^  dichotomique.' 
This  was  in  .  1778.  "Rousseau 
avait  mis  la  botanique  a  la 
mode ;  les  gens  du  monde,  les 
dames  s'en  occupaient.  Buffon 
fit  imprimer  les  trois  volumes  de 
la  'Flore  fran^aise'  k  rimprimerie 
royale"  {loc.  cit.  p.  11).  Lamarck 
had  also  qualified  as  a  naturalist 
by  extensive  travels  in  many  Euro- 
pean countries  as  a  companion  to 
Buffon's  son. 
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from  that  side  which  at  the  time  was  the  least  known, 
and  probably  the  least  promising:  he  approached  it, 
as  it  were,  from  below.  But  this  had  the  consequence 
of  giving  to  his  original  mind  in  two  ways  a  special 
direction.  First  of  all,  it  enabled  tim  to  look  at  natural 
objects  from  a  more  general  point  of  view,  not  as  a 
zoologist  or  as  a  botanist,  but  as  a  naturalist  and  a 
biologist— t.e.,  from  the  more  general  view  of  the  pheno- 
mena of  Life.^  Indeed  he  himself  seems  to  have  been 
20.  the  first,  if  not  to  use,  at  least  to  introduce  in  his 
^^Bio^f^."   published  writings,  the  term  "  biology." '     And  secondly. 


1  'Philos.    Zool.,'    Discours    pre- 
lim., p.   31:    "Le  vrai  moyen  de 
parvenir  a  bien  connaitre  un  objet, 
meme  dans  ses  plus  petits  details, 
c'est  de  commencer  par  I'envisager 
dans    son    entier  ;    par    examiner   i 
d'abord,    soit    sa    masse,    soit   son 
etendue,  soit  I'ensemble  des  parties 
qui  le  composent ;    par  rechercher 
quelle  est  sa  nature  et  son  origine, 
quelles  sout  ses  rapports  avec  les 
autres  objets  connus ;  en  un  mot, 
par    le    consid^rer    sous    tons    les 
points   de   vue   qui   peuvent    nous 
eclairer   sur  toutes  les  generalites 
qui  le  concement."     P.   32:    "La 
necessite  reconnue  de  bien  observer 
les  objets  particuliers  a  fait  naitre 
I'habitude  de  se  borner  a  la  con- 
sideration de  ces  objets  et  de  leurs 
plus    petits    details,    de    maniere 
qu'ils  sont  devenus,  pour   la   plu- 
part  des  naturalistes,  le  sujet  prin- 
cipal   de    I'etude.      Ce    ne    serait 
cependant  pas  une  cause  reelle  de 
retard  pour  les  sciences  naturelles, 
si  Ton  s'obstinait  li  ne  voir  dans  les 
objets   observes    que    leur    forme, 
leur    dimension,    leur    parties   ex- 
ternes,    memes    les    plus    petites, 
leur  couleur,  &c. ,  et  si  ceux  qui 
se    livrent   a    une    pareille    etude 
dedaignaient  de  s'elever  h.  des  con- 
siderations superieures,  comme  de 


chercher  quelle  est  la  nature  des 
objets  dont  ils  s'occupent  quelles 
sont  les  causes  des  modifications  ou 
des  variations  auxquelles  ces  objets 
sont  tons  assujettis,  quels  sont  les 
rapports  de  ces  memes  objets  entre 
eux,  et  avec  tous  les  autres  que 
Ton  connait,"  &c. 

2  Lamarck    in    his    '  Hydrogeo- 
logie,'    in    an    appendix    (p.    188) 
which  seems  to  be  a  rehearsal  of 
his   opening    lecture   of    1801,  an- 
nounces  a   work,    'Biologic,'  as  a 
sequel,   being   the    third   and  last 
part    of    the    Ten-estrial    Physics. 
This  work  was  not  published,  but 
was    probably    comprised    in    his 
'  Philosophic  Zoologique.'    See  Prof. 
A.  S.  Packard's  excellent  work  on 
Lamarck,  '  The  Founder  of  Evolu- 
tion, his  Life  and  Work,'  London 
and    New    York,   1901.      As    La- 
marck's  writings    are   very   scarce 
,   and  his  teaching  only  imperfectly 
'    understood,    frequently    misrepre- 
sented, even  by  competent  author- 
ities, and  in  popular  opinion  sur- 
rounded by  mystery  and  sometimes 
treated  with  ridicule,  the  work  of 
Prof.    Packard   is    most    welcome. 
It  contains  copious  extracts— un- 
fortunately   all    translated  — from 
I   the  earlier  biological  writings  and 
lectures,   which  are   otherwise  al- 
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it  introduced  him  to  the  study  of  animal  life  from  that 
side  where  organisation,  the  phenomena  and  the  organs 
of  life  were  the  simplest,  rudimentary  as  it  were,  and 
unformed.  Here  the  great  differences  of  form,  the 
morphological  differences  which  the  observation  of  the 
higher  and  more  developed  creatures  force  upon  our 
attention,  disappear;  not  the  marked  differences,  but 
the  numerous  relations,  the  endless  varieties  and  re- 
semblances, seem  to  command  our  consideration.  These 
seem  to  be  much  more  likely  to  "make  us  understand 
the  beginnings  of  all  organisation  as  well  as  the  cause 
of  its  complexity  and  of  its  development."^  Now  in 
descending  in  the  scale  of  the  living  objects  of  nature, 
Lamarck  was  struck  by  the  fact  that  many  of  the 
phenomena  of  life  which  in  the  higher  animals  seemed 
to  originate  within  were  in  the  lower  creatures  produced 


most    inaccessible.      According   to 
Huxley  (Lecture  "On  the  Study 
of  Biology,"  1876,  and  "  Evolution 
in  Biology,"  'Ency.  Brit.,'  9th  ed.), 
there   were    simultaneously    three 
independent  attempts  to  treat  the 
phenomena  of    organic    life    as    a 
whole  and  in  connection,  emanat- 
ing from  Bichat  and  Lamarck  in 
France,  and  from  G.  R.  Treviranus 
in  Germany.      The  great  but  un- 
finished  work  of  the  latter,  with 
the    title   'Biologic    oder   Philoso- 
phic   der    lebenden     Natur,'    was 
begun   in  1796,  when    the   author 
was   only    twenty,    but    the    first 
volume  was  not  published  till  1802, 
one  year  after  Lamarck's  '  Hydro- 
geologie.'     Haeckel  in  his  'Natur- 
liche  Schopfungs  geschichte'  gives 
some  account  of  Treviranus'  ideas 
(Band  I.  Vorlesung  4).     Although 
so   much  has  been  written  about 
"Biology,"  the   definition   of   the 
science  is  still    uncertain.      Prof. 


Goebel  says:  "The  word  Biology 
is  one  of  those  conceptions  of 
modern  times  which  have  not  yet 
arrived  at  a  generally  accepted 
limitation.  Some  understand  by 
it  the  whole  science  of  living 
things,  others  only  the  doctrine 
of  the  phenomena  of  life  in  con- 
trast to  the  purely  descriptive 
branches."  ('  Pflauzenbiologische 
Schilderungen,'  Marburg,  1889,  vol. 
i.  p.  1).  With  Lamarck  biology  was 
only  one  division  of  a  general 
science  of  nature,  for  he  says 
('Hydrogeologie,'  p.  8):  "Toutes 
ces  considerations  partagent  natur- 
ellement  la  physique  terrestre  en 
trois  parties  essentielles,  dont  la 
premiere  doit  comprendre  la  theorie 
de  I'atmosphere,  la  Met^orologie, 
la  seconde  celle  de  la  crotite  exteme 
du  globe,  I'Hydrogeologie  ;  la  troi- 
sidme  enfin,  celle  des  corps  vivants, 
la  Biologic." 

1  Philos.  Zool.,  vol.  i.  p.  30. 
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21. 
"  Environ- 
ment." 


11 
1*1 


or   excited   from   outside,  and  he  was   thus  led  to  the 
conception  that  nature  herself,  through  the  environment, 
did  a  great  deal  for  the  lower  creatures  which  in  the 
gradual  development  of  the  higher  ones  she  knew  how 
to  make  them  do  for  themselves.^     In  fact,  the  idea  is 
worked  out  in  the  '  Philosophic  Zoologique,'  that  if  we 
commence  the  study  of  living  creatures  from  below,  and 
from  the  side  of  vegetable  life,  we   are  inevitably  led 
to  the  conviction  that  the  surrounding  conditions  and 
influences,  the   environment,  are   gradually   and  slowly 
modifying  the  elementary  organisms,  and  through  habit 
and  inheritance-  developing  the  higher  ones,  endowing 
them  with  more  specialised  organs   and  more  complex 

powers  and  activities. 

Lamarck  is  aware  that  these  ideas  sound  strange  and 
novel,  and  he  is  quite  prepared  to  admit  in  the  reception 
of  them  by  his  readers  the  same  inevitable  force  of  habit 
which,  as  it  only  permits  gradual  modification  of  the  forms 


1  Philos.  Zool., 'Avertiasement,' 
p.   13  :    "  Ayant  remarque  que  les 
mouvements  des  animaux  ne  sont 
jamais  communiques,    mais    qu'ils 
sont  toujours  excites,  je  reconnua 
que  la  nature,  obligee  d'abord  d'em- 
prunter  des   milieux  environnants 
la  puissance  excitatrice  des  mouve- 
ments  vitaux   et   des    actions   des 
animaux  imparfaits,  sut,  en   com- 
posant  de  plus  en  plus  I'organisa- 
tion     animale,     transporter     cette 
puissance  dans  I'interieur  meme  de 
ces  etres  et  qu'a  la  fin  elle  parv^int 
a  mettre  cette  meme  puissance  h  la 
disposition  de  I'individu."     P.  12  : 
"Ayant    considere    que    sans    les 
excitations    de    I'interieur,    la   vie 
n'existerait  point  et  ne  saurait  se 
maintenir     en     activity     dans    les 
vegetaux,  je  reconnus  bientot  qu' 


un  grand  nombre  d'animaux  de- 
vaient  se  trouver  dans  le  meme 
cas ;  et  comme  j'avais  eu  bien  des 
occasions  de  remarquer  que,  pour 
arriver  au  meme  but,  la  nature 
variait  ses  moyens,  lorsque  cela 
etait  necessaire,  je  n'eus  plus  de 
doute  b.  cet  egard." 

2  Ibid.,  p.  13:  "Je  pus  saisir  le 
fil  qui  lie  entre  elles  les  causes 
nombreuses  des  phenom^nes  que 
nous  offre  1' organisation  animale 
dans  ses  developpements  et  sa 
diversite,  et  bientot  j'aperous  1  im- 
portance de  ce  moyen  de  la  nature, 
qui  consiste  a  conserver  dans  les 
nouveaux  individus  reproduits  tout 
ce  que  les  suites  de  la  vie  et  des 
circonstances  influentes  avait  fait 
acquerir  dans  I'organisation  de  ceux 
qui  leur  ont  transmis  Texistence. 
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of  nature,  so  also  opposes  a  great  resistance  to  any  sudden 
change  of  opinion.     "  But  it  is  better,"  he  says,  "  that  a 
truth  once  perceived  should  struggle  a  long  time  to  obtain 
merited  attention  than  that  everything  that  the  ardent 
imagination  of  man  produces  should  be  easily  accepted."  ^ 
Whereby   it    may  appear    to  us   worthy  of    note    that 
Lamarck  did  not  stop  to  reflect  on  the  existence  of  those 
sudden  changes  by  which  such  powers  as  the  "ardent 
imagination  of  man"  are  continually  breaking  through 
the  slow  action  of  habit.     The  doctrine  of  the  mutability 
and  variabiUty  of  species,  of  the  influence  of  the  environ- 
ment on  the  habits,  and  through  them  and  inheritance 
on  the  forms  of  living  creatures,  was  thus  opposed  to 
the  prevalent  doctrine  of  the  fixity  of  species  and  the 
permanence   and    recurrence   of    types.     Through    these 
generalisations,    and    through    the    larger    view    which 
Lamarck  took  of  the  phenomena  of  nature  and  of  life, 
he  stepped   outside   of   that   school   of   natural   studies 
which  was  then  dominant  in  his  country,  and  approached 
the  teachings  of  the  German  philosophers  of  nature,  such 
as  Schelling,  Oken,  and  Steffens,  with  whom  Goethe  is 
frequently  associated,  who,  rather  than  limit  themselves 
to    the    patient    study    of    detail,  indulged    in    fanciful 
theories  on  the  origin  of  life,  the  genesis  and  metamor- 
phosis of  forms,  and   the   ideal   significance   of   natural 
phenomena  and   processes.     A  wide  gap  separated  the 
speculations  of  the  author  of  the  '  Flore  frangaisfe,'  the 
'  Histoire  des  Animaux  sans  Yert^bres,'  and  the '  Memoires 
sur  les  Coquilles  fossiles  des  environs  de  Paris  '  from  those 
of  the  German  school,  yet  it  cannot  be  denied  that  in 

^  Philos.  Zool.,  p.  15. 
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many  passages  ot  the  '  Hydrogeologie,'  where  he  specu- 
lated  on  matters  of  chemistry,  geology,  and  meteorology 
without  the  necessary   foundation  of  facts,  such  as  he 
possessed  in  botany  and  zoology,  he  laid  himself  open 
to    the   criticism    and   ridicule  i    of    his    more  cautious 
opponents.     Thus  it  happened  that  the  most  original  con- 
tributions to  science  were  forgotten  or  disregarded  for 
more  than  half  a  century,  after  which  time  Lamarckism 
became  a  familiar  term  in  speculative  science,  denoting 
one  of  the  great  ideas  with  which  the  genetic  view  of 
nature    operates  —  viz.,  the    influence    of   environment, 
adaptation,  acquired  habits,  in  the  development  of  living 

organisms. 

In  the  history  of  the  genetic  view  of  nature,  the 
position  of  Lamarck  may  be  regarded  as,  in  a  certain 
sense,  complementary  to  that  of  von  Baer.  Both  brought 
the  study  of  living  forms  back  to  that  of  their  origuis 
—Lamarck  to  the  study  of  the  lowest  forms  of  animal 
creation,  the  great  variety  and  abundance  of  which  he 
was  the  first  to  attempt  to  put  into  some  order;  von 
Baer  to  the  study  of  the  embryonic  beginnings  of  the 
higher  organisms,  on  which  important  subject  he  was 
one  of  the  first  to  throw  some  light.     Though  widely 


1  See,    inter    alia,    what    Cuvier 
wrote  in  his  'Eloge  de  Lamarck,' 
which    was   read   posthumously  in 
the    Academy    by    Silvestre,  26th 
November  1832  ('  Mem.  de  I'Acad. 
des    Sciences,'    vol.    xiii.    p.    xx), 
with   omissions   to   tone   down  its 
severity  :  "  Quelque  interet  que  ces 
ouvrages  excitassent  par  leurs  par- 
ties   positives,    personne    ne    crut 
leur     partie     systematique     assez 
dangereuse     pour    meriter     d'etre 
attaqu^e;  on     la    laissa    dans    la 


meme  paix  que  la  th^orie  chim- 
ique"  ;  and  further  on  he  touches 
on  one  of  the  weakest  points  of  all 
genetic  speculations  (p.  xxii)  :  "Le 
temps  sans  borne  qui  joue  un  si 
grand  role  dans  la  religion  des 
mages,  n'en  joue  pas  un  moins 
grand  dans  toute  cette  physique 
de  M.  de  Lamarck,  et  c'^tait  ^iu^ 
lui  qu'il  se  reposait  pour  calmer  ses 
propres  doutes  et  pour  repondre 
a  toutes  les  objections  de  se3 
lecteurs." 
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different  in  their  mental  attitude,  the  two  men  agreed 
in  looking  for  the  advancement  of  natural  science  in 
an  understanding  of  the  simpler,  unspecified,  and  un- 
differentiated forms  or  stages  of  existence  out  of  which 
they  conceived  the  more  complex  to  have  grown  or  de- 
veloped by  a  process  of  specialisation  or  differentiation. 
Many  other  naturalists  and  philosophers  contributed, 
partly  independently,  partly  through  the  influence  of 
Lamarck's  systematic  and  von  Baer's  embryological 
labours,  to  elaborate  the  same  view  and  strengthen  the 
same  tendency  of  thought  and  research.  Nor  were 
there  wanting  suggestions  as  to  the  ultimate  philo- 
sophical drift  of  the  line  of  reasoning.  It  is  doubtful 
whether  these  speculations,  like  those  of  Oken  in  his 
'  Physio-philosophy,'  did  not  retard  rather  than  promote 
the  acceptance  of  the  genetic  view  by  scientific  thinkers: ' 

organisms  had  taken  a  new  start, 
the  notion  of  their  Transformation 
was     pretty    generally    accepted." 
The   view   expressed   here  by  von 
Baer    would     probably     have     to 
be  limited  to  German  naturalists  at 
that  date.    It  must,  however,  be  ad- 
mitted that  the  fairest  exposition 
and  criticism  of  the  arguments  of 
Lamarck  at  that  early  date  is  prob- 
ably to  be  found  in  Lyell's  '  Prm- 
ciples  of  Geology  '  (vol.  ii.  Bk.  III. 
chap.  i.  to  iv.)     He  there  also  con- 
siders the  arguments  derived  from 
embryology  as  contained  in  the  re- 
searches of  Thiedemann,  confirmed 
by  Serres  ('  Anatomie  Compar6e  du 
Cerveau,'  1824),  and  comes  finally 
to  the  result  that— 1.  "  There  is  a 
capacity  in  all  species  to  accommo- 
date themselves."     2.    "That  the 
mutations   thus    superinduced  are 
governed   by   constant    laws.       3. 
That  "some  acquired  peculiarities 
of  form,  structure,  and  instinct  are 


^  On  the  position  of  Goethe  and 
Oken  in  the  history  of  the  genetic 


view. 


see   Carus,   '  Geschichte  der 
Zoologie,'     p.      723;     von     Baer, 
'Reden  und  wissenschaftliche  Ab- 
handlungen,'   Bd.    II.   p.  258,  &c. 
Both  consider  Lamarck  as  the  real 
originator  of  a  scientific  theory  of 
Descent.     Von  Baer  gives  an  anius- 
iug  account  of  the  extent  to  which, 
as  early  as  1829,  actual  genealogical 
trees  were  given  in   Jacob  Kaup  s 
*  Skizzirte  Ent  wickelungsgeschichte 
uud  natiirliches  System  der  Eur- 
opaeischen   Thierwelt.'     Von   Baer 
sums  up  his  historical  account  in 
the  following  words  (p.  264) :  "In 
general  I  believe  that  at  that  time, 
when   the  succession   of    different 
animals  and  plants  in  the  history  of 
the  earth— and  generally  from  im- 
perfect to  more  perfect  organisms 
—occupied  the  thoughts  of  natural- 
ists, and  when,  at  the  same  time, 
the  study  of  development  of  single 
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they  belong,  therefore,  more  to  the  history  of  philo- 
sophical  than  to  that  of  scientific  thought.  There  is, 
however,  one  instance  of  which  it  is  necessary  to  take 

a  passing  notice. 

In  the  year  1844  a  book  appeared  which  in  nine 
years,  up  to  1853,  ran  through  nine  large  editions.  It 
was   Lnonymous,^  and   bore   the   title  '  Vestiges   of  the 


transmissible  to  the  oirspring."     4. 
That  "  indefinite  divergence  "  from 
the  original   type  is  "prevented." 
5.  That  "the  intermixture  of  dis- 
tinct species  is  guarded  against  by 
the  aversion  of  the  individuals  com- 
posing them  to  sexual  union."     6. 
That  "  it  appears  that  species  have 
a  real  existence  in  nature,  and  that 
each  was  endowed,  at  the  time  of 
its    creation,  with    the    attributes 
and    organisation    by   which    it   is 
now  distinguished."    The  reviewers   1 
of  Lyell's  work— such  as  Whewell    i 
('Quarterly,'  vol.    xlvii.   p.   113)—    | 
treat     Lamarck    with    much    less 
gravity   than   Lyell    himself,    who 
evidently  had  studied  the  '  Philoso- 
phie  Zoologique'  carefully  and  with 
much  interest ;  which,  I  am  afraid, 
was  not  the  case  with  many  others 
who  then  and  long  after  only  quoted 
certain   extreme  passages  and   ex- 
amples which  had  been  spread  in 
general    literature    in    a    garbled 
fashion.      Contrast  in  this  respect 
what  Lyell  wrote  to  G.  Mantell  in 
1827  (*  Life  of  Lyell,'  vol.  i.  p.  168), 
where  he  admits  having  "  devoured 
Lamarck  with  pleasure, "and  though 
disagreeing  with  him,  admits  that 
it    is    impossible    to    say    "what 
changes  species  may  really  under- 
go," with   the  remarks  of  Charles 
Darwin— otherwise  so  careful  and 
moderate — when  he  talks  of  "La- 
marck nonsense"   ('Darwin's   Life 
and  Letters,'  p.  23)  and  his  "  verit- 
able rubbish  "  (p.  29),  and  attrib- 
utes to  him  statements  which  such 
a  careful  student  of  his  writings  as 


Prof.  Packard  had  been  unable  to 
trace  (see  his  work  on  '  Lamarck,' 
1901,  p.    74).       One  would  be  in- 
clined to  agree  with  Darwin  that 
such  absurdities  have  done  the  sub- 
ject more  harm  than  good,  but  to 
attribute   them   rather   to  garbled 
paraphrases  and  quotations  by  La- 
marck's critics(see  Darwin  toHooker, 
1853,  'Life,'  vol.  ii.  p.  39)  than  to 
Lamarck  himself.    More  than  thirty 
years  after  the  publication  of  the 
'  Principles,'  when,  in  consequence 
of  the  appearance  of  the  '  Origin  of 
Species,'  the  subject  of  Transmuta- 
tion   was    much    discussed,   Lyell 
wrote  to  Darwin  that  he  had  re- 
read Lamarck,  and  admitted  that, 
"  remembering  when  his  book  was 
written,  he  felt  he  had  done  him 
[Lamarck]   injustice"  ('Life,  &c., 
of  Sir  Charles  Lyell,'  1881,  vol.  ii. 
p.  365).     In  the  same  letter  Lyell 
states  that  forty  years  ago  (1823) 
Prevost,  a  pupil  of  Cuvier  s,  told 
him   his   conviction  "that   Cuvier 
thought  species  not  real,  but  that 
science  could  not  advance  without 
assuming  that  they  were  so.' 

1  The  anonymity  of  the  work  was 
long  maintained,  and  though,  after 
various  guesses  as  to  the  author- 
ship—attributing  it,  e.g.,  to  Lyell  or 
Darwin— had  been  made,  it  was  gen- 
erally believed  that  Robert  Cham- 
bers (1802-1871)  was  the  author, 
this  was  not  publicly  admitted  till 
Alex.  Ireland— the  last  survivor  of 
the  few  friends  to  whom  the  secret 
was  committed  —  published  (1884) 
the  twelfth  edition  of  the  book, 
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Natural  History  of  Creation.'  This  book  contained  a  very 
clear  and  popularly  intelligible  statement  of  the  genetic 
or  development  hypothesis  as  applied  to  cosmic,  geolog- 
ical, and  organic  phenomena.  The  importance  of  the 
book  did  not  lie  in  its  own  original  contributions,  but  in 
the  great  controversy  which  it  occasioned.  In  this  con- 
troversy  most   of   the   arguments   for    and    against  the 


with  an  introduction,  in  which  he 
"  told  for  the  first  time  "  the  "  story 
of  the  authorship. "  It  is  of  interest, 
after  the  lapse  of  half  a  century,  to 
read  the  various — mostly  hostile- 
criticisms  of  the  book  in  the  reviews 
and    magazines   of   the  day.     The 
attacks   came   from    two    distinct 
sides :   from   scientific   authorities, 
who  — each    in    his    own     specific 
branch— challenged  the  correctness 
of  single  facts,  mostly  without  in- 
quiring whether,  in  spite  of  many 
misstatements,   suflacient  evidence 
was  not  after  all  adduced  to  prove 
the   main   thesis  ;    and,    secondly, 
from   both  scientific   and   popular 
writers,  who  used  the  well-known 
arguments,  that  the  teaching  of  the 
book   was   unorthodox,  both   in   a 
religious  and   scientific  sense.     In 
fact,    they    displayed    in    a    great 
degree  scientific  and  religious  dog- 
matism and  intolerance,  and  in  some 
cases  considerable  temper.    To  this 
larger  section  of  the  critical  attacks 
belonged    the    reviews  in    all    the 
leading    periodicals     of    the     day, 
headed   by    the    '  Edinburgh    Re- 
view '  (Adam  Sedgwick),  the '  North 
British  '  (Sir  David  Brewster),  the 
'Eclectic,'   the   '  North  American  ' 
(Bowen  and  Asa  Gray),  the  '  Brit- 
ish Quarterly.'     Tolerance  and  ap- 
preciation   were,    however,  shown 
by  some  of  those  more  recent  re- 
views which  were   professedly  the 
organs  of  freedom,  enlightenment, 
and    progress,    notably  the  '  Pros- 
pective '  (F.  W.  Newman)  and  the 
'Westminster'  in  two  articles,  in 


the  first  of  which  the  genetic  view 
of   the    'Vestiges'  is   suggestively 
contrasted  with  the  purely  descrip- 
tive of  the  '  Kosmos.'     Looking  at 
the  whole  controversy,  the  '  West- 
minster Review'  (xliii.  130)  seems, 
in  the  light  of  history,  justified  in 
maintaining    that,    after    "having 
attentively   considered    the  objec- 
tions  which    have    been   urged   in 
numerous    able   criticisms    to   the 
theory  and   the  arguments  of   the 
author,"  after  noting  that  "  learned 
men  have  discovered  that  he  is  less 
familiar  than  they  with  the  pedantry 
of     science,"     that     "they     have 
triumphed  in  the  detection  of  slips 
of  the  pen,  mistakes  in  technicali- 
ties, and  some  inaccuracies  of  fact," 
the  conclusion  is  nevertheless  justi- 
fied that  "  these  detract  but  little 
from  the  merit   of   a   work  which 
may  be  fairly  characterised  as  the 
most  skilful  generalisation  that  has 
yet  (1848)  appeared  of  the  results  of 
geological,  astronomical,  and  physi- 
ological  researches   made    to    bear 
upon  the  history  of  the  first  and 
most  momentous  of  all  problems— 
the   order   and   plan  of  creation." 
It   is   known   that    some  scientific 
men  of  first  rank,  such  as  Baden 
Powell   of  Oxford,  and  the  physi- 
ologist   W.     B.    Carpenter     (who, 
j   according  to  Huxley,  was  the  only 
authority  in  this  country  acquainted 
with  the  'Entwickelungsgeschichte ' 
of  von  Baer),  distinctly  supported 
the  doctrine  of  the  '  Vestiges '  ;  and 
Darwin  himself,  who  had  studied 
the  'Vestiges'  with   evident   care 
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genetic  aspect,  which  have  since  become  familiar,  were 
very   ably   stated   by  scientific   as   well   as   by   popular 
writers.     Earlier  anticipations  of  the  genetic  view  were 
recalled,   the    historical    sketch   given  in  Lyell's  'Prin- 
ciples '  was  supplemented  by  reference  to  many  great  and 
many  forgotten  authorities,  who  in  more  or  less  distinct 
terms  had  given  expression  to  their  belief  in  a  gradual 
development  of   the   existing   forms   and  phenomena  of 
nature  out  of  simpler  beginnings,  which  they  described 
with  more  or  less  precision.     It  cannot  be  denied  that 
the  enormous  literature  which  accumulated   during  the 
ten  years  following  the  publication  of  this  book  unsettled 
the  popular  mind  in  this  country,  and  prepared  it  for 
a  really  able,  dispassionate,  and  exhaustive  exposition  of 
the  whole  subject,  and  especially  of  the  crucial  problem 
to   which   it  was  narrowed  down,  the  question  regard- 
ing the   fixity  or  variability,  the   historical   origin  and 
development  or  the  sudden  creation  and  persistence,  of 
animal  and  vegetable  species.    The  genesis  of  the  cosmos 
as  suggested  by  Laplace,  the  geological  history  of  our 
earth  as  worked  out  by  Lyell,  the  fact  of  organic  growth 
and  development  as  given  by  embryology,  seemed  clear 


(see  '  Life  of  Darwin,'  vol.  i.  p.  333), 
gave  probably  the  fairest  verdict  on 
the  book  in  the  historical  preface 
to  the  later  editions  of  his  own 
great  work,  where  he  says  :  "  The 
work,  from  its  powerful  and  bril- 
liant style,  though  displaying  in  the 
earlier  editions  little  accurate  know- 
ledge and  a  great  want  of  scientific 
caution,  immediately  had  a  very 
wide  circulation.  In  my  opinion, 
it  has  done  excellent  service  in  this 
country  in  calling  attention  to  the 
subject,  in  removing  prejudice,  and 


in  thus  preparing  the  ground  for 
the  reception  of  analogous  views  " 
('Origin  of  Species,'  6th  ed.,  1872, 
p.  xvii).  In  a  history  of  European 
thought  it  is  well  to  mention  that 
the  '  Vestiges '  had  no  influence  on 
the  Continent,  for  reasons  partially 
stated  in  the  text.  A  little  later, 
however,  a  similar  "  scandale  "  (as 
the  '  Grande  Encyclopedie '  has  it- 
art.  "  R.  Chambers  and  L.  Buchner  ) 
arose  in  Germany  on  the  publication 
of  '  Kraft  undStoff.' 
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and  plausible  enough,  but  there  remained  the  last  strong- 
hold of  the  older  view,  the  existence  of  definite  forms  of 
animal  and  vegetable  life.  Were  these  to  be  merely  classi- 
fied and  reduced  to  separate  types,  as  the  morphological 
view  was  contented  to  reduce  them,  or  was  the  growing 
evidence  of  variability  to  be  interpreted  in  favour  of  a 
crradual  development  of  the  higher  out  of  the  lower  and 
simpler  forms  of  life  ?  Above  all,  how  was  the  highest 
type  of  all,  man  himself,  to  be  regarded  in  such  a  com- 
prehensive scheme  of  development  ?  In  Germany  many  Q^Jf-^.j,^. 
great  naturalists  ^  were  quite  prepared  for  a  consistent  i^^'pSSce. 
genetic  or  developmental  view  of  nature ;  in  France  at 
that  time  the  question  was  not  agitated  at  all,  the  sug- 
gestive writings  of  Lamarck  and  St  Hilaire  having  been 


1  This  does  not  refer  to  the 
earlier  writings  of  Goethe,  Oken, 
Treviranus,  and  others,  whose 
merits,  since  the  appearance  of 
the  '  Origin  of  Species,'  have  been 
variously  estimated  by  Huxley  in 
England  and  by  Haeckel  in  Ger- 
many :  their  speculations^had,  with 
the  generalisations  of  the  'Natur- 
philosophie,"  been  swept  away  by 
the  inductive  school  represented  in 
botany  at  that  time  by  von  Mohl, 
Nageli,  and  Hof  meister  ;  in  zoology 
by  the  embryological  school  with 
von  Baer  at  its  head.  Of  W.  Hof- 
meister  (1824-1877),  whose  labours 
begin  about  ten  years  before  the 
appearance  of  Darwin's  great  work, 
Julius  Sachs  says  :  "  The  results  of 
his '  Comparative  Researches  '  (1849 
and  1851)  were  magnificent  beyond 
all  that  has  been  achieved  before  or 
since  in  the  domain  of  descriptive 
botany,  .  .  .  the  conception  of  what 
was  meant  by  the  development  of 
a  plant  was  completely  changed, 
.  .  .  the  reader  was  presented  with 

VOL.  n. 


a  picture  of  the  genetic  connection 
between  cryptogams  and  phanero- 
gams which  could  not  be  reconciled 
with  the  then  reigning  belief  in  the 
constancy  of  species.  .  .  .  When, 
eight  years  after  Hofmeister's 
'  Comparative  Researches,'  Dar- 
win's theory  of  descent  appeared, 
the  affinities  of  the  large  divisions 
of  the  plant-world  lay  so  openly,  so 
deeply  founded,  and  so  clearly  be- 
fore the  eyes  of  students  of  nature, 
that  that  theory  had  only  to  recog- 
nise what  had  been  made  evident 
in  this  line  by  genetic  morph- 
ology "  ('  Gesch.  d.  Botanik,'  p.  215, 
&c.)  In  another  direction  Nageli, 
by  his  mechanical  theory  of  "the 
growth  and  internal  structure  of 
organisms,"  which  he  reduces  to 
"  physical,  chemical,and  mechanical 
processes"  (1860),  fell  in  with  Dar- 
win's attempt  to  "  reduce  the  earlier 
purely  formal  coHsideration  of  or- 
ganic structures  to  a  causal  (genetic) 
view  "  (ibid.,  p.  373). 


If 
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entirely  overruled  by  the  authority  of  Cuvier.i  In 
England,  where  geology  and  natural  history  were  always 
popular  pursuits,  the  question  was  one  of  more  than 
scientific  interest :  it  was  one  which  had  been  appropri- 
ated by  general  literature,^  and  the  larger  bearings  of 


1  Huxley   describes  the  position 
of  France  and  Germany  to  the  doc- 
trine  of   descent  as   follows  :  "  In 
France    the    influence   of    Elie   de 
Beaumont  and  of  Floureus,  to  say 
nothing    of    the    ill-will  of  other 
powerful  members  of  the  Institute, 
produced  for  a  long  time  the  effect 
of  a  conspiracy  of  silence.    .     .     . 
Germany   took  time   to   consider  ; 
Bronn  produced  a  .  .  .  translation 
of  the  '  Origin '  .  .  . ;  but  I  do  not 
call   to   mind    that    any   scientific 
notability  declared  himself  publicly 
in  1860.     None  of  us  dreamed  that 
in  the  course  of   a   few  years  the 
strength  (and  perhaps,  I  may  add, 
the    weakness)    of   *  Darwinismus ' 
would  have  its  most  extensive  and 
most  brilliant  illustrations  in  the 
land   of   learning.     If   a   foreigner 
may  presume  to  speculate  on  the 
cause   of   this   curious   interval   of 
silence,    I   fancy   it  was   that   one 
moiety   of   the   German   biologists 
were  orthodox  at  any  price  and  the 
other  moiety  as  distinctly  hetero- 
dox.    The  latter  were  evolutionists 
a  priori  already,"  &c.  ('  Life  of  Dar- 
win,' vol.  ii.  p.  186).     The  two  men 
abroad   to   whose   opinion  English 
biologists  of  that  day  would  prob- 
ably attach  the  greatest  value  were 
Karl   Ernst   von  Baer  and  Milne- 
Edwards.     The   former  "  wrote  to 
Huxley  in  August  1860,  expressing 
his  general   assent   to   evolutionist 
views"  [loc.  cit.,  p.  186,  note).     It 
was  von  Baer  from  whom  Huxley 
admits  to  Leuckart  that  he  learnt 
the  "  value  of  development  as  the 
criterion   of  morphological   views  " 
('  Life  of  Huxley,' vol.  i.  p.  163).  Von 
Baer  later  on  qualified  his   adher- 


ence, admitting  development  only 
within  the  regions  of  the  different 
types  which  he  had  established  (see 
the  second  volume  of  his  collected 
papers).    The  opinions  of  the  great 
contemporary     French     zoologist, 
Henri  Milne-Edwards  (1800-1885), 
are  fully  given  in  the  last  chapter 
of  his  very  interesting  '  Rai)port  sur 
les    progres    recent s    des   Sciences 
zoologiques    en     France'     (1867), 
where  he  also  refers  to  the  writings 
of  Isidore  Geoffroy    Saint-Hilaire, 
who  in  France  continued  to  some 
extent   the   line   of    research    and 
reasoning  which,  through  his  father, 
Etienne    Geoffroy,    and    Lamarck, 
dates  back  to  Buffon,  Bonnet,  and 
other   philosophical  naturalists,  of 
whom,  under  the  name  of  "  Trau^«- 
formistes,"  M.  Edmond  Perier  has 
given  a  connected  account  in  his 
very  valuable  historical  work,  '  La 
Philosophie   zoologique  avant  Dar- 
win'   (1884).     Milne-Edwards    re- 
mained to  the  end  unconvinced  by 
the  arguments  of  Darwin.    He  had 
already  in  1853  set  forth  his  ideas 
referring  to  the  general  problems 
of  zoology,  and  he  repeated  them  in 
1867  {loc.  cit,  p.  432  sfjq.)     It  is, 
however,  well    to   note    that  ever 
since  1827  {loc.   cit.,  p.  453,  note) 
he  had  contributed  largely  to  the 
I  furtherance  of  the  genetic  view  by 
I  his  principle  that  progress  in  nature 
I   depends  on  division  of  labour.     In 
I  his   subsequent  writings  he  dwells 
I   with  much  success  on  this  principle 
of   the    "division  of   physiological 
labour."     (See  Spencer,  '  Biology.' 
vol.  i.  p.  160.) 

^  About  ten  years  after  the  con- 
troversy about  the  *  Vestiges '  had 


which  had  been  fully  demonstrated  to  the  educated  and 
reading  public.  There  has  always  existed  in  this  country 
a  class  of  literature  which  is  almost  entirely  wanting,  or 
has  died  out,  on  the  Continent.  The  value  of  this  class 
of  literature  has  been  differently  gauged,  but  it  never- 


filled  the  columns  of  the  foremost 
British  periodicals,  we  find  in 
Germany  a  similar  agitation  origin- 
ating through  the  publication  of 
several  works  which  have  since 
been  generally  considered  as  the 
purest  expression  of  Materialism. 
The  controversy  begins  in  1852 
with  the  publication  of  Rudolf 
Wagner's  '  Physiological  Letters,' 
Moleschott's  '  Kreislauf  des  Le- 
bens,'  and  Carl  Vogt's  'Bilder  aus 
deni  Thierleben ' ;  it  came  to  its 
height  after  the  appearance  (in 
1855)  of  L.  Biichner's  '  Kraft  und 
Stoff,'  and  occupied  the  meeting  of 
.scientific  and  medical  men  which 
was  held  in  Gottingen  in  1854. 
The  subject  belongs  essentially  to 
the  history  of  philosophical  thought, 
and  can  be  studied  in  the  very  fair 
and  exhaustive  '  History  of  Materi- 
alism '  written  by  F.  A.  Lange,  with 
a  distinctly  idealistic  tendency 
(English  translation,  three  vols.,  by 
Thomas,  1880).  I  mention  the  sub- 
ject in  this  connection,  because  in 
Germany  and  England  attempts 
were  made  about  the  same  time  to 
found  a  general  philosophy  of  life 
upon  the  teachings  of  science.  This 
had  been  done  about  two  generations 
earlier  in  France  by  the  "Sensu- 
alistes  "  and  the  "  Ideologues. "  For 
a  French  public  neither  the  English 
nor  the  German  controversy  pre- 
sented any  essentially  new  feature, 
or  disclosed  any  novel  argument. 
The  older  orthodox  conceptions  had 
been  abandoned  very  largely  in 
France  in  the  eighteenth  century, 
and  at  once  replaced  by  concep- 
tions derived  from  science.  In 
Germany  a  similar  movement  took 


place,  likewise  during  the  eight- 
eenth century ;  but,  instead-  of 
exact  science,  it  was  the  prevailing 
idealistic  philosophy  which  was 
appealed  to  for  the  purpose  of 
gaining  new  foundations,  and 
science  only  came  in  when  the 
speculative  restoration  was  gener- 
ally considered  to  have  failed.  In 
England,  which  had  really  supplied 
the  beginnings  both  for  the  French 
sensualistic  philosophy  through 
Locke,  and  for  German  criticism 
through  Locke  and  Hume,  the 
older  orthodox  foundations  were 
not  materially  shaken  before  the 
middle  of  the  nineteenth  cen- 
tury. The  author  of  the  '  Ves- 
tiges '  distinctly  appeals  to  science, 
though  in  a  religious  spirit,  de- 
siring to  make  it  helpful  for  a 
general  philosophical,  and  not 
merely  an  industrial,  purpose. 
Again,  the  English  movement, 
which  reallj'  culminated  in  Herbert 
Spencer,  differs  from  the  German, 
being  more  influenced  by  biological 
conceptions,  whereas  in  Germany 
the  extreme  system  of  Biichner 
took  purely  mechanical,  though 
ill-defined,  ideas — force  and  matter 
— as  the  shibboleth.  It  is  signif-  \ 
icant,  as  showing  the  great  general 
importance  of  Darwinism,  that 
through  it  both  the  controversy 
over  the  'Vestiges'  in  England 
and  that  over  '  Materialismus '  in 
Germany  were  soon  cast  into 
oblivion,  though  they  had  both  to 
some  extent  prepared  the  way  (see 
Lange,  *  Gesch.  des  Mat.,'  p.  570, 
Ausg.  1867;  and  Haeckel,  'Schop- 
fungsgeschichte,'  vol.  i.  p.  98,  9 
Aufl.) 
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theless  forms  an  important  feature  in  the  development  of 
English  thought,  if  not  also  of  English  science.     It  is 
27.        the  apologetic  literature,  those  works  which  deal  with 
Ht^rature'in  what  havc  been  termed  the  "  Evidences."     In  the  absence 
Engian  .      ^^  ^^^  scientific  theology  based  upon  accurate  historical 
research  and  philosophical  criticism,  such  as  has  existed 
with  many  good  and  some  evil  results  since  the  end  of 
the  eighteenth  century  in  Germany,  the  need  was  felt 
for  defending  or  interpreting  those  answers  to  the  great 
problems  of  Nature,  Man,  and  Life,  which  seemed  bound 
up  with  the  Christian  belief,  or  suggested  by  the  sacred 
writincrs.      The  teaching  of  science  had  not  become,  as  in 
France,  a  purely  secular  occupation ;  instruction  was  not 
separated  from  education  ;   apologetics  had  not  become 
doubtful  through  the  bad  faith  and  duplicities  of  cynics 
like  Voltaire,  nor  ridiculous  through  the   puerihties  of 
shallow   writers   such   as   Campe   in   Germany.      Many 
serious    minds    were    occupied    with    the    growing    dis- 
crepancies between  scientific  and  popular  religious  teach- 
ing, and  believing  they  could  discern  the  drift  of   the 
former,    they    made    various     more    or    less     successful 
attempts  to  effect  a  reconciliation  between  the  moving 
and  developing  conceptions  of  scientific  thought  and  the 
fixed  and  unalterable   ideals   of   religious   belief.     Such 
attempts  must  be  doomed   to  failure,  or  at   best   they 
offer    an    individual     solution,    interesting    only    if    it 
happens  to  be  the  inspiration  of  a  poet  or  if  it  repre- 
sents the  creed  of  one   of   the   few  great   and   soaring 
intellects   which   appear   once   or    twice    in    a    century. 
The  conviction  is  gradually  gaining  ground  that  scientific 
and  religious  thought  emanate  from  two  separate  centres, 


that  although  they  inevitably  come  into  frequent  con- 
tact, the  study  of  their  independent  origin  and  history 
and  their  different  psychological  method  is  more  valuable 
than  a  temporary  and  merely  ephemeral  Qompromise  of 
their  respective  doctrines.  Happily  this  country  has 
produced  many  great  and  a  few  thinkers  of  the  first 
order,  in  whom  the  greatest  that  scientific  thought 
has  achieved  was  in  harmony  with  a  truly  religious 
spirit.  In  contemplating  these  illustrious  examples, 
and  bowing  before  their  greatness,  the  popular  mind 
will  probably  find  its  conviction  of  the  possibility  of 
an  ultimate  reconciliation  of  both  aspects  more  strength- 
ened than  by  leaning  on  the  doubtful  support  of  a 
voluminous  apologetic  literature,  which  proposes  to  give  j 
general  proofs  where  only  individual  faith  can  decide. 
I  deemed  it  appropriate  to  offer  these  few  remarks 
on  the  whole  of  the  voluminous  literature  ^  from  Butler 


I 


^  The  largest  and  best  known 
type  of  publication  in  this  class  of 
literature,  which  is  practically  un- 
known on  the  Continent,  but  which 
belongs  to  our  period,  is  found  in 
the  Bridgewater  Treatises  ' '  On  the 
Power,  Wisdom,  and  Goodness  of 
God,  as  manifested  in  the  Creation." 
The  circumstances  under  which 
this  series  was  published  are  set 
forth  in  the  preliminary  notice  to 
the  first  treatise.  The  Earl  of 
Bridgewater,  heir  to  the  title  and 
fortune  of  Francis  Egerton,  third 
Earl  of  Bridgewater,  who  con- 
structed from  the  plans  of  James 
Brindley,  and  in  accordance  with  the 
idea  of  his  father,  Lord  Chancellor 
Egertou,  the  first  of  the  large  canals 
in  England,  from  his  coal  mines  at 
Worsley  to  Manchester  and  Liver- 
pool, left  in  his  will  to  the  Royal 
Society  the  sum  of  £8000,  which, 


with  its  accruing  interest,  was  to 
be  paid  to  the  person  or  persons 
selected  by  the  President  and  ap- 
pointed to  write  and  publish  one 
thousand  copies  of  a  work  with  the 
above  title,  —  "  illustrating  such 
work  by  all  reasonable  arguments, 
as,  for  instance,  the  variety  and 
formation  of  God's  creatures  in 
the  animal,  vegetable,  and  mineral 
kingdoms ;  the  effect  of  digestion, 
and  thereby  of  conversion ;  the 
construction  of  the  hand  of  man, 
and  an  infinite  variety  of  other 
arguments  ;  as  also  by  discoveries, 
ancient  and  modern,  in  arts,  sciences, 
and  the  whole  extent  of  literature." 
The  series  contained  works  by  such 
foremost  men  of  science  as  Sir 
Charles  Bell,  William  Whewell, 
William  Prout,  and  William  Buck- 
land. 
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28. 
Mansel  and 
£^win. 


to  Drummond  whilst  I  was  dealing  with  the  '  Vestiges,' 
because  the  latter  is  probably  the  last  example  of  that 
class  of  books  in  which  purely  scientific  thinkers  took 
any  great  interest.  Similar  publications  which  have 
since  appeared  have  made  no  impression  on  the  course 
of  scientific  thought,  though  they  may  have  won  a 
place  in  the  popular  literature  of  their  day.  To  bring 
about  that  complete  separation  and  independence  of 
the  scientific  and  the  religious  arguments  in  this  country 
which  has  been  recognised  during  the  whole  of  the 
nineteenth  century  on  the  Continent,  two  books  have 
probably  contributed  more  than  any  others :  Dean 
^Mansel's  Lectures,^  '  On  the  Limits  of  Eeligious  Thought,' 
through  its  unanswerable  logic :  and  Darwin's  '  Origin  of 
Species,'  through  treating  fearlessly  a  scientific  argu- 
ment which  was  based  upon  observation  and  expanded 
by  legitimate  inference  without  any  reference  to  the 
ulterior  consequences  which  might  be  drawn  from  it. 
It  required  some  courage  to  attack  a  problem  beset 
with  such  difficulties  and  which  had  become  hackneyed 


^  It  is  a  remarkable  coincidence, 
showing  the  general  tendencies  of 
English  thought  about  the  middle 
of  the  century,  that  Dean  Mansel's 
"  Bampton  Lectures "  appeared 
just  a  year  before  the  '  Origin  of 
Species.'  The  argument  of  the 
Lectures  "  On  the  Limits  of  Re- 
ligious Thought"  was  that  which 
was  elaborated  by  Sir  William 
Hamilton  on  the  lines  of  Kant's 
'  Critique  of  Pure  Reason '  in  his 
celebrated  article  in  the  '  Edinburgh 
Review '  on  the  "  Philosophy  of  the 
Unconditioned."  A  further  ap- 
preciation of  this  line  of  reasoning, 
which  had  its  beginning  in  Hume's 
sceptical  writings  a  hundred  years 


previously,  belong  to  a  different 
section  of  this  '  History.'  We  shall 
there  see  that  in  the  negative  por- 
tion of  this  analysis  lie  also  the 
germs  of  the  ideas  put  forward  by 
Herbert  Spencer  and  Huxley  under 
the  well  -  known  terms  of  the 
"  Unknowable  "  and  "Agnosticism,"' 
and  there  is  no  doubt  that  both 
Hamilton  and  Mansel  had  a  con- 
siderable influence  in  forming 
Huxley's  attitude  in  this  respect. 
He  says,  in  1863  ('Life,' vol.  i.  p. 
242):  "I  believe  in  Hamilton, 
Mansel,  and  Herbert  Spencer  so 
long  as  they  are  destructive,  and 
I  laugh  at  their  beards  as  soon  as 
they  try  to  spin  their  own  cobwebs." 


through  periodical  and  popular  literature.  Others  who, 
before  Darwin,  treated  similar  controversial  subjects,  such 
as  Whewell,  Babbage,  Herschel,  Lyell,  Baden  Powell, 
and  the  author  of  the  '  Vestiges,'  had  always  taken 
into  account  the  possible  inferences  which  might  be 
drawn  from  their  scientific  statements,  and  had  often- 
times toned  them  down  so  as  not  to  offend  existing 
opinions.^  Darwin  thought  it  more  modest  and  more 
becoming  for  an  independent  scientific  thinker  to  state 
his  side  of  the  question  completely  and  simply,  without 
presuming  to  attack  or  to  support  a  view  of  things 
which  lay  outside  of  the  dominion  and  the  powers  of 
science.  And  this  is  not  the  least  of  the  many  reasons 
why   his    work    has   created  an   era,  especially   in  this 


^  The  position  adopted  by  several 
of  the  eminent  forerunners  of  Dar- 
win is  interestingly  analysed  by 
Huxley  in  the  chapter  on  the  "  Re- 
ception of  the  '  Origin  of  Species  ' " 
contributed  to  the  second  volume 
of  the  '  Life  and  Letters  of  Charles 
Darwin.'  Of  Lyell,  who  had  come 
nearest  to  the  doctrine  of  unbroken 
descent  of  species,  Huxley  says 
(vol.  ii.  p.  193)  :  *'  I  see  no  reason 
to  doubt  that  if  Sir  Charles  Lyell 
could  have  avoided  the  inevitable 
corollary  of  the  pithecoid  origin  of 
man — for  which  to  the  end  of  his 
life  he  entertained  a  profound 
antipathy  —  he  would  have  advo- 
cated the  efficiency  of  causes  now 
in  operation  to  bring  about  the 
condition  of  the  organic  world,  as 
stoutly  as  he  championed  that 
doctrine  in  reference  to  inorganic 
nature."  And  Lyell,  himself  wrote 
to  Darwin  in  1863  ('  Life  of  Lyell,' 
vol.  ii.  p.  365)  :  "  I  remember  that 
it  was  the  conclusion  he  [Lamarck] 
came  to  about  man  that  fortified 
me  thirty  years  ago  against  the 
great  impression  which   his  argu- 


ments at  first  made  on  my  mind." 
Treviranus,  the  author  of  the 
'Biologie,'  the  contemporary  of 
Lamarck,  was  quite  consistent  in 
his  views  of  descent  and  mutabil- 
ity, for  he  declares  against  catas- 
trophism,  believes  in  the  evolution 
of  higher  species  from  the  zoophytes, 
and  even  in  that  of  a  higher  species 
than  man  (see  *  Biologie,'  vol.  ii. 
p.  22.5,  &c.)  Neither  in  Germany 
nor  in  France,  at  the  beginning  of 
the  century,  did  those  prejudices 
exist  which  in  1859  prevented  even 
Darwin  from  developing  to  the  full 
the  consequences  of  his  main  thesis. 
This  was  done  in  his  later  works. 
See  his  letter  to  A.  R.  Wallace, 
22nd  Dec.  1857  ('Life,'  vol.  ii.  p. 
109)  :  "You  ask  whether  I  shall 
discuss  '  man. '  I  think  I  shall 
avoid  the  whole  subject,  as  so  sur- 
rounded with  prejudices  ;  though 
I  fully  admit  that  it  is  the  highest 
and  most  interesting  problem  for 
the  naturalist.  My  work,  on  which 
I  have  now  been  at  work  more  or 
less  for  twenty  years,  will  not  fix 
or  settle  anything." 
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country,  not  only  in  the  region  of  scientific,  but  quite 
as  much  in  that  of  philosophical,  thought. 
29  So  far  as  the  purely  scientific  aspect  is  concerned,  the 

SlTe^et^^  'Origin   of    Species'  firmly    established  the   genetic  or 
developmental  in  the  place  of  the  morphological  view,  or 
the  earlier  purely  systematic  and  classificatory  treatment 
of  the  objects  and  processes  of  nature  ;  and  it  is  interest- 
ing to  note  how  the  period  from  the  publication  of  the 
'  Vestiges '  to  that  of  the  '  Origin  of  Species,'  the  fifteen 
years  from   1844  to   1859,  was  also  the  period  during 
which  Humboldt  published  his   '  Kosmos  ' — the  resum4 
of  the  labours  of  a  lifetime.     This  was  the  consumma- 
tion of  that  aspect  of  nature  which  I  have  termed  tlie 
purely  morphological  one,  and  which  in  his  mind  was 
expanded  to  the  panoramic  view :  the  attempt  to  unroll 
before  his  readers  a  picture  or  panorama  of  the  whole 
world  as  the  scientific   mind  was   then   able  to  see  it. 
Nature  appeared  mapped  out  in  bold  and  characteristic 
lines  and  colours,  without  allowing  the  questions  of  past 
history  or   future   development,  —  the   origin,   life,  and 
fate  of  the  cosmos, — to  present  itself  at  all.     The  fact 
that  this   latter   question   was   professedly  excluded  as 
foreign,  or  premature,  is  probably  the  reason  why  the 
book  attracted  so  little  attention  in  this  country,  where 
a  new  manner  of  treating  all  the  problems  of  natural 
science  was  being  inaugurated ;   but  it  is  interesting  to 
learn  from  Darwin  that  his  whole  life  was  influenced^ 


1  See  •  Life  and  Letters  of  Charles 
Darwin,'  vol.  i.  p.  25  :  "  During  my 
last  year  at  Cambridge  I  read  with 
care  and  profound  interest  Hum- 
boldt's '  Personal  Narrative. '  This 
work,  and  Sir  J.  Herschel's  *  Intro- 


duction to  the  Study  of  Natural 
Philosophy,'  stirred  up  in  me  a 
burning  zeal  to  add  even  the  most 
humble  contribution  to  the  noble 
structure  of  natural  science.  No 
one  or  a  dozen  other  books  influ- 


and  his    studies    directed    by    reading    and    re-reading 
Humboldt's    '  Personal    Narrative. '     The   '  Kosmos  '    of  „    so 

Humboldt  8 

Humboldt  closed  the  older,  the  '  Origin  of  Species  '  If^l^^^ ' 
of  Darwin  opened  the  new,  epoch  of  natural  science:  spS.*'^ 
the  former  was  retrospective,  the  latter  prospective. 
Both  works  owe  their  origin  to  a  visit  to  the  same 
portion  of  the  globe,  to  a  study  of  the  subtropical  scenery 
and  life  of  South  America  —  Humboldt  having  visited 
the  inland,  Darwin  specially  the  maritime  and  island 
scenery.^     It   is   further   of    interest   to   note  how  the 


enced  me  nearly  so  much  as  these 
two.  I  copied  out  from  Humboldt 
long  passages  about  Teneriffe,"  &c. 
Also  vol.  i.  p.  337 :  "  I  never 
forget  that  my  whole  course  of  life 
is  due  to  having  read  and  re-read 
as  a  youth  Humboldt's  'Personal 
Narrative.'  " 

^  Besides  Darwin  and  Lyell,  to 
whom,  of  British  naturalists  as  rep- 
resenting the  genetic  view  in  the 
middle  of  the  century,  I  have  so 
far  confined  my  remarks,  there  were 
at  that  time  two  other  eminent  men 
working  in  the  same  direction.  The 
views  of  these  two  were  likewise 
much  influenced  by  travel  and  by 
the  study  of  plant  and  animal  life 
in  distant  countries.  I  refer  to  Sir 
J.  D.  Hooker  and  Mr  A.  Russel 
Wallace.  The  important  part  which 
these  men  played  in  the  gradual 
conception  and  birth  of  the  ideas 
which  were  for  the  first  time  com- 
prehensively set  forth  in  the '  Origin 
of  Species'  is  lucidly  and  imparti- 
ally told  by  Huxley  in  the  well- 
known  chapter  which  he  con- 
tributed to  the  second  volume  of 
the  '  Life  and  Letters  of  Charles 
Darwin, 'edited  by  his  son,  Professor 
Francis  Darwin,  in  1887.  Few 
episodes  in  the  history  of  thought 
have  been  treated  with  greater 
mastery.      Few      botanists      have 


possessed  a  greater  personal  know- 
ledge of  different  and  greatly  vary- 
ing floras  than  Sir  J.  D.  Hooker, 
who  succeeded  to  the  position  and 
labours  of  his  father,  Sir  W.  J. 
Hooker,  at  Kew.  After  having 
accompanied  Captain  Ross  on  his 
Antarctic  expedition  for  the  dis- 
covery of  the  South  magnetic  pole, 
he  became  best  known  by  his 
'Himalayan  Journal'  (1854).  It 
was  in  constant  correspondence 
and  intercourse  with  Hooker  that 
Darwin,  from  1844  to  1859,  wrote 
his  first  great  work.  The  important 
original  contributions  of  Mr  Wal- 
lace are  well  known,  and  the  story 
how  his  paper,  "  On  the  Tendency 
of  Varieties  to  depart  indefinitely 
from  the  Original  Type,"  reached 
Darwin  when  he  had  got  half 
through  the  larger  work  which  he 
was  then  writing,  how  this  coinci- 
dence hastened  the  publication  of 
the  two  papers  by  Wallace  and 
Darwin,  which  "contained  exactly 
the  same  theory,"  in  the  '  Journal 
of  the  Linnaean  Society '  (Zoology, 
vol.  iii.  p.  45),  has  been  told  by 
Lyell  and  Hooker  (ibid.,  letter  to 
the  secretary),  and  by  Darwin  him- 
self (Autobiography,  in  'Life,'  &c., 
vol.  i.  p.  84).  No  mystery  lies 
upon  the  history  of  the  first  enun- 
ciation of  the   doctrine  of  natural 
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same  year  which  witnessed  the  appearance  of  the  work 
of  Darwin  was  also  that  of  the  invention  of  Spectrum 
Analysis,  that   great    instrument    by  which    astronomy, 
doomed   by  the  purely  mathematical   treatment  to  be- 
come simply  "  une  question   d'analyse,"  was  once  more 
enrolled  among  the  natural  sciences;  the  means  being 
supplied  for  that  natural  history  of  the  heavens  which  is 
now  one  of  the  most  progressive  and  fascinating  branches 
of  science.     The  reader  who  has  realised  from  the  fore- 
going exposition  how   the  genetic  view  of    nature  was 
anticipated    by    earlier  writers   on    cosmology,  such   as 
Leibniz  and  Laplace,  how  it  obtained  in  geology  through 
Hutton  and  Lyell,  how  it  became  dominant  in  embryo- 
logy  through    von    Baer,    and    how    the    morphological 
treatment   broke   dpwn   through   the    recognition  of  the 
variability  of  species  and  the  impossibility  of    defining 
clearly  the  landmarks  of  zoological  and  botanical  classi- 
fication,  will   readily    understand    the    importance    and 
timeliness^  of  Darwin's    work,   which  proposed  to  deal 

fore  them,  and  Mr  Wallace  has 
taken  special  pains  to  explain  why 
a  doctrine  which  was  so  well  pre- 
pared, and  even  anticipated,  had 
not  been  more  distinctly  accepted 
before  the  appearance  of  the  '  Origin 
of  Species'  ("  Darwinism,"  chap,  i.) : 
"  Notwithstanding  the  vast  know- 
ledge and  ingenious  reasoning  of 
Lamarck,  and  the  more  general 
exposition  of  the  subject  by  the 
author  of  the  '  Vestiges  of  Creation,' 
the  first  step  had  not  been  taken 
towards  a  satisfactory  explanation 
of  the  derivation  of  any  one  species 
from  any  other.  Such  eminent 
naturalists  as  Geoffroy  St  Hilaire, 
Dean  Herbert,  Professor  Grant, 
von  Buch,  and  some  others,  had 
expressed  their  belief  that  species 


selection,  no  national  or  personal 
jealousies  obscure  the  issues  which 
were  then  at  stake  ;  neither  of  the 
two  great  naturalists  has  ever  put 
forward  any  complaint  that  the 
other  has  not  fairly  and  generously 
dealt  with  his  own  merit.  Since 
the  death  of  Darwin  Mr  Wallace 
has  written  the  well-known  book 
which,  under  the  title  of  '  Darwin- 
ism '  (London,  1889),  gave  to  many 
readers  the  first  comprehensive 
account  of  the  celebrated  theory 
which  is  generously  identified  with 
the  sole  name  of  only  one  of  its 
original  propounders. 

1  Both  propounders  of  the  theory 
of  natural  selection  have  in  their 
subsequent  writings  referred  to 
those  who   prepared   the   way  be- 


specially  with  the  actual  fact  and  the  function  of  varia- 
tion in  the  domain  of  living  beings'.  He  pushed  the 
problem  of  variation  and  variability  into  the  foreground, 
and  discussed  one  of  its  main  features — viz.,  its  possible 
effect  and  results.  Since  his  time  the  eye  of  every 
botanist,  every  zoologist,  and  every  embryologist  has 
been  directed  towards  the  variability,  transition,  and 
genesis  of  forms,  to  their  history  rather  than  to  their 
portraiture,  whereas  before  him  it  was  mostly  attracted 
by  their  seeming  fixity  and  recurrence.  Variations  have 
been  studied  on  the  large  and  on  the  minute  scale  in 
o-eoloo-ical  strata  at  home  and  abroad,  and  the  vexed 
question  has  been  raised  as  to  their  causes  and  laws, — 
Darwin  having  been  mainly  occupied  with  their  existence 
and  operation,  the  results  which  they  brought  about,  the 
gradual  alterations  of  the  forms  of  living  things.  On 
this  side  he  tells  us  that  he  found  an  important  clue 
through  reading  a  book  which  had  appeared  at  the  very 
end  of  the  eighteenth  century,  Malthus's  '  Essay  on  the 
Principle  of  Population.'  ^ 


81. 
' '  Varia- 
tion." 


arose  as  simple  varieties,  and  that 
the  species  of  each  genus  were  all 
descended  from  a  common  ancestor  ; 
but  none  of  them  gave  a  clue  as  to 
the  law  or  the  method  by  which 
the  change  had  been  effected.  This 
was  still  '  the  great  mystery  '  "  (p. 
6).  "  Darwin,  by  his  discovery  of 
the  law  of  natural  selection  and  his 
demonstration  of  the  great  principle 
of  the  preservation  of  useful  varia- 
tions in  the  struggle  for  life,  has 
not  only  thrown  a  flood  of  light  on 
the  process  of  development  of  the 
whole  organic  world,  but  also  estab- 
lished a  firm  foundation  for  all 
future  study  of  nature"  (p.  9). 
^  This    essay    appeared    first   in 


1798,  and  in  the  enlarged  and  much 
improved  form  in  which  it  is  now 
known  in  1803.  Darwin  seems  to 
have  come  upon  it  accidentally.  In 
his  Autobiography  ('Life,'  vol.  i. 
p.  83)  he  writes  :  "In  October  1838 
— that  is,  fifteen  months  after  I  had 
begun  my  systematic  inquiry — I 
happened  to  read  for  amusement 
'  Malthus  on  Population,'  and  being 
well  prepared  to  appreciate  the 
struggle  for  existence  which  every- 
where goes  on,  from  long-continued 
observation  of  the  habits  of  animals 
and  plants,  it  at  once  struck  me 
that  under  these  circumstances 
favourable  variations  would  tend 
to  be  preserved,  and  unfavourable 
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.12. 

Malthus. 


The  ideas  and  reflections  contained  in  this  celebrated 
essay,  which  has  played  a  prominent  part  in  the  philo- 
sophical literature  of  economics,  could  not  have  occurred 
to  any  one  who  had  studied  human  society  or  nature 
merely  in  individual   specimens   or  isolated   cases;  for 
they  referred  not  so  much  to  the  natural  history  of  a 
single  being,  as  to  the  peculiar  relations  and  complica- 
tions which  arise  in  a  community  or  society  of  beings, 
some  of  these  being  applicable  quite  as  much  to  animal 
and  plant  life  as  to  the  life  of  men.     In  fact,  it  was  a 
chapter  in  the  science  of  bionomics.     Malthus,  Darwin, 
and  Wallace  were  not  "  laboratory  naturalists,  to  whom 
the  peculiarities  and  distinction  of  species,  as  such,  their 
distribution  and  their  affinities,  have  little  interest  as 
compared  with  the  problems  of  histology  and  embryo- 
logy, of  physiology  and  morphology."  ^     The  problem  of 
population,    whether  it  refers   to   man  or    other   living 
creatures,  is  one  that  will  force  itself  upon  those  who 
study  nature  and  mankind  on  the  large,  on  the  outdoor, 
scale,  not  as  does  the  collector  or  dissector  of  specimens. 
How  has  the  face  of  the  earth  been  peopled  by  plants, 
animals,  and  human  beings  ?     What  are  the  forces  which 


ones  to  be  destroyed.  The  result 
of  this  would  be  the  formation  of 
new  species.  Here,  then,  I  had 
at  last  got  a  theory  by  which  to 
work,"  &c.  Prof.  Haeckel,  in  his 
'History  of  Creation,'  has  dwelt 
exhaustively  on  this  connection  of 
Darwin  with  Malthus,  quoting  a 
letter  of  Darwin's  to  him,  dated  8th 
October  1864,  in  which  he  says  that 
for  years  he  could  not  comprehend 
how  any  form  should  be  so  emi- 
nently adapted  to  its  special  con- 
ditions of  life,  but  that  when 
through    good    fortune    Malthus's 


book  on  Population  came  into  his 
hands,  the  idea  of  natural  selection 
came  into  his  mind  (' SchupfuDgs- 
gesch.,'  chap,  vi.)  In  the  first 
paper  which  Darwin  published  in 
the  'Journal  of  the  Linnwan 
Society'  ("Letter  to  Asa  Gray," 
vol.  iii.  p.  51),  he  uses  the  term 
"Natural  Selection,"  and  refers  in 
the  abstract  which  he  there  giye.s 
to  Malthus  ;  whereas  Wallace  (ibid, 
p.  56)introduces  the  term  "Struggl'' 
for  Existence." 

^  Quoted    from    Wallace,    'Dar- 
winism,' preface,  p.  vi. 


ensure  the  multiplication,  what  are  those  which  check 
the  increase,  of  population  ?  As  all  living  things  are 
dependent  on  each  other,  forming  the  great  household  or 
economy  of  nature  or  the  smaller  one  of  human  society, 
a  certain  adjustment  must  exist  by  which  a  definite  place 
and  part  are  allotted  to  every  individual  and  to  every 
class  of  individuals.  Malthus  had  studied  the  problem 
from  a  political  point  of  view.  Here  it  was  felt  to  be 
of  human  and  social  importance,  but  his  principle  was 
apphcable  to  all  living  creatures.  For  everywhere,  even 
in  the  remotest  and  only  recently  discovered  countries, 
we  see  at  work  the  luxuriant  and  productive  powers  of 
nature  on  the  one  side,  on  the  other  side  the  many 
difficulties  and  obstacles  by  which  they  are  forcibly  and 
automatically  kept  in  check,  resulting  in  the  ever-recur- 
ring spectacle  of  a  "  struggle  for  existence."  The  more  ^^  33. 
we  penetrate  into  the  hidden  and  remoter  provinces  of  for  exist- 
nature,  into  the  luxuriant  "  fauna  and  flora  "  of  tropical 
regions,  or  realise  the  enormous  population  among  the 
lower  forms  of  life,  the  more  the  conviction  forces  itself 
upon  us  that  the  apparent  equilibrium  is  only  maintained 
by  the  phenomenon  of  "  crowding  out "  on  a  scale  com- 
pared with  which  the  spectacle  unfolded  by  Malthus  in 
his  special  application  to  human  societies  is  quite  a  minia- 
ture display.  This  process  of  "  crowding  out "  must  have 
been  at  work  during  the  untold  ages  which  modern 
geology  has  made  known  to  us,  and  the  etfects  of  it 
must  indeed  have  been  extraordinary,  and  well  worthy 
of  study.  That  living  beings,  if  left  to  their  natural 
instincts,  multiply  at  an  enormous  rate,  and  would, 
except  for  certain  automatic  checks,  in  a  very  short  time 
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34. 

Outdoor 
studies. 


people  the   whole  habitable   portion  of   the  globe,  is  a 
fact  which  has  only  been  realised  since  Malthus,  and, 
on  a  much  larger  and  more  general  scale,  Darwin  and 
Wallace    have    drawn    attention    to    it.^        This    being 
generally  admitted,  the  questions  arise :    What  are  these 
Automatic   checks,   and  what   results  do  they  produce? 
It  is  evidently  quite  a  new  line  of  reasoning,  unknown 
to  former  naturalists,  or  only  sporadically  and  fragment- 
arily  pursued  by   them;    but   it  introduces  us  at  once 
into  nature  itself,  away  from   the   class-room   and   the 
museum,  where  we  hear  of  the  forces  and  laws  of  nature 
in  their  abstract  mathematical  development,  or  where  we 
behold  specimens  arranged  peacefully  and  lifelessly  side  by 
side.     We  are  face  to  face  with  the  fierce  and  continuous 
conflict  which  is  unceasingly  going  on  around   us,  and 
realise  the  endless  changes  which  it  must  be  producing. 

Among  the  many  influences  which  the  Darwinian 
view  has  had  in  opposite  directions  on  the  thought  of 
our  age,  none  is  greater  or  more  fundamental  than 
this,  that   whereas   before   Darwin    naturalists    stepped 


1  On  the  publication  of  the 
'Origin  of  Species,'  Darwin  re- 
ceived many  letters  pointing  out 
earlier  anticipations  of  his  views. 
The  more  important  of  these — bear- 
ing upon  descent  and  change — have 
been  referred  to  in  the  present 
chapter.  The  special  principle  of 
natural  selection  seems  to  have 
been  already  foreseen  by  Dr  Wells 
in  1813,  and  pubhshed  in  his 
famous  '  Two  Essays  upon  Dew  and 
Single  Vision'  in  1818.  "In  this 
paper  he  distinctly  recognises  the 
principle  of  natural  selection,  and 
this  is  the  first  recognition  which 
has   been  indicated"    ('Origin   of 


Species,'  historical  sketch  to  later 
editions).  Another  anticipation  was 
that  of  Patrick  Matthew  in  1831,  in 
his  work  on  '  Naval  Timber  and 
Arboriculture.'  "  Unfortunately 
the  view  was  given  very  briefly  in 
scattered  passages  in  an  appendix 
to  a  work  on  a  different  subject,  so 
that  it  remained  unnoticed  until 
Mr  Matthew  himself  drew  atten- 
tion to  it  in  the  'Gardeners' 
Chronicle'  on  April  7,  I860.  .  .  • 
He  clearly  saw  the  full  force  of  the 
principle  of  natural  selection  ' 
{loc.  cit,  p.  xvi).  Neither  of 
these  writings  was  known  to 
Darwin  in  1859. 


out  of  doors  only  from  curiosity,  and  in  search  of  new 
specimens,  prompted  by  the  love  of  travel  and  adven- 
ture, or  as  companions  to  commercial  and  colonising  ex- 
peditions, they  are  now  forced  to  do  so,  because  one  of 
the  greatest  agencies  in  nature — "  the  struggle  for  ex- 
istence " — can  only  be  studied  in  nature  herself.  Before 
Darwin  the  study  of  nature  was  artificial;  through  his 
influence  it  has  become  natural.  From  the  point  of 
view  of  the  history  of  thought,  this  is  surely  a  much 
greater  result  than  any  of  the  several  theories  or  special 
arguments  which  are  connected  with  his  name.  These 
are  indeed  numerous,  each  making,  as  it  were,  a  dis- 
tinctly new  departure  in  scientific  reasoning,  character- 
ised by  that  unmistakable  sign^  of  all  that  is  really 
novel  in  the  realm  of  thought,  the  creation  of  a  new 
vocabulary  of  distinct  terms  and  phrases.  Varieties 
were  known  to  botanists  before  Darwin,  but  who  studied 
"  variation  "  and  "  variability  "  ?  or  who  spoke  of  the 
"  divergence  of  character "  ?  Breeders  of  stock  and 
pigeon-fanciers  knew  what  "  selection  "  meant,  but  the 


^^  The  late  Hewett  Cottrell 
Watson,  author  of  the  '  Cybele 
Britannica' — one  of  a  most  valuable 
series  of  works  on  the  topography 
and  geographical  distribution  of 
the  plants  of  the  British  Islands — 
wrote  to  Darwin  shortly  after  the 
publication  of  the  '  Origin  of 
Species,'  21st  November  1859 : 
'  ■  I  am  tempted  to  write  you  the 
first  impressions,  not  doubting  that 
they  will,  in  the  main,  be  the 
permanent  impressions.  Your  lead- 
ing idea  will  assuredly  become 
recognised  as  an  established  truth 
iu science — i.e.,  'Natural  Selection.' 
It  has  the  characteristics  of  all 
great    natural    truths,     clarifying 


what  was  obscure,  simplifying  what 
was  intricate,  adding  greatly  to 
previous  knowledge.  You  are  the 
greatest  revolutionist  in  natural 
history  of  this  century,  if  not  of 
all  centuries.  .  .  .  Now  these 
novel  views  are  brought  fairly  be- 
fore the  scientific  public,  it  seems 
truly  remarkable  how  so  many  of 
them  could  have  failed  to  see  their 
right  road  sooner.  How  could  Sir 
C.  Lyell,  for  instance,  for  thirty 
years  read,  write,  and  think  on  the 
subject  of  species  and  their  succes- 
sion^ and  yet  constantly  look  down 
the  wrong  road?"  (*Life  of  Dar- 
win,' vol.  i.  p.  352,  and  vol.  ii.  p. 
226.) 
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^35.       terms  "natural  selection"  and  "sexual  selection"  ap- 
selection-     pearcd   for   the   first   time   in  Darwin's   writings.     The 

and  "sexual  -t  i   .  •      i       n 

selection."    «  gtruc'crle  for  existencc,"  and  the  resultmg  "  survival  of 
the  fittest "  individuals,  represent  definite  processes  always 
going  on  consciously  or  unconsciously  in  nature  and  in 
human  society ;  nor  is  it  less  significant  that  many  other 
phrases  have  been  coined,  by  which  the  same  idea  has  been 
made  useful  in  other  domains  of  research.     "  Hybrids," 
"mongrels,"    "rudimentary    organs,"    and  "monstrous" 
developments,  which   in  earlier  times  were  subjects  of 
mere  curiosity,  have  been  raised  to  scientific  importance 
as  indicative  of  the  concealed  and  mysterious  agencies 
by  which  natural  forms  are  altered  or  maintained,  and 
natural   processes  encouraged   or  checked.        "Environ- 
ment" and  "adaptation"  open  out  great  vistas  of  in- 
quiry, whilst  nearly  all  those  different  lines  of  search 
and   of  reasoning  have  latterly  become  centred  in  the 
great   problem  of  "heredity" — the  central   question  of 
biological    science.        In    addition    to    these,    the    older 
terms  of  the  naturalists   and  anatomists  have   received 
new   interpretations.     It  has    been   shown    by   Darwin 
himself    how    the  vague  endeavours  of    system-makers, 
since  Linuc^us,  after  a  "  natural "  as  distinguished  from 
a  merely  "  artificial   system   of  classification "  of  living 
beings,   implied  "something    more"   than    mere  resem- 
blance, and  that   this  something  more  is  "propinquity 
of  descent — the    only    known  cause    of    the  similarity 
of  organic  beings — it  being  the  bond,  hidden  by  various 
degrees  of  modification,  which  is  partially  revealed  to 
us  by  our  classifications."^     In   the  light   afforded  by 

1  ♦  Origin  of  Species,'  lat  ed.,  p.  413. 
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this  idea,  the  whole  work  of  classification  has  since 
Darwin's  time  been  taken  up  anew ;  and  though  it  is 
probably  premature  to  fix  upon  any  elaborate  scheme 
as  likely  to  afford  a  correct  view  of  the  main  lines 
of  descent  in  the  two  great  realms  of  animal  and 
plant  life,  single  pedigrees,  such  as  those  of  the  rhino- 
ceros and  the  horse,  have,  with  the  assistance  of  the 
geological  record,  been  successfully  worked  out,  the 
missing  links  having  unexpectedly  turned  up.^ 

In  addition  to  this  great  service  of  directing  the 
glance  of  the  naturalist  outside,  and  of  helping  to  over- 
come the  bewildering  effects  which  the  aspect  of  nature 
must  produce  on  every  one  who  is  not  prepared  for 
research  by  some  definite  aim  and  a  distinct  habit  of 
reasoning,  the  Darwinian  spirit  has  further  proved  its 
usefulness  by  the  great  increase  of  our  knowledge  of 
the  things  and  phenomena  of  nature  which  has  taken 


1  "  It  is  certain  that,  before 
the  theory  of  descent  was  accepted 
or  even  discussed,  genealogical  trees 
were  used  to  represent  possible 
relationships  among  human  races, 
Di-  possible  afi&nities  among  animals. 
It  was  used  as  a  '  graphic '  way  of 
expressing  classification,  and  was 
true  just  in  proportion  as  the 
(.'lassification  was  true.  The  nat- 
uralist traveller,  Peter  Pallas,  was 
one  of  the  first  to  use  it  to  express 
affinities  among  animals,  though 
it  is  possible  he  saw  a  deeper 
meaning  in  his  symbol.  But  when 
the  theory  of  descent  took  hold 
on  men's  minds,  the  genealogical 
tree  became  more  than  a  graphic 
register  of  affinities, — it  was  used 
to  express  the  supposed  facts  of 
descent.  To  Ernst  Haeckel  be- 
longs the  credit,  or,  as  some  critics 
would  say,   the  responsibility,   of 

VOL.  II. 


introducing  the  use  of  genealogical 
trees  into  zoology  and  botany. 
In  his  'Generelle  Morphologie' 
(1866)  and  in  his  'Schopfungs- 
geschichte'  (1868,  9th  ed.  1897), 
he  displayed  numerous  genealogical 
trees  designed  to  show  the  descent 
of  various  stocks  and  types  of  ani- 
mals and  plants.  There  can  be 
no  doubt  that  in  so  doing  he 
focussed  the  idea  of  descent  into 
vividness,  and,  by  the  very  definite- 
ness  of  the  notation,  forced  natural- 
ists to  a  criticism  of  th'e  reality 
of  the  supposed  lines  of  descent. 
Prof.  L.  von  Graff  says  of  Haeckel's 
* Stammbiiume,'  'There  is  due  to 
them  the  immortal  credit  of  having 
given  the  first  impetus  to  the 
grand  revolution  in  the  animal 
morphology  of  the  last  decades 
(J.  A.  Thomson,  'The  Science  of 
Life,'  1899,  p.  15). 
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place  since  the  publication   of   Darwin's  works,  by  the 
industry   of   friend  and   foe,  with   the   object   of  prov- 
ing or  of  disproving  and   modifying  Darwin's  theories. 
Whole  chapters,   such    as    those   referring   to    the   fer- 
37        tilisation  of  plants  through  insects,  to  the  part  which 
of%"^san3  colour  pkys  in  the  world  of  flowers  or  in  the  plumage 
""''"'''''*"  of    birds   and   in   the    wings   of   butterflies  and   moths, 
have  been  added  to  our  handbooks  of  natural  history ;  ^ 


I 


1  Two  remarkable  instances  may 
be  mentioned.     It  was  known  to 
Christ.  Conrad  Sprengel  that  many 
flowers    are    "  dichogamous  "— i.e. , 
that   though   the  organs   for  self- 
fertilisation  exist  in  the  same  flower, 
nevertheless,  because  of  a  want  of 
timekeeping  or  for  other  reasons, 
pollination    is    done    by    crossing, 
wherein  the  visits  of  insects  are  in- 
strumental through  elaborate  exist- 
ing arrangements.     "  Variously  col- 
oured spots  serve  as  honey -guides 
and   pathfinders   to  the  exploring 
insects,    hairs   protect    the   nectar 
from  rain  and  yet  offer  no  obstacle 
to  desirable  visitors,  other  arrange- 
ments secure  that  the  insects  are 
dusted  with  pollen  "  (J.  A.  Thom- 
son, '  The  Science  of  Life,'  p.  192). 
Sprengel  published  his  observations 
in  a  remarkable  book  (1793)  with 
the   title  'The   Secret   of   Nature 
discovered    in    the    Structure   and 
Fertilisation    of    Flowers.'      Such 
was  the  enthusiasm   of   this  true 
naturalist,  that   he,  "after    being 
ejected  from  the  rectorate  of  Span- 
dau    for   neglecting    his    flock    in 
favour  of  flowers,  settled  down  to 
a   frugal   life  in   Berlin,  and    gave 
lessons  in   languages  and    botany. 
The  commonest  plant  became  new 
by  what  he  had  to  say  about  it ; 
a   hair,    a   spot,   gave    him   oppor- 
tunity for  questions,  ideas,  investi- 
gations "    (ibid.,    p.    191).       Sachs 
('Gesch.,'p.  449)  considers  Spren- 
gel's  little  work  to  contain   "the 


first  attempt  to  explain  the  genesis 
of   organic    forms   out   of    definite 
relations   to    their    environment." 
For    sixty    years    this    bionomical 
classic  was  forgotten.      Darwin  in 
1841  heard  of   it  through  Robert 
Brown,  who,  according  to  Dr  Gray 
('Nature,'  1874,  p.   80),  "in  com- 
mon with  the  rest  of  the  world, 
looked  on  SprengeVs  ideas  as  fan- 
tastic."    The  book  impressed  Dar- 
win,  who  in  1837   had  written  in 
his    notebook :     "Do    not    plants 
which  have  male  and  female  organs 
together,  vet  receive  influence  from 
otiier  plants?"  as  being  "full  of 
truth."    (See  '  Life  of  Darwm,'  vol. 
i.  p.  90  ;  vol.  iii.  p.  257. )    The  other 
important  research  which  has  been 
much  stimulated  by  the  two  great 
propounders  of  Darwinism,  is  the 
study  of   the  meaning  of   colours 
in  plants  and  animals  and  the  allied 
subject    of   "Mimicry."       "  It  i8 
the  wonderful  individuahty  of  the 
colours  of  animals  and  plants  that 
attracts   our   attention  —  the   fact 
that   the   colours   are   localised  in 
definite     patterns,     sometime.^    ni 
accordance   with    structural    char- 
acters,   sometimes    altogether    in- 
dei)endent   of   them,    while    oiteu 
difl'ering    in     the     most     ■^<^riknig 
and     fantastic    manner    m     al  led 
species.     We  are  thus  compelled  to 
look  upon  colour  not  merely  as  a 
physical   but   also   as   a   biological 
characteristic,  which  has  been  dit- 
ferentiated     and     specialised     by 


the  older  division  of  zoology  and  botany  having  to  a 
large  extent  been  removed  by  a  study  of  the  inter- 
dependence of  the  many  forms  of  living  things  and 
their  connection  with  peculiarities  of  climate  and  soil. 
The  Darwinian  attitude  to  the  study  of  natural  objects 
has  also  introduced  into  the  natural  sciences  the  exact 
spirit  of  research, — accurate  measurements,  together  with 
elaborate  countings,  being  resorted  to  in  order  to  decide 
the  range  of  variability  of  species,  the  rate  of  increase 
in  numbers,  and  the  proportion  of  the  surviving  to  the 
lost  or  wasted  specimens.  A  large  amount  of  statistical 
information^  has  thus  been  accumulated,  and  natural 
history  is  becoming  to  some  extent  an  exact  science. 
That  it  will  ever  be  so  to  a  very  large  extent  is  doubt- 
ful :  it  is  one  of  the  great  merits  of  Darwin  that  he  has 
introduced  a  special  method  into  the  sciences  of  nature — 
the  method  of  a  judicious  balancing  of  evidence.     He       ss. 

p    n      ,  .  The  judicial 

was  lully  '  aware  that  scarcely  a  smgie  point  was  dis-  inethod. 
cussed  in  his  works  on  which  facts  cannot  be  adduced, 
often  apparently  leading  to  conclusions  directly  opposite 
to  those  at  which  he  arrived,  and  that  a  fair  result  can  be 
obtained  only  by  fully  stating  and  balancing  the  facts 

natural  selection,  and  must,  there- 
fore, find  its  explanation  in  the 
principle  of  adaptation  or  utility  " 
(Wallace,  'Darwinism,'  p.  189). 
The  term  "Mimicry"  was  first 
hitroduced  by  H.  W.  Bates  in  his 
paper  on  "Mimetic  Butterflies," 
read  before  the  Liunican  Soc. ,  Nov. 
1861,  and  hailed  by  Darwin  ('Life,' 
vol.  ii.  p.  392)  as  "  one  of  the  most 
remarkable  and  admirable  papers  " 
he  ever  read.  The  subject  had 
been  passed  over  in  the  first  editions 
of  the  '  Origin,'  but  was  introduced 
in  later  editions,   and  has  always 


served  as  one  of  the  most  valuable 
illustrations  and  proofs  of  the 
theory  of  natural  selection.  The 
whole  matter  is  admirably  ex- 
pounded by  Mr  Wallace  in  his 
long  article  in  the  'Westminster 
Review,'  July  1867,  reprinted  in 
his  *  Contributions  to  the  Theory 
of  Natural  Selection  '  (1870,  pp.  45- 
129),  and  again  in  'Darwinism.' 

^  On  the  development  of  statis- 
tical methods  in  the  service  of  the 
theory  of  evolution,  see  chap.  xii. 
below. 
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and  arguments  on  both  sides  of  each  question."^     It  is 
quite  a  different  process  of  investigation  and  method  of 
thought  from  that  which  the  abstract  sciences  use,  where 
every  agency  is  first  considered  in  its  isolated  action  and 
mathem'ltically  calculated,  and  a  complex  effect  is  rightly 
looked  upon  as  merely  the  resultant  of  specific,  well- 
defined  forces,  compounded  according  to  rigid  dynamical 
formulae.     That   the    whole    of    nature,  as    well   as  all 
observable  phenomena,  are  in  reality  only  the  result  of 
such  a  composition  of  definite  simple  actions,  and  can  be 
studied  as  such,  may  be  quite  correct ;    but  that  this 
method,  however  useful  in  isolated  cases,  and  especially 
however  fruitful  in  the  application  to  artificial  mechanisms, 
will  never  lead  to  a  just  comprehension   of  any  large 
cluster  of  phenomena,  or  to  an  appreciation  of  the  totaUty 
of  things  which  surrounds  us,  must  be  evident  to  any  one 
who  a^  once  appreciates  the  rigidity  and  universality  of 
mathematical  calculations,  and  sees  how  soon  they  fail  to 
become  of  practical  use  when  we  attempt  to  attack  any 
complex  problem  through  them.     Now,  all  processes  in 
nature  herself,  as  distinguished  from  the  laboratory,  are 
eminently   complex,  and  far  transcend  the  powers  and 
crrasp  of  the  mathematical  calculus,  so  far  as  the  human 
mind    is    able    to    employ    it.       In    fact,    the    outdoor 
naturalist  must  attack  the  problem  of  nature  and  life 
by  quite  a  different  method:  he  must,  like  a  judge,  con- 
front  and   appreciate   the   evidence  of    many  witnesses 
who    are  speaking  on  all    sides  to  him,  and  he  must, 
with  an  open  and  unbiassed  mind,  judiciously  combine 
such  evidence  in  the  sentences  which  he  passes  or  the 
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generalisations  which  he  attempts.  Absolute  mathe- 
matical certainty  is  almost  unknown  in  such  cases  :*  they 
can  only  be  made  out  with  more  or  less  clearness  and 
probability. 

It  seems  to  me  that  the  new  phase  into  which  scientific 
thought  has  entered,  mainly  through  the  influence  of  fo^^pa^ed. 
Darwin,  has  not  been  sufficiently  appreciated  by  those  of 
his  critics  who  have  compared  his  methods  with  those  of 
earlier  philosophers  and  naturalists.  Darwin  has  been 
called  by  some  the  Newton  of  the  natural  sciences,^  and 
again  by  others  his  method  has  been  unfavourably  con- 
trasted with  that  of  Newton  and  Cuvier.^     Some  of  these 


1  ( 


Origin  of  Species,'  1st  ed.,  p.  2. 


^  It  is  in  many  instances  only 
a  fa^on  de  parler.  Maxwell  simi- 
larly called  Ampere  the  Newton  of 
Electrodynamics ;  and  Young  has 
been  called  the  Newton  of  Optics. 
Mr  Wallace  says  ('Darwinism,'  p. 
9) :  "  We  claim  for  Darwin  that  he 
is  the  Newton  of  natural  history, 
and  that,  just  so  surely  as  that  the 
discovery  and  demonstration  by 
Newton  of  the  law  of  gravitation 
established  order  in  place  of  chaos, 
and  laid  a  sure  foundation  for  all 
future  study  of  the  starry  heavens, 
so  surely  has  Darwin,  by  his  dis- 
covery of  the  law  of  natural  selec- 
tion and  his  demonstration  of  the 
great  principle  of  the  preservation 
of  useful  variations  in  the  struggle 
for  life,  not  only  thrown  a  flood  of 
light  on  the  process  of  development 
of  the  whole  organic  world,  but  also 
established  a  firm  foundation  for  all 
future  study  of  nature." 

^  The  most  important  publica- 
tion of  this  kind  is  the  late  Pro- 
fessor Albert  Wigand's  work,  in 
three  volumes,  *Der  Darwinismus 
nud  die  Naturforschung  Newton's 
und  Cuvier's'  (Braunschweig,  1874- 
1877).  The  author  significantly 
classes  Humboldt  also  among  those 


who  belong  to  that  period  and 
school  of  research  which  has — un- 
fortunately, in  his  opinion — been 
superseded  by  the  modern  genetic 
treatment  (see  vol.  iii.  p.  14).  It  is 
not  likely  that  a  perusal  of  these 
volumes  will,  in  the  mind  of  the 
reader,  change  the  current  of 
thought  which  is  now,  even  more 
than  twenty-five  years  ago,  running 
in  genetic  lines,  nor  will  it  do  any- 
thing towards  diminishing  the  sense 
of  importance  which  attaches  to 
this  modern  movement.  Never- 
theless, the  book  is  valuable  as 
giving  a  very  complete  resume  of 
what  was  said  "  pro  and  con  "  Dar- 
winism during  the  first  fifteen  years 
of  its  existence.  It  is  interesting 
to  see  what  a  small  part  French 
scientific  opinion  played  during  that 
period  as  to  the  theories  of  descent 
and  mutability  of  species,  which  had 
both  their  origin  and  their  first  great 
exponents  in  France.  The  book 
does  not  appear  to  have  had  much 
influence  in  its  time,  but  more 
recently  the  criticisms  of  Wigand, 
von  Baer,  and  other  writers  seem 
to  receive  greater  attention  since 
the  central  biological  problems  have 
beenpushed  into  the  foreground.  Of 
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comparisons   refer   to    the   law   of    "natural    selection," 
whicK   is    placed     in     parallel    with    Newton's    law    of 
"universal    gravity."       Now,    although    "natural    selec- 
tion," the  automatic  process  which  ensures  the  survival 
of  the  fittest  and  the  extinction  of  the   less   adaptive 
members    in    a    crowd   of    living    beings,   is    a    definite 
formula    which    allows    us    to    understand    and    clearly 
define  one  of  the  many  factors  which  are  at  work  in 
the   development,  in  the  genesis  and  growth,  of  living 
beings,  it  is  only  one.     It  is  not  a  prime  mover  or  force, 
like  the  force  of  gravity ;  it  is  a  check  upon  the  over- 
luxuriance  of   other  existing   forces   of   production  and 
development.     These  are  only  very  imperfectly  known ; 
whereas  Newton  not  only  discovered  the  "  law  of  gravita- 
tion," but  also  the  correct  expression  for  the  general  and 
all-pervading  laws  of  motion  which  obtain,. even  where 
gravitation  or  any  similar  force  ceases  to  be  a  valid  con- 
ception.    Again,  Newton's   greatness  does   not  rest  on 
the  "  law  of  gravitation  "  alone,  but  much  more  on  the 
general  foundations  of  dynamics  and  natural  philosophy 
which  he  has  laid.     So  also  Darwin's  greatness  is  not 
limited    to    the    formula    of     "natural    selection,"    but 
depends  on  the  novel   conception  which  he  has  intro- 
duced into  the  study  of  nature  on  the  large  scale  and  as 
a  whole,  viewing  it  as  a  scene  of  conflict  and  ceaseless 
development.     From  this  time  dates  the  study  of  nature 
as    a    whole  ^    in    contradistinction   to    that   of   natural 


this  I  shall  treat  in  the  next  chap- 
ter. See  also  the  various  writings 
of  Hans  Driesch,  such  as  '  Analyt- 
ische  Theorie  der  organischen  Ent- 
wicklung'  (Leipzig,  1894);  'Die 
Biologie    als    selbstiindige   Grund- 


wissenschaft  (1893),  especially  p.  7 
of  the  latter. 

1  Though  this  was  prepared,  as 
Darwin  himself  points  out,  by  A. 
von  Humboldt. 
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objects  and  processes.  The  general  laws  which  obtain 
in  this  great  field,  and  which  would  correspond  to 
Newton's  laws  of  motion — the  laws  of  variation  and  of 
heredity — have  not  yet  be^n  discovered ;  but  it  is  again 
Darwin  more  than  any  other  naturalist  who  has  called 
attention  to  these  prime  movers  in  the  living  universe. 
He  has  pushed  into  the  foreground  the  two  great  problems 
of  "  variation  "  and  "  heredity."  ^ 


^  Darwin  in  his  subsequent  writ- 
ings urged  another  important  prob- 
lem, to  which  he  had  already  in  his 
first  and  greatest  work  drawn  pass- 
ing attention.  This  is  the  agency 
of  "sexual  selection."  It. occupies 
by  far  the  larger  portion  of  his 
third  great  work,  which  appeared 
in  1871  with  the  title  'The  Descent 
of  Man  and  Selection  in  Uelation  to 
Sex.'  In  the  introduction  he  says, 
'"During  many  years  it  has  seemed 
to  me  highly  probable  that  sexual 
selection  has  played  an  important 
part  in  differentiating  the  races  of 
man  ;  but  in  my  '  Origin  of  Species ' 
I  contented  myself  by  merely  allud- 
ing to  this  belief.  When  I  came 
to  apply  this  view  to  man,  I  found 
it  indispensable  to  treat  the  whole 
subject  in  full  detail.  Professor 
Haeckel  is  the  sole  author  who, 
since  the  publication  of  the '  Origin,' 
has  discussed  in  his  various  works, 
in  a  very  able  manner,  the  subject 
of  sexual  selection,  and  has  seen  its 
full  importance."  The  problem  of 
*'  sexual  selection  "  is  introduced  in 
the  '  Origin  '  (p.  87)  in  the  following 
words  :  "  Inasmuch  as  peculiarities 
often  appear  under  domestication 
in  one  sex,  and  become  hereditarily 
attached  to  that  sex,  the  same  fact 
probably  occurs  under  nature  ;  and 
if  so,  natural  selection  will  be  able 
to  modify  one  sex  in  its  functional 
relations  to  the  other  sex,  or  in 
relation  to  wholly  different  habits 
of  life  in  the  two  sexes,  as  is  some- 
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times  the  case  with  insects.  And 
this  leads  .me  to  say  a  few  words 
on  what  I  call  Sexual  Selection. 
This  depends  not  on  a  struggle  for 
existence^  but  on  a  struggle  be- 
tween ^le  males  for  possession  of 
the  females :  the  result  is  not 
death  to  the  unsuccessful  com- 
petitor, but  few  or  no  offspring. 
Sexual  selection  is  thus  less  rigor- 
ous than  natural  selection."  A 
great  deal  has  been  written  about 
sexual  selection,  and  in  general  it 
may  be  said  that  the  question  be- 
longs to  quite  a  different  category 
from  that  of  natural  selection. 
Some  of  the  foremost  champions  of 
the  latter  doctrine,  notably  Mr 
Wallace,  reject  sexual  selection  as 
unnecessary  in  the  whole  scheme. 
The  characteristic  feature  of  natural 
selection  is  this,  that  it  is  a  purely 
automatic  process,  dependent  on 
overcrowding,  whereas  in  sexual 
selection  it  becomes  much  more 
difficult  to  see  how  the  process 
^orks  automatically.  Nowadays 
the  question  of  natural  selection 
is  hardly  any  longer  doubtful ;  it 
is  a  fact.  As  to  sexual  selec- 
tion, the  statistical  proofs  that 
there  is  a  superabundance  from 
which  to  choose  are  still  wanting. 
To  understand  sexual  selection, 
or  even  to  define  it,  we  need 
to  form  some  conception  of  the 
reason  and  origin  of  sexual  differ- 
entiation, and  this  cannot  be  ar- 
rived at  without  a   theory  of  life 
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And,  besides  this,  it  is  well  to  remember  that  Newton 
was  condemned  by  some  of  his  contemporaries  on  the 
basis  of  the  philosophy  of  Bacon;  Fresnel  and  Young 
were  condemned  on  the  ground  of  Bacon  and  Newtou 
combined.     In  like  manner  the  novel  line  of  reasoning 
adopted    or    largely    cultivated    by    Darwin    has    been 
attacked  as  being  opposed  to  Bacon,  Newton,  and  other 
great  thinkers  before  him.     In  all  these  cases  it  is  the 
results,  and  not  the  theory,  of  the  process  of  reasoning 
which  have  justified  its  continued  employment.     Without 
attempting  to  elaborate   the  parallel   too  minutely,  we 
may   say  that  as   Newton  created  Natural   Philosophy 
and  took  one  brilliant  step  in  fixing  for  all  time  one  of 
the  great  laws  of  the  material  universe,  so  Darwin  has 
founded  the  study  of  nature  as  distinguished  from  that 
of  the  objects  and  processes  of  nature,  and  has  enunciated 
one   of    the   great  factors   which    obtain   in   the   living 
portion  of  nature :  through  him  a  history  of  nature,  the 
genetic  view  of  nature  on  a  large  scale  as  distinguished 
from  the  older  natural   history,  has   for  the  first  time 
became  conceivable.     The  word  history  indeed  suggests 
other  analogies.     Political   history,  what   we  ordinarily 
term  history  proper,  has  in  the  course  of  our  century 
undergone  changes  and  developments  similar  to  those  in 
the  history  of  nature.     Confined  once  to  a  casual,  un- 
methodical, uncritical,  and  incomplete  record  of  isolated 


which  rests  on  something  more 
than  .the  two  purely  statistical  or 
numerical  facts  of  overcrowding 
and  of  variation — i.e.,  the  fact  that 
no  two  individuals  are  absolutely 
alike.  The  importance  of  the 
phenomenon  of  sex  in  the  economy 
of  living  nature  has  been  studied, 


and  given  rise  to  many  theories. 
A  very  good  account  of  these  will 
be  found  in  P.  Geddes  and  J.  A. 
Thomson,  'The  Evolution  of  Sex,' 
1889.  In  the  following  chapter, 
where  I  deal  with  the  various 
attempts  to  define  "  Life,"  I  shall 
revert  to  this  subject. 


events  or  biographies,  it  has  been  gradually  united  and 
organised  as  a  whole,  largely  through  the  same  judicial 
sifting  of  manifold  evidence  and  elaboration  of  critical 
methods  of  research.  Of  this  I  hope  to  treat  in  a 
different  portion  of  this  work:  here  I  only  wish  to 
draw  attention  to  the  enlarged  aspect,  which  in  both 
instances  has,  through  the  same  process  of  development,  |i-  . 
come  over  our  studies.  When  once  we  rise  from  the  g^fel*^^^ 
contemplation  and  examination  of  details  and  single  facts, 
and  grasp  the  connection  and  economy  of  the  whole  as 
a  subject  worthy  of  special  attention,  we  involuntarily  in- 
troduce two  new  elements  into  our  research — the  element 
of  conjecture  and  the  element  of  speculation.  The  former 
is  needed  to  fill  up  the  many  gaps  which  we  find  in  the 
actual  records  when  we  wish  to  string  them  together  into 
a  united  and  intelligible  whole ;  the  latter  is  the  inquiry 
into  the  general  principles  which  underlie  any  and  every 
development  of  the  kind  we  have  in  view.  The  creation 
by  Darwin  of  the  science  and  history  of  nature,  as  dis- 
tinguished from  the  science  and  history  of  natural  ob- 
jects and  single  processes,  has  been  accompanied  and 
strengthened  by  the  appearance  of  conjectural  and  specu- 
lative attempts ;  just  as  the  cultivation  of  the  science 
of  general  history  has  gone  hand  in  hand  with,  and 
has  been  supported  by,  the  brilliant  results  of  philo- 
logical conjecture  and  the  philosophy  of  history.^     Of 


^  In  an  eloquent  passage  Professor 
Parker  compares  the  work  of  the 
naturalist  of  to-day  with  that  of 
the  philologist.  This  passage  occurs 
in  his  Memoir  on  the  Fowl  (1868), 
and  is  quoted  in  his  book  *  On  the 
Morphology  of  the  Skull '  (by  Parker 
and  Bettany,  London,  1877,  p.  362) : 


"  Whilst  at  work  I  seemed  to  my- 
self to  have  been  endeavouring  to 
decipher  a  palimpsest,  and  one  not 
erased  and  written  upon  again  just 
once  but  five  or  six  times  over. 
Having  erased,  as  it  were,  the 
characters  of  the  culminating  type 
— those  of  the  gaudy  Indian  bird 
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these  I  shall  treat  elsewhere.     It   may  be  a   question 
capable  of  very  opposite  answers  whether  the  philosophy 
of  history,  such  as  it  has  been  offered  in  the  brilliant 
42.       generalisations  of  Kant,  Herder,  Hegel,  and  Buckle,  has 
caYthTories.  really  aided  the  science  of  history  proper ;  whereas  no 
question  can  arise  as  to  the  indispensable  service  that 
has  been  rendered   to   historians  by  the   criticism   and 
conjectural  emendation  of  texts  and  other  monuments 
of  antiquity.     With  Darwinism  the  matter  stands  dif- 
ferently :  no  person  who  peruses  the  great  and  increasing 
literature  of  the  subject  can  deny  the  enormous  assist- 
ance  which   the  philosophical   ideas   of   evolution   have 
rendered  to  the  cause  of  Darwinism — how   the  latter, 
when  it  appeared,  found  ready  made,  though  then  only 
slightly  appreciated,  the  philosophical  canons  and  terms 
which  were  so  well  fitted  to  its  systematic  enunciation 
and  literary  misc  en  scene.     This  was  the  independent 
work  of  Mr  Herbert    Spencer.^     The  other  well-known 


48. 

Herbert 
Spencer. 


— I  seemed  to  be  among  the  sombre 
grouse  ;  aud  then,  towards  incuba- 
tion, the  chanicters  of  the  sand- 
grouse  and  hemipod  stood  out  be- 
fore me.  Rubbing  these  away  in 
my  downward  work,-  the  form  of 
the  tinamou  looked  me  in  the  face  ; 
then  the  aberrant  ostrich  seemed  to 
be  described  in  large  archaic  char- 
acters ;  a  little  while  and  these 
faded  into  what  could  just  be  read 
off  as  pertaining  to  the  sea-turtle  ; 
whilst  underlying  the  whole  the 
fish  in  its  simplest  myxinoid  form 
could  be  traced  in  morphological 
hieroglyphics. " 

^  The  part  and  position  which 
belongs  to  Mr  Herbert  Spencer  in 
the  history  of  evolution  as  a  scien- 
tific doctrine  has  not  yet  received 
due  attention  or  adequate  recogni- 


tion. There  is,  however,  no  doubt 
that  the  principal  features  of  the 
genetic  view  of  natural  phenomena 
were  clearly  before  his  mind  as 
early  as  1852,  when  he  wrote  his 
short  essay  on  "  The  Development 
Hypothesis  "  in  '  The  Leader,'  re- 
published in  the  first  volume  of  his 
'Collected  Essays.'  It  has  been 
pointed  out  by  Romanes  ('  Darwin 
and  After  Darwin,'  vol.  i.  p.  257) 
that  though  the  attempts  towards 
a  genetic  conception  of  organic 
nature  were  numerous,  if  not 
abundant,  before  Darwin,  yet  this 
view  only  broke  through  and  be- 
came dominant  on  the  appearance 
of  the  theory  of  natural  selection. 
He  says  :  "  If  we  may  estimate  the 
importance  of  an  idea  by  the  change 
of   thought    which    it    effects,  this 


name  which  is  so  frequently  associated  with  Darwin, 
especially  in  Germany,  is  that  of  Professor  Haeckel, 
whose  '  Generelle  Morphologic '  and  '  History  of  Creation  ' 
have  done  much  to  introduce  the  spirit  of  Darwinism 
into  German  literature.     These  works  also  represent  the 


44. 
Haeckel. 


idea  of  natural  selection  is  unques- 
tionably the  most  important  idea 
that  has  ever  been  conceived  by  the 
mind  of  man.  Yet  the  wonder  is 
that  it  should  not  have  been  hit 
upon  long  before  ; "  and  after  re- 
ferring to  the  forgotten  antici- 
pations of  Wells  and  Matthew, 
Romanes  proceeds:  "Still  more 
remarkable  is  the  fact  that  Mr 
Herbert  Spencer  —  notwithstand- 
ing his  great  powers  of  abstract 
thought  and  his  great  devotion  of 
those  powers  to  the  theory  of  evo- 
lution, when  as  vet  this  theorv  was 
scorned  by  science — should  have 
missed  what  now  appears  so  ob- 
vious an  idea. "  In  this  connection 
it  is  interesting  to  note  how  those 
general  canons  of  evolutionary 
thought  which  were  established  by 
Spencer  before  the  publication  of 
the  *  Origin '  were  brought  into 
general  recognition  by  scientific 
men  only  when  the  definite  mathe- 
matical or  statistical  formula  of 
natural  selection  was  announced, 
and  that,  after  the  lapse  of  a  whole 
generation,  it  is  not  this  precise 
formula  but  the  general  conception 
of  evolution  which,  according  to 
many  of  the  foremost  naturalists, 
will  obtain  ;  the  part  which  natural 
selection  plays  being  uncertain  and 
variously  estimated  by  the  many 
adherents  of  the  theory  of  evolu- 
tion. See,  inter  alia,  the  article  on 
"  Evolution  in  Biology  "  by  Huxley 
in  the  'Ency.  Brit.,' 9th  ed.,  vol. 
viii.  p.  751:  "  How*  far  natural 
selection  suffices  for  the  production 
of  species  remains  to  be  seen.  Few 
can  doubt  that,  if  not  the  whole 


cause,  it  is  a  very  important  factor 
in  that  operation.  .  .  .  The  im- 
portance of  natural  selection  will 
not  be  impaired  even  if  further 
inquiries  should  prove  that  varia- 
bility  is  definite  and  is  determined 
in  certain  directions  rather  than  in 
others  by  conditions  inherent  in 
that  which  varies."  See  also  the 
Address  of  Lord  Salisbury  at  the 
meeting  of  the  Brit.  Assoc,  at  Ox- 
ford in  1894,  and  the  subsequent 
remarks  of  Huxley  in  seconding  the 
vote  of  thanks  ('Life  of  Huxley,* 
vol.  ii.  p.  378):  "The  essence  of 
this  great  work  (the  'Origin  of 
Species ')  may  be  stated  summarily 
thus  :  it  affirms  the  mutability  of 
species  and  the  descent  of  living 
forms,  separated  by  differences  of 
more  than  varietal  value,  from  one 
stock.  .  .  .  And  yet  it  is  also  true 
that  if  all  the  conceptions  promul- 
gated in  the  'Origin  of  Species* 
which  are  peculiarly  Darwinian 
were  swept  away,  the  theory  of 
the  evolution  of  animals  and  pfants 
would  not  be  in  the  slightest  degree 
shaken."  In  fact,  the  general  prin^' 
ciples  of  mechanical  evolution,  as.  v 
first  systematised  by  Mr  Spencer, 
received  recognition  only  through  a 
definite  formula,  but  may,  after  all, 
survive  that  special  doctrine.  It 
is  further  very  evident  how  the 
parallel  with  Newton's  formula  of 
gravitation  entirely  breaks  down  if 
we  look  at  matters  in  this  light ; 
every  subsequent  discovery  having 
only  tended  to  confirm  that  special 
mathematical  relation,  and  proved 
the  all-important  part  it  plays  in 
nature. 
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first  brilliant  attempt  to  fill  up  conjecturally  the  broken 
lines  of  development  and  descent  as  the  Darwinian  con- 
ception of  living  nature  postulates  them.^     As  a  first 
and  daring  approximation,  they  deserve  to  have  assigned 
to  them  a  prominent  place  in  the  history  of  the  scien- 
tific   thought    of    our    age.      In    elaborating    his    pedi- 
grees, Professor  Haeckel  has  taken  up  and  more  clearly 
defined   the   analogy   between   the   development  of   the 
embryo  in  the  higher  organisms  and  the  supposed  transi- 
tion from  lower  to  higher  forms  which  is  found  in  the 
classification  of   the  genera  or   species  of   animals   and 
plants.     He  has  termed  this  analogy  the  great  law  of 
biogenesis,  of  the  development  of  life  in  the  individual 
(to  6v),  and  the  species  or  tribe  {to  (pvXov),  expressed 
also  as  the  parallelism  of  ontogenesis  and  phylogenesis. 
Long  before  Darwin  and  the  appearance  of  the  theory  of 
descent  this  analogy-  was  pointed  out   in  a  restricted 


1  The  later  editions  of  the*  Origin   ' 
of   Species'   contain  the  following  | 
reference   to   Haeckel  (6th  ed.,  p. 
381) :  "Prof.  Haeckel,  in  his  'Gen- 
erelle   Morphologie,'  and   in   other 
works,  has  brought  his  great  know- 
ledge and  abilities  to  bear  on  what 
he  calls  phylogeny,  or  the  lines  of 
descent  of  all  organic   beings.     In 
drawing  up  the  several   series   he 
trusts  chiefly  to  embryological  char- 
acters, but  receives  aid  from  homo- 
logous and  rudimentary  organs,  as 
well  as  from  the  successive  periods 
at  which  the  various  forms  of  life 
are  believed  to  have  first  appeared 
in  our  geological  formations.     He 
has  thus  boldly  made  a  great  be- 
ginning, and  shows  us  how  classi- 
fication   will    in    the    future     be 
treated."     And  Huxley  (art.  "  Evo- 
lution," p.   752)  says:   "Whatever 
hesitation    may   not    unfrequently 


be  felt  by  less  daring  minds  in 
following  Haeckel  in  many  of  his 
speculations,  his  attempt  to  sys- 
tematise the  doctrine  of  evolution, 
and  to  exhibit  its  influence  as  the 
central  thought  of  modem  biology, 
cannot  fail  to  have  a  far-reaching 
influence  on  the  progress  of 
science. " 

-  As  to  the  early  anticipations  of 
this  so-called  "law  of  biogenesis," 
they  are  given  with  more  or  less 
completeness  by  many  modern 
writers,  such  as  Huxley  in  his 
article  on  Evolution  (1878,  'Ency. 
Brit.'),  P.  Geddes  (ibid.,  art.  "Re- 
production "),  Yves  Delage  (•  L'Her- 
edit(^,'  &c.,  p.  159),  J.  A.  Thomson 
('The  Science  of  Life,'  p.  133,  &c.) 
The  most  important  earlier  state- 
ment is  that  quoted  by  Huxley 
from  Meckel's  *  Entwurf  einer  Dar- 
stellung  der  zwischen  dem  Embryo- 


sense  by  Meckel,  von  Baer,  and  Serres.  It  has  some- 
times been  termed  von  Baer's  law,  though  von  Baer 
very  carefully  guarded  himself  against  many  popular 
versions  of  the  analogy,  applying  it  only  within  the 
limits  of  the  four  great  groups  or  plans  of  organisation 
into  which  he  divided  the   animal   kingdom.^      In   his 


zustande  der  hoheren  Thiere  und 
dem  permanenten  der  niederen 
stattfindenden  Parallele '  (1811): 
"  There  is  no  good  physiologist  who 
has  not  been  struck  by  the  observa- 
tion that  the  original  form  of  all 
organisms  is  one  and  the  same,  and 
that  out  of  this  one  form  all,  the 
lowest  as  well  as  the  highest,  are 
developed  in  such  a  manner  that 
the  latter  pass  through  the  per- 
manent forms  of  the  former  as 
transitory  stages.  Aristotle,  Hal- 
ler,  Harvey,  Kielmeyer,  Autenrieth, 
and  many  others,  have  either  made 
this  observation  incidentally,  or, 
especially  the  latter,  have  drawn 
particular  attention  to  it,  and 
drawn  therefrom  results  of  per- 
manent importance  for  physiology." 
Louis  Agassiz,  in  his  celebrated 
"Essay  on  Classification"  (1859), 
though  rejecting  the  doctrine  of 
descent,  "  insisted,  nevertheless,  on 
the  correspondence  between  stages 
in  embryonic  development  and  the 
grades  of  differentiation  expressed 
in  the  classification  of  living  and 
extinct  animals"  (Thomson,  'The 
Science  of  Life,'  p.   134). 

^  ''  A  careful  examination  of  von 
Baer's  '  laws '  shows  that  he  did 
not  accept  the  recapitulation  with- 
out many  saving  clauses.  He  be- 
lieved in  it  much  less  than  many 
a  modern  embryologist,  such  as  F. 
M.  Balfour  or  A.  Milnes  Marshall" 
(Thomson,  p.  133).  Before  the 
publication  of  Haeckel 's  'Generelle 
Morphologie '  the  naturalist  who 
seems  to  have  most  clearly  ex- 
pressed  the  recapitulation  theory 


was  Fritz  Miiller,  who  in  1864 
published  his  famous  tract  '  Fiir 
Darwin,'  which  appeared  in  1868 
in  an  English  translation  by  Dallas, 
with  the  title  '  Facts  and  Argu- 
ments for  Darwin.'  The  work  of 
Fritz  Miiller,  who  for  many  years 
lived  in  the  Brazils,  isolated  and 
secluded,  and  devoted  to  scientific 
observation,  was  welcomed  by  Dar- 
win as  one  of  the  first  and  greatest 
supports  to  his  doctrine :  tlie 
author  was  singled  out  by  him  as 
the  "prince  of  observers,"  and 
frequently  referred  to  in  the  later 
editions  of  the  'Origin  of  Species.' 
Delage  considers  him  to  have  first 
expressed  the  fundamental  bio- 
genetic law  ('L'Heredite,'  pp.  159, 
469),  and  this  is  in  agreement  with 
Haeckel's  own  declaration  in  the 
13th  chapter  of  the  'History  of 
Creation.'  It  is,  however,  well  to 
mention  that  the  recapitulation 
theory  has  found  little  favour  with 
botanists  ;  that  Haeckel  himself 
admits  that  the  parallelism  be- 
tween ontogenesis  and  phylogenesis 
is  general  and  not  exact ;  that  there 
is  a  tendency  to  abbreviation  ;  that 
recent  adaptations  (called  by  him 
"  kainogenetic ")  may  mask  more 
ancient  ("palingenetic  ")  features, 
&c.  See  J.  A.  Thomson,  'The 
Science  of  Life,'  p.  135.  Ziegler, 
in  his  recent  excellent  review  of 
the  'Present  Position  of  the  Doc- 
trine of  Descent'  (Jena,  1902,  p. 
12),  admits  that  the  theory  of  par- 
allelism has  ' '  perhaps  not  realised 
all  the  expectations"  which  were 
cherished  thirty  years  ago. 
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time  also  no  attempt  was  made  to  bring  phytogenesis 
—  the  genesis  of  plant-life — into  line  and  order  with 
zoogenesis,  the  genetic  arrangement  of  animals.     It  is 
Haeckel's  undoubted  merit  to  have   attempted   for  the 
first  time  to  carry  out  this  general  scheme  on  a  large 
scale,  and    by    means   of    detailed    pedigrees,  beginning 
with    the    undefined    organisms    in    which    as    yet   the 
peculiar   characters  of    animal-  and    plant  -  life   do   not 
appear  to  be  differentiated,  and  ascending  in  two  great 
trunks    into    the   vegetable    and    animal    kingdom,   and 
thence    through    many    ramifications    into    the     several 
classes,  families,  genera,  species,  and  varieties  of  living 
things,  to  construct  the  supposed   real   natural   system 
for  which  systematists  had  been  unconsciously  searching 
since  the  age  of  Kay  and  Linnaeus.     For  the  purpose  of 
^  elaborating  this  great  scheme  he  employs  not  only  the 
great    law    of    heredity,   according    to    which    ancestral 
characters  are  reproduced  in  development,  but  also  the 
older  law  of  adaptation  to  the  existing  environment,  as 
45.        pointed  out  by  Lamarck.     Haeckel,  in  fact,  combines  the 
Darwin  and  vicws  of  Darwiu  aud  Lamarck,  which  other  naturalists 

Lamarck. 

are  more  or  less  inclined  to  keep  apart,  whence  has 
arisen  the  well-known  division  into  the  two  great  schools 
of  the  neo-Darwinians  and  neo-Lamarckians.^      Though 


'£ 


^  Natural  selection  being  an  a<l- 
mitted  fact  among  living  things, 
like  gravitation  in  the  physical 
universe,  three  distinct  problems 
arise  :  First,  how  far  does  it  reach  ? 
the  scope  of  the  principle.  The 
subsequent  writings  of  Darwin  were 
mainly  occupied  with  this  question, 
though — as  we  shall  see  later— he 
also  ventured  upon  an  important 


suggestion  as  to  the  underlying 
problem  of  inheritance.  Secondly, 
the  fact  or  principle  itself  recjuires 
to  be  traced  to  deef)er-lying  causes. 
We  may  say  natural  selection  is  a 
vera  causa,  but  not  a  prima  causa  : 
it  is  a  true  but  not  a  prime  cause. 
The  investigations  regarding  "varia- 
tion "  and  "heredity"  work  along 
this  line  of  research,  and  form  the 
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Haeckel's  work   is,  as   he   himself  admits,  highly  con- 
jectural,^ it  has  done  much  to  extend  and  popularise  the 


1 


whole  domain  of  modern  post- 
Darwinian  biology.  The  problem 
is  far  from  being  solved,  though  it 
is  perhaps  nearer  a  solution  than 
the  question  as  to  the  cause  of 
gravitation.  Thirdly,  there  is  the 
ambitious  attempt  to  construct  a 
general  philosophy  of  life  by  means 
of  the  new  principle,  or  some  modi- 
fication or  amplification  of  it.  After 
Newton  had  discovered  universal 
gravitation,  the  attempt  was  made 
by  Boscovich  and  the  French  school 
of  mathematical  physics  to  use  the 
idea  of  attraction  at  a  distance  as  a 
general  physical  theory.  Of  those 
who,  before  or  after  Darwin,  at- 
tempted the  more  ambitious  task, 
we  may  take  Herbert  Spencer,  Ernst 
Haeckel,  and  Niigeli  as  three  dis- 
tinct representatives.  They,  how- 
ever, agree  in  one  point — viz.,  in 
considering  natural  selection  to  be 
insufficient,  and  in  admitting  other 
agencies,  which  are  largely  drawn 
from  the  suggestive  writings  of 
Lamarck.  The  section  of  these 
philosophical  writers  who  consider 
Lamarck's  principles  to  be  more 
fundamental  than  Darwin's,  and 
who  are  largely  represented  by 
American  naturalists  (notably  E. 
D.  Cope  and  A.  Hyatt),  are  called 
neo-Lamarckians.  The  best  account 
of  their  views  will  be  found  in  the 
last  chapter  of  Professor  Packard's 
book,  '  Lamarck,  the  Founder  of 
Evolution'  (1901).  The  following 
passage  quoted  there  (p.  391)  from 
a  much  earlier  memoir  (1877)  gives 
a  very  clear  account  of  the  reason- 
ing of  this  school  :  "Darwin's 
/phrase,  'natural  selection,'  or  Her- 
/bert  Spencer's  term,  'survival  of 
'  the  fittest,'  expresses  simply  the 
final  result,  while  the  process  of 
the  origination  of  the   new  forms 


which  have  survived,  or  been 
selected  by  nature,  is  to  be  ex- 
plained by  the  action  of  the  physi- 
cal environments  of  the  animals, 
coupled  with  inheritance  -  force. 
The  phrases  quoted  have  Vjeen  mis- 
used to  state  the  cause,  when  they 
simply  express  the  result  of  the 
action  of  a  chain  of  causes  which 
we  may,  with  Herbert  Spencer, 
call  the  'environment'  of  the 
organism  undergoing  modification ; 
and  therefore  a  form  of  Lamarck - 
ianism,  greatly  modified  by  recent 
scientific  discoveries,  seems  to  meet 
most  of  the  difficulties  which  arise 
in  accounting  for  the  origination  of 
species  and  higher  groups  of  organ- 
isms." It  is  also  well  to  note  that 
Mr  Wallace,  though  not  a  Lamarck- 
ian,  considers  the  principle  of  nat- 
ural selection  insufficient  especi- 
ally to  explain  the  higher  develop- 
ments of  mental  life.  (See  *  Dar- 
winism,' p.  463,  &c. ) 

^  "  It  is  evident  that  our  '  phyl- 
ogeny '  is  and  remains  an  edifice 
of  hypotheses  in  the  same  way  as 
her  sister,  historical  geology.  For 
she  tries  to  gain  a  connected  view 
of  the  course  and  causes  of  events 
long  past,  the  direct  investigation 
of  which  is  impossible.  Neither 
observation  nor  experiment  can 
give  us  direct  information  regard- 
ing the  endless  processes  of  change 
through  which  the  existing  animal- 
and  plant-forms  have  emerged  out 
of  lengthy  ancestral  stages.  .  .  . 
The  empirical  documents  of  our 
history  of  descent  will  always 
remain  largely  incomplete,  however 
much  through  continued  discoveries 
our  region  of  knowledge  of  individ- 
ual things  may  increase. "  (Haeckel, 
'  Systematische  Phylogenie,'  1894, 
vol.  i.  preface,  p.  vi.) 
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Philosoph- 
ical prob- 
lems. 


Problem  of 
life. 


genetic  view  of  nature,  drawing  likewise  into  this  circle 
of  ideas  the  great  departments  of  anthropology  and 
geography;  in  fact,  it  amounts  to  rewriting  the  *  Kosmos ' 
of  Humboldt  on  genetic  instead  of  on  purely  descriptive 
lines.  But  in  perusing  these  and  similar  writings  of 
modern  times,  we  feel  on  the  one  side  that  we  are 
gradually  getting  out  of  the  depths  of  science,  not  only 
into  the  domain  of  conjecture,  without  which  a  know- 
ledge of  the  past  cannot  be  gained,  but  also  into  the 
regions  of  philosophical  thought,  which  proceeds  on 
other  lines  than  those  prescribed  to  science,  and  which 
will  claim  our  attention  in  a  special  portion  of  this 
work.  On  the  other  side,  in  using  so  confidently  the 
ideas  of  descent  and  adaptation,  we  feel  that  we  are 
appealing  to  two  great  empirical  facts,  the  facts  of 
heredity  and  of  variation  of  living  things,  on  which  the 
genetic  view  of  nature,  when  applied  to  the  living 
portion  of  creation,  rests,  but  which  are  scarcely  even 
defined  in  clear  terms,  much  less  explained.  In  fact, 
we  are  face  to  face  with  the  problem  and  definition  of 
life  itself.  Neither  the  morphological  nor  the  genetic 
view  of  nature  is  limited  to  the  living  world,  although 
both  views  originated  there,  and  were  from  thence  ex- 
tended to  the  larger  domain  of  inorganic  and  cosmical 
phenomena.  Into  these  larger  views  which  try  to 
grasp  the  forms  of  nature  in  their  apparent  rest  or  in 
their  endless  change  and  history,  the  phenomena  of 
life  have  been  fitted  by  the  help  of  three  definite  con- 
ceptions —  the  conception  of  the  cell  as  the  morpho- 
logical basis  or  unit  of  all  life,  and  the  two  concep- 
tions   of    inheritance    and    variation,    by   which    living 


forms  are  partially  maintained  and  continuously  altered.^ 
These  three  conceptions  deserve  and  have  received  special 
attention  by  a  class  of  students  who,  since  the  begin- 
ning of  the  nineteenth  century,  have  termed  themselves 
biologists.  On  what  lines  of  reasoning  their  studies 
have  been  conducted,  and  to  what  general  results  they 
have  led,  I  propose  to  discuss  in  the  following  chapter, 
which  might  be  appropriately  entitled  the  "  Biological 
view  of  Nature "  in  the  narrower  sense  of  the  term. 
In  order  to  distinguish  the  studies  which  I  shall  have 
to  deal  with  in  that  chapter  from  those  which  have 
occupied  us  in  this  and  the  last  chapter,  which  deal 
largely  but  not  exclusively  with  living  things,  I  have 
preferred  to  give   to   it   the   title,  "  On   the  Vitalistic  ^ 


^  To  the.se  —  according  to  some 
naturalists  —  might  be  added  the 
factor  of  adaptation,  so  prominent- 
ly put  forward  by  Lamarck  and 
his  followers.  But  adaptation  is 
one  of  the  causes  of  variation,  as 
natural  selection  is  a  consequence. 
The  latter  is  a  physical  necessity 
wherever  overcrowding  exists ; 
whereas  the  scope  of  adaptation, 
which  is  an  undeniable  fact  so  far 
as  individuals  are  concerned,  is, 
so  far  as  it  regards  inheritance — 
i.e.,  the  development  of  the  race — 
a  much  controverted  question.  It 
comes  under  the  larger  problem 
of  the  influence  of  environment, 
and  will  occupy  us  again  in  later 
chapters.  Among  the  most  valu- 
able contributions  to  this  subject 
are  Mr  Herbert  Spencer's  articles 
on  the  "  Factors  of  Organic  Evolu- 
tion," published  in  the  *  Nineteenth 
Century'  in  1886,  and  separately, 
with  additions,  in  1887.  In  these 
es.says  he  also  shows  how  Darwin 
himself  in  his  later  writings  in- 
cludes the  influence  of  environ- 
ment as  an   important    factor    in 

VOL.  II. 


development.     (See  p.   29   sqq.   of 
the  reprint. ) 

2  As  the  two  terms  "biological" 
and  "vitalistic"  might,  according 
to  their  etymology,  mean  the  same 
thing,  it  may  be  appropriate  to 
offer  some  explanation  of  the 
reasons  which  have  induced  me 
to  adopt  the  latter  term  for  the 
purpose  indicated  in  the  text. 
Biology  means  the  science  of  life. 
This  can  only  be  studied  in  living 
things.  Living  things,  however, 
are  formed  entirely  of  the  same 
elementary  substances  as  we  find  in 
inorganic  or  not  living  things,  and 
are  very  largely  formed  through  the 
same  chemical  and  physical  pro- 
cesses as  we  find  among  the  latter. 
And  as  our  scientific  —  i.e.,  exact, 
accurate,  and  useful  —  knowledge 
has  all  begun  with  the  study  of 
inorganic  phenomena,  it  is  natural 
that  biologists  should  have  attacked 
the  problems  of  living  nature  from 
the  side  of  the  similarity  or  same- 
ness which  they  presented  when 
compared  with  lifeless  nature. 
The   main   progress  in   physiology 
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view  of  Nature."  Clearly  both  the  morphological  and 
the  crenetic  views  of  nature  remain  incomplete  unless 
they  embrace  the  forms  and  the  processes  of  life.  It 
is  the  problem  from  which  both  started  and  to  which 
both  lead.  They,  as  it  were,  presuppose  its  possible 
solution.  Let  us  see  what  has  been  done  in  the  course 
of  our  century  to  effect  it. 

Before  we  do  this  it  is  well  to  draw  attention  to 
the  great  strengthening  which  the  genetic  or  develop- 
mental view  of  nature  has  received,  since  the  time  of 
Darwin,  from  other  quarters  —  notably  from  that  of 
general  physics  and  chemistry  in  their  application  to 
geology  and  astrophysics.^ 


and  medicine  during  the  last  hun- 
dred  years    has   come   from    that 
quarter.    This  large  class  c»f  studies 
can   be   carried  on  without   facing 
the  problem  of  life  at  all  ;  and  thus 
it  happens  that  we  may  have  a  very 
large  biological  literature  in  which 
the   word   life   hardly   occurs,   and 
in    which   we   seek   in   vain    for    a 
definition  of  life.     We  umst,  theie- 
fore,  have  a  term  which  singles  out 
from   the   enormous    mass   of   bio- 
logical literature  that  smaller  por- 
tion which  professedly  deals  with 
those    properties    and    phenomena 
which  are  peculiar  to  the  living  as 
distinguished  from  the  lifeless  crea- 
tion.   I  have  chosen  for  this  purpose 
the    term   vitalistic ;    but    I    may 
note  that  in  using  it  I  do  not  limit 
myself    to   that    class  of   thinkers 
who  are  usually  termed  "  Vitalists," 
because  they  are  led   to,   or  start 
with  the  assumption  of,  a  special 
vital  principle.     Even    those   who, 
in  studying  the  phenomena  of  life, 
arrive  at  or  start  from  the  denial  of 
such  a  principle  are  included  under 
the  vitalistic  view,  just  as  Kant  is 
rightly    termed    a    metaphysician 


although  the  outcome  of  his  phil- 
osophy may  be  considered  to  be 
the  destruction  of  metaphysics  in 
the  sense  which  was  current  in 
his  age. 

^  A  general  scheme  of  evolution, 
or  of  development  as  it  was  more 
frequently    termed,    which    would 
embrace  equally  cosmical  ami   ter- 
restrial  processes,  the  lifeless  and 
living  world,  was  clearly  before  the 
mind  of  Schelling  and  his  followers, 
notably  Oken   and   Steffens.     The 
vagueness    and    extravagancies    of 
this  school   brought  the   idea  into 
discredit,  and  the  remedy  applied 
by  Hegel,  to  put  a  logical  process  in 
the  place  of  fantastic  suggestions, 
ruined  it  utterly  in  the  eyes  of  the 
cultivators  of  exact  research.    Only 
very  few  of  the  great  students  of 
organic   development,    but   among 
them   the   greatest,  von    Baer,   re- 
tained  a  just   appreciation  of   the 
great  aim«  of  Schelling.    The  ^tudy 
j   of  development  abroad  was  almost 
I   entirely  limited  to  embryology.    In 
other  sciences  the  "  statical "  aspect 
!   ruled  supreme.     In  the  face  of  this 
1  somewhat     retrograde     movement 


In  the  second  chapter  of  this  volume,  which  treated  of       48. 

(leneticview 

the  physical  view  of  nature,  and  developed  the  various  ^f^^J^^^^" 
ideas  which  cluster  around  the  term  "  energy,"  I  showed  ^^I'^f/try'!^ 
how,  in  the  middle  of  the  century,  through  the  intro- 
duction of  these  ideas,  a  new  clue  was  gained  wherewith 
to  penetrate  the  connection  of  natural  phenomena  in 
time  and  space.  Before  that  time  the  conservation  of 
matter,  the  rule  that  matter  can  neither  be  lost  nor 
created,  guided  research  by  trying  to  account  for  the 
apparent  loss  or  gain  of  matter  whenever  and  wherever 
changes  take  place  in  the  material  world.  The  science 
of  chemistry  with  its  instrument  the  balance  was  built 
on  the  foundation  of  this  axiom.  When,  through  the 
labours  of  Mayer,  Helmholtz,  and  Joule,  the  further 
axiom  became  established  that,  besides  matter,  there 
exists  in  the  material  universe  a  second  quantity  (or 
substance)  termed  "  energy,"  which,  like  matter,  can  be 
changed,  but  which,  like  matter,  can  neither  be  created 
nor  annihilated,  the  questions  began  to  be  asked,  "  If  we 


abroad,  the  merit  of  Mr  Spencer 
in  urging  the  "  dynamical  "  aspect 
long  before  the  '  Origin  of  Species  ' 
put  forward  a  definite  mechanical 
agency  is  so  much  greater,  and  he 
liimself  says  ('  Factors  of  (Jrganic 
Evolution,'  p.  5):  "Of  the  few 
.  .  .  who,  espousing  the  belief  in 
a  continuous  evolution,  bad  to  ac- 
•count  for  this  evolution,  it  must  be 
said  that  though  the  cause  assigned 
(viz.,  the  modification  of  structures 
resulting  from  modification  of  func- 
tions) was  a  true  cause,  ...  it 
left  unexplained  the  greater  part 
of  the  facts.  Having  been  myself 
one  of  these  few,  I  look  back  with 
surprise  at  the  way  in  which  the 
facts  which  were  congruous  with 
the  espoused  view  monopolised  con- 


sciousness and  kept  out  the  facts 
which  were  incongruous  with  it — 
conspicuous  though  many  of  them 
were."  Mr  Spencer  was  also 
probably  the  first  who  defined  in 
mechanical  terms,  applicable  to 
cosmical,  lifeless,  and  living  pheno- 
mena alike,  the  process  of  develop- 
ment, adopting  the  term  evolution. 
This  fitting  of  the  process  of  or- 
ganic ilevelopment  into  the  general 
formula  of  evolution,  and  the  sub- 
sequent announcement  by  Darwin 
of  the  mechanicjil  agency  of  over- 
crowding and  selection,  has  had 
the  effect  of  strengthening  im- 
mensely the  genetic  view  of  nature, 
but  also  of  obscuring  and  pushing 
into  the  background  the  special 
problem  of  life. 
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receive   energy,  where  does  it  come  from  ?    if   we  lose 
energy,  where  does  it  go  to  ? "     It  was  recognised  that 
the  great  store  of  energ}^  on  which  we  at  present  depend 
is  the  heat  of  the  sun,  which  is  partly  used  or  wasted  by 
daily  radiation,  partly  stored  in  the  separated  energies 
of  chemical  substances,  such  as  were  produced  by  the 
agency   of  solar  heat   in  bygone  ages;   the  deposits  of 
coal    in    the    bowels    of    the   earth    being  a  prominent 
and  important  example.     Where  does  the  heat  of  the 
sun  come  from,  and  how  is  it  maintained  ?     These  were 
some  of  the  questions  which  began  to  be  asked.     The 
genesis  of  the  cosmos,  as  suggested  by  Laplace  and  fanci- 
fully elaborated  by  popular  writers,  had  taken  note  only 
of  the  matter  in  the  sun  and  in  the  planetary  system, 
and  had  disregarded  the  heat  ^  or  energy  which  the  sun 
supplied,  and  on  which  the  historical  changes  on  the  sur- 
face of  our  globe  have  almost  entirely  depended.     "  But 
physical  laws  are  for  our  mental  vision,"  as  Helmholtz 
says,  "  like  telescopes  which  penetrate  into  the  farthest 
night  of  the  past  and  the  future'."  -     Shortly  before  the 
pioneers  of  the  mechanical  theory  of  heat  published  their 


1  "  When  Playfair  (in  his  '  Illus- 
trations  of  the  Huttonian  Theory  ') 
spoke  of  the  planetary  bodies  as 
being  perpetual  in  their  motion, 
did  it  not  occur  to  him  to  ask, 
What  about  the  sun's  heat?  Is 
the  sun  a  miraculous  body  ordered 
to  give  out  heat  and  to  shine  for 
ever  ?  "  (Lord  Kelvin  in  1868,  "  On 
Geological  Time,"  'Popular  Lec- 
tures and  Addresses,' vol.  ii.  p.  45.) 
*'The  old  nebular  hypothesis  sup- 
poses the  solar  system  and  other 
similar  systems  through  the  uni- 
verse which  we  see  at  a  distance  as 
stars  to  have  originated  in  the  con- 


densation of  fiery  nebulous  matter. 
This  hypothesis  was  invented  be- 
fore the  discovery  of  thermodyna- 
mics, or  the  nebulae  would  not  have 
been  supposed  to  be  fiery  ;  and  the 
idea  seems  never  to  have  occurred 
to  any  of  its  inventors  or  early 
supporters  that  the  matter,  the 
condensation  of  which  they  sup- 
posed to  constitute  the  sun  and 
stars,  could  have  been  other  than 
fiery  in  the  beginning"  (id.,  1871, 
ibid.,  vol.  i.  p.   184). 

^  See  '  Vortrage   und  Reden,'  S 
Aufl.,  vol.  i.  p.   57. 


49. 
Tlie  heat  of 


first  theoretical  and  experimental  essays,  experiments  had 
already  been  made  by  Sir  John  Herschel  at  the  Cape, 
and  independently  by  Pouillet  in  France,  with  the  object 
of  measuring  the  annual  expenditure  of  heat  by  the 
sun.  They  had  found  it  to  be  an  enormous  quantity.^  the  sun 
They  represented  it  popularly  by  the  thickness  of  a  crust 
of  ice  on  the  surface  of  the  earth,  which  the  heat  radiated 
annually  by  the  sun  would  be  able  to  melt,  and  they 
found  this  to  be  about  30  metres  or  100  feet.  Mayer 
was  the  first  who  seems  to  have  put  the  question 
definitely :  How  is  this  enormous  expenditure  of  heat 
defrayed,  which  would,  if  not  in  some  way  compensated, 
have  resulted,  even  in  historical  times,  in  a  great  lower- 
ing of  the  temperature  of  the  sun,  and  hence  also  of  that 
on  the  surface  of  our  globe,  such  as  is  contradicted  by  all 
historical  evidence  ?  The  answer  which  Mayer  gave  to 
this  question  was  based  upon  an  application  of  his  con- 
ception of  the  equivalence  of  heat  and  the  energy  of 
mechanical  motion.  As  the  sun,  according  to  the  cos- 
mogonic  hypothesis  ^  of  Laplace,  was  originally  formed  by 


^  These  measurements  were  made 
in  1837,  and  very  nearly  agreed. 
The  resulting  figures  can,  of  course, 
only  be  considered  as  rough  ap- 
proximations :  they  have  been  con- 
siderably increased  by  more  recent 
observations.  See  A.  Beiry,  ' A 
Short  History  of  Astronomy,'  p. 
397. 

-  It  does  not  appear  that  Mayer 
brought  his  "meteoric"  hypothesis 
of  the  generation  and  maintenance 
of  the  heat  of  the  sun  into  connec- 
tion with  the  nebular  hypothesis  of 
Kant  and  Laplace.  In  fact,  in  his 
first  mention  of  it  in  his  com- 
munication to  the  Paris  Academy 
in  1846  he  says  simply  :   "En  con- 


siderant  le  grand  nombre  que 
nous  voyons,  comme  bolides  ou 
^toiles  tombantes,  nous  ne  pouvons 
pas  doubter  qu'a  tout  moment  des 
myriades  d'asteroides  semblables  a 
une  grele  epaisse  se  jettent  dans 
tous  les  sens  sur  le  soleil  oil  ils 
perdeiit  la  force  vive  de  leur  mouve- 
ment"  (Mayer's  'Schriften  und 
Briefe,'  p.  264) ;  and  M.  Faye  re- 
marks that  the  fact  that  Mayer's 
ideas  are  opposed  to  Laplace's  theory 
of  the  origin  of  the  solar  system 
explains  how  it  came  about  that 
his  theories  were  never  reported  on 
or  explicitly  mentioned.  Leverrier 
also  seems  to  have  ridiculed  the 
meteoric   hypothesis,   according  to 
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the  feathering  up  of  cosmical  matter  which,  under  the 
force  of  gravitation,  was  in  rapid  motion — so  the  heat  of 
tlie  sun  originated  through  the  conversion  of  the  energy 
of  this  arrested  motion  into  heat.  This  process  of  gather- 
ing up  of  cosmical  or  meteoric  matter  is  still  going  on, 
and  it  makes  up  for  the  loss  or  expenditure  of  solar  heat 
throucrh  radiation.  Helmholtz,  in  the  sequel  of  his 
investigation  into  the  conservation  of  energy,  likewise 
takes  up  this  problem,  and  while  admitting  to  some 
extent  Mayer's  theory,^  shows  that  even  without  the 
accession  of  cosmical  matter,  the  mere  contraction  through 
crravitation  of  the  sraseous  substances  of  the  sun  would 
result  in  a  continual  production  of  heat.  His  calcula- 
tions show  that  the  amount  of  this  contraction,  resulting 
in  a  diminution  of  the  sun's  apparent  diameter,  would  not 
be  great  enough  to  be  perceptible  during  historic  ages. 
The  theorv  of  Helmholtz  has  in  general  been  accepted  as 


which  the  sun's  heat  was  kept  up 
by  breakfasting  and  dining  on 
nieteorites.  (See  Wolf,  '  Handbuch 
der  Astronomie,'  vol.  ii.  p.  433.)  It 
is  on  the  other  side  equally  interest- 
ing to  see  how  Herbert  Spencer,  for 
whom  the  nebular  hypothesis  was 
a  principal  example  of  cosmic 
evolution,  failed  to  avail  himself 
of  the  strengthening  support  it  re- 
ceived through  thermodynamics  (see 
'  Essavs.'  vol.  i.,  "On  the  Nebular 
Hypothesis,"  1858).  Had  Mayer 
brought  his  ideas  into  connection 
with  Laplace's  cosmogony,  he  prob- 
ably would  have  hit  upon  the 
correcter  version,  the  contraction 
theory,  which  it  was  reserved  for 
Helmholtz  to  propound  in  1854. 

^  The  subject  was  about  the  same 
time  taken  up  by  William  Thomson 
(Lord  Kelvin),  first  in  a  paper  "  On 


the  Mechanical  Energies  of  the 
Solar  System  "  (Trans.  Edin.  Roy. 
Sdc,  1854),  and  continued  in  a 
series  of  papers  and  addresses, 
reprinted  in  his  mathematical,  kc  , 
paf)ers  (vol.  ii.)  in  the  1st  volume 
of  his  'Popular  Addresses,'  and  in 
an  appendix  to  Thomson  and  Tait's 
'  Natural  Philosophy.'  He  shows 
that  the  form  of  the  meteoric  theory 
propounded  by  Mayer,  and  inde- 
peudentlv  by'  Wa'terston  (Brit. 
Assoc,  1853)*^  is  as  little  able  to 
explain  the  maintenance  of  the 
sun's  heat  through  known  historic 
a^es  as  the  chemical  theory  of  com- 
bustion, which  was  already  aban- 
doned by  Mayer  in  1846,  and  finally 
adopts  Helmholtz's  form  of  the 
meteoric  theory  as  the  most  likely. 
('  Pop.  Lect.,'  vol.  i.  p.  365.  &c.;  p. 
373.  &c.) 
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a  valid  explanation  of  the  maintenance  of  solar  heat.  In 
fact,  "  as  to  the  sun,  we  can  now  go  both  backwards  and 
forwards  in  his  history  upon  the  principles  of  Newton 

and  Joule."  ^ 

But  further  means  for  testing  the  correctness  of  these 
theories    were    afforded  by  the   invention,  in   1859,  of  ^"^^^^'^ 
Spectrum  Analysis.     It  was  found  that  the  composition 
of  the  light  of  luminous  bodies,  as  revealed  by  prismatic 
scattering  in  the  spectrum,  enabled  us  to  tell  a  good  deal 
al)0ut  the  nature  of  the  body  itself  from  which  the  light 
emanated.     We  can  tell  whether  the  body  is  shining 
with  its  own  or  with  reflected  light,  what  are  the  con- 
stituents  of   the   incandescent   body,  whether   it  is   an 
incandescent  solid  or  an  incandescent  gas ;  also  whether 
the  body  is  in  motion  or  not.     The  nebular  hypothesis 
supposed  that  the  planetary  system  owed  its  origin  to 
incandescent,  perhaps  gaseous,  matter,  which,  through  the 
force  of  attraction,  was  collected  in  different  centres  :  the 
discoveries  of  thermodynamics  and  of  spectroscopy  have 
enal)led  us  to  expand  and  correct  some  of  the  assump- 
tions of  this   theory,  and   to   add  new   features   to   its 
minuter  elaboration.      It  is  not  necessary  that  the  matter 
which  was  originally  scattered  through  space  and  was 
gatliered  into  attracting  centres  should  be  itself  incan- 
descent or  gaseous ;  it  may  have  been  cold  and  solid  like 
dust ;  rising  in  temperature  and   becoming  incandescent 
only  through  the  conversion  of  arrested  motion  into  heat, 
which  again  was  maintained  for  some  time  through  acces- 
sion of  new  matter  or  progressive  shrinkage,  but  which 
must  in  a  calculable  time  be  radiated  away,  leaving  a 

1  Lord  Kelvin,  loc.  ciU,  vol.  ii.  p.  131. 


360 


SCIENTIFIC   THOUGHT. 


ON   THE   GENETIC   VIEW   OF   NATURE. 


361 


cold,  heavy,  lifeless,  and  lightless  body  behind.^  The 
action  of  attractive  power  would  sometimes  reveal  the 
existence  of  cold  bodies,  with  specific  gravity  much  in 
excess  of  our  earth,  as  in  the  case  of  the  satellite  of 
Sirius,  and  the  spectroscope  would  reveal  clusters  of 
stars  or  nebulae  in  the  various  stages  of  development, 
such  as  the  nebular  hypothesis  suggested  as  making  up 
the  genetic  process  of  our  planetary  system.  Much 
uncertainty  and  much  conjecture  must  of  course  exist 
in  these  chapters  of  science,  which  those  who  are  in 
full  possession  of  the  accumulated  and  yet  very  im- 
perfect facts  may  venture  to  elaborate  in  a  more  or 
less  plausible  or  fanciful  manner.  Such  attempts  to 
51.  write  the  history  of  the  universe  have  been  made  in 
thTcosmw  an  original  fashion  by  M.  Faye  in  France^  and  Sir 
Lockyer.      Normau   Lockycr  ^    in   this   country.     They   have  tried 


to  do  what  Professor  Haeckel  has  done  in  the  more  re- 
stricted field  of  the  history  of  the  living  creation.  Whilst 
these  attempts  are  by  many  scientific  authorities  con- 


^  See  Helmholtz,  *  Vortriige  und 
Reden,'  vol.  ii.,  3rd  ed.,  p.  88,  &c. 

2  '  Sur  I'Origine  du  Monde.'  2nd 
ed.,  Paris,  1885.  The  author, 
finding  the  celebrated  cosmogonic 
hypothesis  of  Laplace  in  "full 
contradiction "  with  the  actual 
state  of  science,  takes  up  an  original 
theory  of  Descartes,  that  of  vortices, 
in  order  to  characterise  not  the 
actual,  but  the  initial,  stage  of  the 
solar  system  (see  Preface) :  "  Autre- 
fois, je  veux  dire  il  y  a  une  vingt- 
aine  d'annees,  on  avait  les  coudees 
f ranches  pour  imaginer  un  systeme 
cosmogonique  :  il  suffisait  de  I'ac- 
commoder  aux  notions  contem- 
poraines  d'Astronomie  solaire  et 
de  mecanique  celeste.  II  n'en  est 
plus  de  meme  aujourd'hui,  car  la 
thermodynamique  assigne  k  notre 
Soleil  une  provision  limitee  de 
chaleur,  I'Analyse  spectrale  nous 
revele  la  constitution  intime  des 
astres  les  plus  eloignes,  et  la  pale- 


ontologie  nous  fait  remonter  ii  des 
epoques  oh  il  n'y  avait,  sur  notre 
globe,  ni  saisons,  ni  climats." 

^  Whereas  M.  Faye  has  ingen- 
iously modified  the  original  and 
older  nebular  hypothesis  so  as  to 
account  for  the  anomalies  in  the 
movement  of  some  of  the  members 
of  our  planetary  system,  which 
were  unknown  or  unexplained  in 
Laplace's  time,  and  has  tried  to 
account  for  the  phenomena  of  loss 
and  supply  of  heat  which  thermody- 
namical  theory  and  pal?eontological 
records  reveal,  Sir  Norman  Lockyer 
has  during  more  than  thirty  years 
been  occupied  with  the  elaboration 
of  a  special  theory  which  tries  to 
harmonise  the  revelations  of  the 
spectroscope  as  to  the  chemical 
constitution  of  the  sun  and  other 
stars  with  the  more  recent  develop- 
ments of  the  atomic  theory  as 
suggested  by  chemical  and  electrical 
phenomena  observed  in  our  labora- 


tories. His  speculations,  based 
upon  his  own  observations  as  well 
as  those  of  many  other  European 
and  American  authorities,  such  as 
Secchi,  Dumas,  Kayser  and  Runge, 
Rutherford,  Rowland,  Young,  and, 
above  all,  of  Sir  W.  Crookes  and 
the  late  Professor  Preston, — all  of 
which,  as  well  as  many  others,  he 
generously  quotes, — were  given  in 
three  works  '  The  Chemistry  of  the 
Sun  '  (1887),  '  The  Meteoritic  Hy- 
pothesis '  (1890),  and  'The  Sun's 
Place  in  Nature'  (1897).  He  has 
latterly  collected  the  whole  evidence 
in  a  brilliant  and  fascinating  volume 
entitled  'Inorganic  Evolution  as 
studied  by  Spectrum  Analysis ' 
(1900).  The  central  idea  contained 
in  these  books,  and  elaborated  with 
increasing  detail  and  clearness,  was 
suggested  as  early  as  1873,  when 
Sir  N.  Lockyer  pointed  out  "that 
many  of  the  difficulties  would 
vanish  if  it  were  conceded  that 
the  '  atoins '  of  the  chemist  were 
broken  up  or  dissociated  into  finer 
forms  by  the  high  temperatures 
employed  in  the  new  method  of 
investigation"  ('Inorg.  Evol.,'  p. 
73).  This  "  dissociation  "  hypothe- 
sis has  been  much  criticised,  and 
can  only  be  firmly  established  by 
patient  and  prolonged  research  in 
that  borderland  which  unites 
chemistry  and  astronomy.  As  the 
author  says  :  *'  The  chemist  has 
little  interest  in  an  appeal  to 
celestial  phenomena,  and  astrono- 
mers do  not  generally  concern 
themselves  with  chemistry.  The 
region  investigated  by  the  chemist 
is  a  low  temperature  region, 
dominated  by  monatomic  and  poly- 
atomic molecules.  The  region  I 
have  chiefly  investigated  is  a  high 
temperature  region,  in  which  mer- 


cury gives  us  the  same  phenomena 
as  manganese.  In  short,  the 
changes  with  which  spectrum  analy- 
sis has  to  do  take  place  at  a  far 
higher  temperature  level  than  that 
employed  in  ordinary  chemical 
work."  It  is  well  to  note  that 
during  and  since  the  time  when 
the  dissociation  hypothesis  was  first 
prominently  put  forward  researches 
conducted  on  entirely  diSerent 
lines  have  led  to  similar  views — 
i.e.,  to  a  further  elaboration  of 
the  atomic  hypothesis.  M.  Berthe- 
lot  wrote  in  1880  :  "  L'etude  ap- 
profondie  des  propriet^s  physiques 
et  chimiques  des  masses  elemen- 
taires,  qui  constituent  nos  corps 
simples  actuels,  tend  chaque  jour 
d'avantage  a  les  assimiler,  non  a 
des  atomes  indivisibles,  homogenes 
et  susceptibles  d'eprouver  seule- 
ment  des  mouvements  d'ensemble 
.  .  .  il  est  difficile  d'imaginer  un 
mot  et  une  notion  plus  contraires 
b,  I'observation  ;  mais  a  des  edifices 
fort  complexes,  doues  d'une  archi- 
tecture specifique  et  animes  de 
mouvements  intestins  tres  varies  " 
(quoted  in  '  Inorg.  Evol.,'  p.  28). 
The  first  chemical  confirmation  of 
the  dissociation  hypothesis  came 
in  1883  through  the  "beautiful 
researches  on  the  rare  earth  Yttria," 
contained  in  Sir  Wm.  Crookes's 
Baker ian  Lecture  to  the  Royal 
Society.  "  In  the  lectures  he  gave 
a  sketch  of  the  train  of  reasoning 
by  which  he  had  been  led  to  the 
opinion  that  .  .  .  this  stable  mole- 
cular group  had  been  (by  a  process 
termed  'fractionation ')  split  up  into 
its  constituents  "  (ibid.,  p.  116) ;  and 
already,  in  1879,  Sir  Wm.  Crookes 
had  provisionally  accepted  the 
"dissociation"  hypothesis  (p.  74). 
Anomalies    also     in     the    periodic 
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sidered  to  be  premature,^  they  have  contributed  much  to 
impress  on  the  thought  of  our  age  the  genetic  or 
developmental  view  on  a  large  as  well  as  on  a  minute 
scale. 


law   of  Mendeleef  were  explained 
loy  utilising  this  hypothesis  (p.  165), 
and  in  the  sequelother  authorities,    1 
such  as  Brodie  and  Rydberg,    ex- 
pressed   themselves   in    the    same 
sense  (p.   164).     These,  and    quite 
recently    the   electrical    researches 
of  Prof.   J.  J.   Thomson    (referred 
to  supra,  p.  192),  support  the  view, 
originally    suggested    in    a   cruder 
f(.rm  by  Prout,  that  what  we  call 
elements  are  really  compounds  or 
aggregations  or  complexes,  built  up 
"from  similar  particles  associated 
with   the  presence  of   electricity" 
(•  Inorg.  Evol.,'  pp.  167,  190  ;  also 
J.  .J.  Thomson,  'Discharge  of  Elec- 
tricity through  Gases,'  p.  198  sqq.) 
1  It  would  1)6  unfair  not  to  state 
that  many  works  on  astronomy  are 
still    written  in  which  all    genetic 
hviwtheses  are  left  out,  the  "  stat- 
ical"   view    being    still    the    pre- 
dominant one.     Especially  in  Ger- 
many,  it   seems   as   if  "inorganic 
evolution "   is   not    very    popular ; 
though  a  large  amount  of  the  best 
■work  in  spectrum  analysis  of   the 
stars  has  been  done  there  by  H.  C. 
Yogel,  Kayser  and  Runge,  Scheiner, 
and  many  others.     Dr  Scheiner,  in 
his  valua*V)le  work  (translated  with 
the    title    '  A   Treatise   on    Astro- 
nomical   Spe'ctroscopy,'    by    Prof. 
Frost  of  Dartmouth  College,  U.S.A., 
18.^4),   has   some  important    criti- 
cisms   on    hypotheses    and     solar 
theoi-ies  (see  Preface,  and  the  dis- 
cussion of  the  Meteoritic  Hypothesis 
in    the   German  edition,    Part   II. 
cliap.  i. )    In  his  '  Bau  des  Weltalls  ' 
(Leipzig,   1901)  genetic   views   are 
not    discussed.      The    older    very 
valuable  works  of  R.  Wolf  ('  Gesch. 
d.    Astronomie.'  1877,   '  Handbuch 
der  Astronomie,'  2  vols.,  1890-92) 


give     only     slight     attention     to 
"  genetics,"  and  consider  even  the 
"statics  "  of  the  universe  though  a 
possible  yet  a  difficult  problem  (see 
the  last-named  work,  §§  298,  299). 
The  latest  and  excellent  '  History 
of    Astronomy,'   by    Mr   A.    Berry 
(1898),  is  likewise   reticent  about 
the  evolution  of  the  universe,  ad- 
mitting only  a  general,  fairly  well- 
founded  presumption  in  favour  of 
a    modified  nebular  hypothesis  (p. 
409).       It     would,     therefore,    be 
doubtful    whether     a     history     of 
science  should,  at  the  end   of  the 
nineteenth  century,  give  much  room 
to  these  modern  genetic  theories  in 
astronomy.     It  is  different  with  a 
history  oi  scientific  thought.     H ow- 
ever   premature   and   venturesome 
it  may  appear  to  purists  in  science 
to  elaborate  such  hypotheses,  there 
is  no  doubt  that  the  genetic  argu- 
ments and  lines  of  reasoning  have 
got   a   firm    hold    of    mJtny    great 
thinkers    in    the    physics    of    the 
universe  as  well  as  in  biology,  and 
that   the   genetic    view   of    nature 
in  general  has  received  very  strong 
support    from    the    several    trains 
of    reasoning   and   the   rapidly  in- 
creasing  revelations    of    spectrum 
analysis  of  cosmical  and  terrestrial 
objects,    as   set    forth    in    Sir   N. 
Lockver's      interesting      volumes. 
Alreadv    thirty    years    ago     Lord 
Kelvin"  said   of   the   spectroscope  : 
"  It  is  not  merely   the   chemistry 
of  sun  and  stars,  as  first  suggested, 
that  is  subjected  to  analysis  by  the 
spectroscope.     Their  whole  laws  of 
being   are  now  subjects  of   direct 
investigation  ;  and  already  we  have 
glimpses  of  their  evolutional  history 
through  the  stupendous   power  of 
this  most  subtle  and  delicate  test. 


8108. 


It  is  intelligible  that  these  different  lines  in  the 
genetic  view  of  nature — the  different  trains  of  reason- 
ing which,  in  the  course  of  our  century,  have  started 
independently  in  astronomy,  in  geology,  and  in  natural  52. 
history — should,  as  they  develop  and  expand,  come  into  J;^^^  ^""^ 
contact,  and  in  the  event  either  support  or  invalidate 
each  other.  The  former  was  the  case  when  the  geological 
record,  the  discoveries  of  palaeontology,  were  brought  in 
to  throw  light  on  the  history  and  development  of  species  ; 
the  stories  of  nature,  as  written  from  the  point  of  view 
of  the  embryologist,  the  systematic  zoologist  and  botanist, 
and  the  palaeontologist,  seemed  more  and  more  to  confirm 
and  support  each  other.  The  same  cannot  be  said  if  we 
write  the  history  of  our  earth  from  the  point  of  view  of 
the  geological  record  on  the  one  side  and  from  that  of 
the  purely  physical  data  afforded  by  thermodynamics 
on  the  other.     Lord  Kelvin  has  shown  ^  that  the  untold 
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We  had  only  solar  and  stellar 
chemistry  ;  we  now  have  solar  and 
stellar  physiology  "  (Presid.  Address, 
Brit.  Assoc,  1871.  See  'Popular 
Lectures  and  Addresses,'  vol.  ii.  p. 
180). 

^  The  literature  of  the  subject 
begins  with  Lord  Kelvin's  Address 
ti'  the  Geological  Society  of  Glas- 
gow, February  27,  1868,  which'had 
been  preceded  by  a  paper  read  be- 
fore the  Royal  Society  of  Edinburgh 
in  1865,  briefly  refuting  the  "  Doc- 
trine of  Uniformity  in  Geology." 
The  address  began  with  the  words  : 
"  A  great  reform  in  geological 
speculation  seems  now  to  have  be- 
come necessary,''  and  in  the  sequel 
stated  :  "  It  is  quite  certain  that  a 
great  mistake  has  been  made — that 
British  popular  geology  at  the  pre- 
sent time  iis  in  direct  opposition 
to  the  principles  of  natural  philo- 


sophy." These  papers  are  reprinted 
in  the  2nd  vol.  of  '  Popular  Lec- 
tures and  Addresses '  (see  pp.  10 
and  44).  The  attack  was  taken 
up  by  Huxley  in  his  Address  to 
the  Geological  Society  for  1869, 
reprinted  in  '  Lay  Sermons,'  &c., 
1891,  p.  198.  In  a  rejoinder  to 
this,  delivered  in  the  same  year 
at  Glasgow  {loc.  ciL,  p.  73),  Lord 
Kelvin  shows  how  the  current 
geology  was  in  the  habit  of  look- 
ing upon  geological  time  as  "an 
element  to  which  we  can  set  no 
bounds  in  the  past  any  more  than 
we  know  of  its  limits  in  the  future  " 
(quoted  from  Page's  '  Text-book  '), 
thjit  Darwin's  arguments  themselves 
involve  an  almost  unlimited  dura- 
tion of  the  conditions  admitting  of 
the  operation  of  natural  selection, 
since,  in  his  view,  "  in  all  probability 
a  far  longer  period  than  300  million 
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Dissipation 
of  energy. 


acres  with  which  geologists,  since  the  time  of  Lyell,  have 
been  accustomed  to  reckon,  are  not  supported  by  our 
present  knowledge  of  the  periods  during  which  the  so- 
called  secular  cooling  of  the  earth  has  been  going  for- 
ward  the  period  which  has  elapsed  since  the  ''  consis- 

tentior  status "  of  Leibniz  set  in.  He  has  thus  put 
before  natural  philosophers  a  problem — the  reconcilia- 
tion of  the  geological  and  the  thermophysical  record- 
in  which  the  genetic  view  of  nature  must  be  greatly 
interested.  But  even  more  important  than  all  this  is 
the  doctrine  of  the  dissipation  of  energy,  referred  to  in 
the  second  chapter  of  this  volume— a  doctrine  of  which 


years  has  elapsed  since  the  latter 
part    of     the    secondary     period" 
( '  Origin  of  Species,'  1st  ed. ,  p.  287). 
He  shows  that  Hutton  and  the  uni- 
fonuitarians  were  misled  by  a  be- 
lief ill  the  so-called  stability  of  the 
solar  system,  which  took  no  notice 
of  the  efifect  of  tidal  friction,  nor 
of  the  phenomena  of  radiation  and 
cooling  in  the  past,  still  less  of  the 
law  of  dissipation  of  energy,  and 
maintains  that  the  modern  ideas  of 
evolution  are  in  a  sense  a  return  to 
the  older   conceptions  of  Leibniz, 
Newton,    and    other    more    recent 
geologists  {loc.  cit.,  p.  111).     Since 
the    subject     was     thus     brought 
prominently  forward,  astronomers, 
physicists,  and  geologists  have  not 
only— as  Huxley  expected  them  to 
do  (see '  American  Addresses,'  1886, 
p.  93)— adduced  arguments  in  order 
to  arrive  at  an  approximate  idea 
how  long  the  earth  may  have  been 
able  to  maintain  organic  life,  but 
biologists  have  been  induced  to  re- 
vise the  postulates  of  the  extreme 
— almost  infinite — slowness,  and  of 
the  uniform  continuity  of  organic 
changes,  originally  contained  in  the 
Darwinian  theory.      The  influence 
of  these  researches  upon  biological 


and  genetic  reasoning  has  been  to 
emphasise  the  sudden  changes,  the 
ruptures  in  the  continuity  of  de- 
velopment.     In  England  the  great 
work     of     Mr     William     Bateson 
(•  Materials  for  the  Study  of  Varia- 
tions,'   1894)    has    familiarised    us 
with  the  idea  of  "  Iliscoutijjnity  " 
in  the  origin  of   species.     On  the 
Continent  the  rapid  or  even  sud- 
den appearance  of  variations  is  not 
a   new   idea,    though    the   original 
suggestion    of    Maupertuis    (1748), 
which  was  taken  up  and  elaborated 
by  Geolfroy  St  Hiiaire  (see  Yves 
Delage.   '  L'Heredite,' p.  291),  was 
forgotten.       In  quite  recent  years 
the  reconciliation  of  the  "persist- 
ence of  species  "  with  their  "  varia- 
bility," and   of   the    "geological" 
with  the  "  biological  "  records,  has 
been  much  furthered  by  the  theory 
of  "Mutation"  of   the  celebrated 
Dutch  botanist  de  Vries.     His  view 
is  that  "every  species  has  its  be- 
ginning and  its  end  ;  it  behaves  in 
this  way  like  an  individual."    He  re- 
fers to  the  experiments  on  heredity 
and  crossing  of  butterflies  of  Stand - 
fuss,  who  has  been  led  to  maintain 
the   existence   of   sudden  or   "ex- 
plosive "  transformations ;    and  he 
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the  mechanical  and  cosmical  importance  was  clearly  fore- 
seen by  Lord  Kelvin  in  1852,  but  which  is  hardly 
assimilated  yet  by  scientific,  much  less  by  popular, 
thought. 

The  two  doctrines  of  the  conservation  of  matter  and 
of  energy  would  lead  to  the  idea  that  nature  is  a  kind 
of  perpehmm  mobile^  nothing  in  the  way  of  matter  or 
energy  being  lost ;  and  that  such  a  reversal  of  her  pro- 
cesses is  possible  as  we  are  accustomed  to  deal  with  in 
purely  mechanical  contrivances.  But  a  closer  examina- 
tion of  the  processes  of  nature,  as  distinguished  from 
those    of    artificial    machines,    revealed    the    fact    that, 
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speaks  of  "  periods  of  mutation" — 
i.e.,  of  rapid  change  of  species,  of 
which  he  gives  various  instances. 
He  concludes  that  "  as  many  steps 
as  the  organisation  has  taken  since 
the  beginning,  so  many  periods  of 
'  mutation  '  must  have  existed." 
He  considers  the  vital  processes  to 
be  built  up  out  of  "units."  "  Of 
such  units  there  are  probably  in 
the  higher  plants  several  thousands, 
and  their  ancestors  must  have  run 
through  as  many  periods  of  mu- 
tation." He  concludes  with  the 
following  words:  "Although  such 
calculations  are  naturally  exposed 
to  much  criticism,  they  neverthe- 
less lead  on  very  different  roads  to 
identical  results.  Lord  Kelvin, 
who  a  few  years  ago  collected  and 
examined  critically  the  various  data 
referring  to  this  subject,  arrives  at 
the  conclusion  that  provisionally, 
and  with  all  reservations,  the  dura- 
tion of  life  on  the  earth  can  be 
placed  at  24  millions  of  years.  We 
accordingly  take  this  figure  for  our 
biochronic  equation.  And  as  we 
can  with  great  probability  estimate 
the  number  of  elementary  pro- 
perties in  one  of  the  higher  plants 


at  some  thousands,  it  follows  that 
the  interval  of  time  between  two 
periods  of  mutation  must  have 
lasted  several  thousands  of  years." 
(See  de  Vries's  Address  to  the  Ger- 
man Assoc,  of  Science  at  Hf.mburg 
in  1891,  '  Verhandelungen,'  &c.,  p. 
202,  &c.  ;  also  Lord  Kelvin  (Phil. 
Mag.  (5.)  47,  p.  66).  Mr  Wallace 
has,  from  an  entirely  different  point 
of  view,  been  led  to  the  conclusion 
that  "  certain  definite  portions  of 
man's  intellectual  and  moral  nature 
could  not  have  been  developed  by 
variation  and  natural  selection  alone, 
and  that,  therefore,  some  other  in- 
fluence, law,  or  agency  is  required 
to  account  for  them."  This  would 
account  for  an  apparent,  though 
perhaps  not  an  actual,  break  in  the 
continuity  of  all  natural  processes, 
which,  in  the  dictum  natura  non 
facit  saltum,  has  received  a  very 
general  expression  and  acceptance. 
This  dictum — supported  by  the 
authority  of  Leibniz — is,  however, 
by  some  modern  thinkers  de- 
nounced as  a  scholastic  and  anti- 
quated aphorism.  (See  Yves 
Delage,  'L'Heredite,'  &c.,  p.  266.) 
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54. 

Mystery  of 
the  actual 
urocesses  of 
nature. 


though  matter  and  energy  be  indestructible,  the  succes- 
sion of  phenomena,  the  changes  and  processes  which  we 
call  the  genesis  or  history  of  things,  are  dependent  on  the 
condition   in  which   energy  exists;  it   being    a  general 
tendency   for  energy  not  to  be  lost,  but  to  become  un- 
available ;  change  and  action,  the  life  of  things  every- 
where, depending  on  an  equalisation  of  existing  differ- 
ences,  say    of    level    or    temperature,   or    quicker    aad 
slower  motions.     This  great  property  of  natural,  as  dis- 
tinguished  from   purely   mechanical,  processes,  explains 
the  fact  that   the  processes  of  nature  are  irreversible, 
that  the  clock  cannot  be  turned  back,  that  everything 
moves  in  a  certain  direction.       Various  attempts  have 
been    made    to    explain    mechanically    this    remarkable 
property  of  all   natural   processes,  which  seems  to  lead 
us   to   the   conception   of    a   definite   beginning  and   to 
shadow  forth  a  possible  end — the  interval,  which  con- 
tains  the  life  or  history  of  nature,  being  occupied  with 
the  slow   but  inevitable   running  down   or  degradation 
of  the  great  store  of  energy   from  an  active  to  an  in- 
active or  unavailable  condition. 

This  doctrine  of  the  degradation  or  dissipation  of 
ener^'V  leads  us  one  step  farther  towards  an  understand- 
ing,  or  at  least  a  description,  of  the  processes  of  nature, 
but  also  of  their  mystery.  It  has  been  urged  that,  as 
we  always  only  deal  with  a  small  portion  of  existing 
things,  we  have  no  right  to  apply  conceptions  whicli  are 
based  upon  a  restricted  observation  to  the  totality  of 
things  in  the  universe.  For  instance,  we  know  nothing 
of  what  becomes  of  the  energy  radiated  away  into  empty 
space.     This  is  a  reflection   we  should  always  bear  in 


mind.  We  have  also  been  reminded  that  the  theories  of 
the  so-called  stability  of  the  planetary  system  which 
were  propounded  in  the  earlier  years  of  our  century, 
and  which  have  found  their  way  into  popular  treatises 
on  astronomy,  are  only  approximations.  On  the  other 
side,  we  have  daily  before  our  eyes  the  ever -recurring 
instances  of  the  building  up  and  running  down  of  natural 
forces  in  smaller  systems.  These  we  term  organisms,  the 
living  things  of  nature.  It  is  from  and  through  them 
that  we  first  learnt  to  look  upon  the  whole  of  nature 
as  having  a  history  and  a  life.  Imperceptibly  we  have 
been  led  to  study  life,  the  genesis  of  things,  on  the  large 
scale  and  in  the  abstract,  and  in  doing  so  have  lost  sight 
of  the  life  which  goes  on  around  and  near  us.  Both  the 
morphological  and  genetic  views  of  nature  started  with  a 
biological  interest,  but  have  gradually  lost  sight  of  it. 
It  is  time  to  come  back  to  it  and  to  see  what  real 
progress  has  been  made  during  our  century  in  the  study 
of  life  itself — the  truly  biological  view  of  nature.  This 
will  be  the  object  of  the  next  chapter. 
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CHAPTER  X. 

ON    THE   VITALISTIC    VIEW    OF    NATURE. 

In  the  foregoing  chapters,  where  I  have  treated  of  the 
several  distinct  aspects  of  nature  which  have  become 
helpful  in  science,  I  have  always  used  the  word  nature 
in  its  widest  sense  as  comprising  everything  which  is 
revealed  to  us  by  our  external  senses,  directly  or  in- 
directly. 

The  title  of  the  present  chapter  may  suggest  to  some 
of  my  readers  that  I  am  now  narrowing  down  the  mean- 
ing of   the  word,— the  vitalistic  view  of  nature   being 
possible   only  where  life  is  present.      The   astronomer 
might  say.  Life   is   only  known   to  exist  in  an  infini- 
tes'imally  small  portion  of  the  universe,  on  the  surface 
of  our  planet.     This  infinitesimal  area  has  nevertheless 
for  us   the   greatest  importance,   inasmuch   as   all   that 
we  know  of  the  larger  outlying  world  is  only  won  by 
inference  from  observations  made  in  this  restricted  por- 
tion.    Independently  of  this,  the  conception  of  life  itself 
has  always  fluctuated  between  the  two  extremes  of  con- 
sidering it  as  a  universal  property  of  all  matter,  or  on 
the  other  hand  as  quite  a  casual  and  accidental  occur- 
rence attached  to  conditions  which,  from  a  wider  point  of 


view,  are  extremely  rare  and  exceptional.     Between  these  ^^  ^i.^^. 
two  views,  the  cosmical  and  the  terrestrial,  the  wider  ^  ^^^"^^^^^^ 
and  the  narrower  views  of  life,  biological  theories  have  ''*^^'- 
fluctuated  even  in  our  century,  and  are  still  fluctuating^ 


\i 
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^  One  of  the  foremost  upholders 
of  the  wider  conception  of  anima- 
tion as  a  universal  property  of  all 
matter   is  the   celebrated   German 
naturalist.  Prof.  Ernst  Haeckel  of 
Jena.     See,  inter  alia^  his  Address 
"  Ueber  die  heutige  Entwickelungs- 
lehre  im  Verhiiltnisse  zur  Gesammt- 
wissenschaft,"    1876,    reprinted    in 
'Gesammelte    populiire   Vortriige,' 
&c.,  part  ii.,  Bonn,   1879,  p.    119: 
"The  recent  controversies  regard- 
ing the  properties  of  the   Atoms, 
which  we  must  accept  in  some  form 
or  other   as  the  ultimate  elemen- 
tary  factors   of    all    physical    and 
chemical  processes,  seem  to  be  most 
easily   settled   by   the    assumption 
that  these  smallest  particles  of  mass, 
as  centres  of  force,  possess  a  per- 
manent soul,  that   every  atom   is 
endowed   with   sensation   and   mo- 
tion," &c.,   p.    109:    "Arriving  at 
this    extreme     psychological     con- 
sequence of  our  monistic  doctrine 
of  development,  we  attach  ourselves 
to  those  ancient  conceptions  as  to 
the  animation  of  all  matter  which, 
in  the  philosophy   of   Democritus, 
Spinoza,  Bruno,  Leibniz,  Schopen- 
hauer,  have   already  found  varied 
expression."      The  cosmical  origin 
of  life  has  also  been  put  forward  by 
such  authorities  as  Helmholtz  and 
Lord  Kelvin,  as  long  ago  as  1871. 
(See  Helmholtz's  lecture  "On  the 
Origin  of  the  Planetary   System," 
*Popul.   Vortriige,'  &c.,  vol.    ii.   p. 
91,   and  Lord   Kelvin's   celebrated 
address  to  the  Brit.  Assoc,  at  Edin- 
burgh in  1871,  reprinted  in  '  Pop. 
Lects.,'  &c.,   vol.    ii.   p.   199,   &c.) 
This   theory   of   "Panspermia,"   of 
the  cosmical  or  ubiquitous  nature  of 
the  germs  of  life,  has  also  been  pro- 
posed by  biologists  such  as  H.  E. 

VOL.  II. 


Richter  (1865),  and  has  been  more 
fully  elaborated  by  Prof.  W.  Preyer 
since  the  year  1880  :  it  has  received 
further    support    in     the     genetic 
theories  of  the  chemical  elements 
and   compounds    put    forward    by 
him    in     1891    (*  Die    organischen 
Elemente    und    ihre    Stellung    im 
System,'  Wiesbaden),  and  in  1893 
('  Das  genetische  System  der  chem- 
ischen  Elemente,'  Berlin).     Of  the 
fourteen      elements      which      are 
common  to  organic  substances,  he 
says  (p.  49)  "that  they  belong  to 
the  oldest  elements";  that  "they 
admit  of    more  varied    relations," 
and    "agree  with   the   assumption 
that,  before  being  condensed  as  at 
present  on  the  surface  of  the  earth, 
they   formed    at   higher    tempera- 
tures    more     stable     protoplasms 
which  might  be  in  other  places  the 
carriers  of  life "  ;   and  he   has   no 
doubt  "that  there   existed   before 
the  present  terrestrial  phytoplasma 
and     zooplasma    another    plasma, 
which   ultimately   came   from    the 
sun  "  (p.  50).    In  fact,  Prof.  Preyer 
asks    whether,    instead    of    living 
being  evolved   from  dead   matter, 
the  latter  is  not  rather  a  product 
of  the  former.     See  also  the  refer- 
ence   to    organic    evolution    as    a 
cosmical  process  in  Sir  N.  Lockyer's 
'Inorganic    Evolution'     (1900,    p. 
168).     In  many  of  the  writings  of 
the    celebrated    German    physicist 
and    philosopher,    Gustav    Theod. 
Fechner,    the    fact    is    emphasised 
that  we  never  see  the  organic  de- 
veloped out  of  the  inorganic,  but 
that  everywhere  the  living  gener- 
ates not  only  the  living  but  more 
frequently     the     inanimate.      See 
Lasswitz,  'G.  T.   Fechner,'  Stutt- 
gart, 1896,  p.  130,  &c. 
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No  theory  of  the  nature  and  origin  of  life  has  gained 
universal  acceptance:  the  very  alphabet  of  biology,  or 
the  science  of  life,  has  still  to  be  written.  We  fancy 
we  possess  some  knowledge  of  certain  forms  or  processes 
which  are  common  to  all  living  matter,  but  the  descrip- 
tion of  these  has  to  be  kept  in  the  most  general,  not  to 
say  the  vaguest,  terms:  quite  unlike  the  rudiments  of 
other  scientific  theories  which  deal  with  mathematically 
defined  conceptions  expressed  in  distinct  language  and 

formuhe. 
2.  For  instance,  if  we  take  one  of  the  best  founded  of 

ofSS'cai  modern  biological  theories  — the  cellular  theory'  of 
theones.'  j-^-j^g  matter  —  we  notice  that  the  pretty  definite 
description  which  the  early  supporters  of  this  theory — 
Schleiden  and  Schwann— gave  of  this  morphological 
unit  of  vegetable  and  animal  structure  has  been  dis- 
placed   by   much   vaguer    descriptions.      Schleiden    and 


1  The  history  of  the  cellular 
theory  has  beeu  written  from  vari- 
ous points  of  view  in  all  the  three 
languages.  I  give  the  titles  of  a 
few  out  of  the  great  abundance 
of  excellent  treatises.  Foremost 
stands  the  work  of  Prof.  Oscar 
Hertwig  of  Berlin,  'The  Cell: 
Outlines  of  General  Anatomy  and 
Physiology.'  English  transl.  by 
Cam pbelf  (1895).  Then  there  is 
the  more  recent  book  by  Prof. 
Valentin  Hacker  of  Freiburg, 
•Praxis  und  Theorie  der  Zel- 
len-  und  Befruchtungslehre  '  (Jena, 
1899).  In  the  French  language 
we  have  the  great  compendium  of 
biological  theories  by  M.  Yves 
Delage,  *  La  Structure  du  Proto- 
plasma  et  les  Theories  sur  I'Her- 
edite. '  &c.  (Paris,  1 895).  In  English 
we  have  the  valuable  treatise  of 
Prof.     E.    B.    Wilson,     'The    Cell 


in  Development  and  Inheritance' 
(1896),  and  the  excellent  little  work 
of  Prof.  James  Arthur  Thomson, 
'The  Science  of  Life'  (1899).  Of 
high  importance  are  also  the  older 
works  of  the  great  master  and 
brilliant  expositor  in  biological 
science,  Claude  Bernard,  notably 
his  celebrated  lectures  entitled 
**Le9ons  sur  ies  Phenomenes  de  la 
vie  communs  aux  animaux  et  aux 
vegetaux"  (1878  and  1879),  which 
every  philosophical  student  •)f 
biology  should  read,  as  well  as  his 
excellent  posthumously  published 
little  work,  *  La  science  experi- 
mentale,'  1890.  Of  him  M.  Duma^ 
says  that  he  has  "  epuise  ses  forces  a 
I'etude  du  grand  mystere  de  la  vie, 
sans  pr^tendre  k  peuetrer  toutetois 
son  origine  et  son  essence"  ('Sci. 
Exper.,'  p.  6). 


Schwann  defined  the  cell  as  "  a  small  vesicle  with  a 
firm  membrane  enclosing  fiuid  content."  ^  But  the 
cellular  theory  was  gradually  replaced  by  the  proto- 
plasmic theory  of  Max  Schultze,  the  distinct  membrane 
was  found  to  be  frequently  absent,  and  there  only 
remained  "a  small  mass  of  protoplasm  endowed  with 
the  attributes  of  life."  The  cell,  which  had  once  been 
compared  to  a  crystal,  became  a  very  complicated  and 
indefinite  thing :  it  became,  in  the  conception  of 
biologists,  an  "organism."^  Further,  the  nucleus  or 
kernel  to  which  Schleiden  attached  great  importance 
in  his  cellular  theory  was,  for  a  while,  quite  lost  sight 
of — it  being  for  a  long  time  held  that  there  exist  iion- 
nucleated  cells.  Elaborate  theories,  such  as  that  of 
Haeckel,^  were   founded   upon    this    view,   till  in   more 


1  O.  Hertwig,  '  The  Cell,'  p.  5  n. 

-  Treatises  on  the  subject  now 
usually  begin  with  an  apology,  the 
word  cell  being  considered  mislead- 
ing. Thus  Hertwig  says  {loc.  cit., 
p.  8),  "  It  is  evident  that  the  term 
'cell'  is  incorrect.  That  it  has, 
nevertheless,  beeu  retained  may  be 
partly  ascribed  to  a  kind  of  loyalty 
to  the  vigorous  combatants  who 
conquered  the  whole  field  of  his- 
tology under  the  banner  of  the 
cell- theory,  and  partly  to  the  cir- 
cumstance that  the  discoveries 
which  brought  about  the  new  re- 
form were  only  made  by  degrees, 
and  were  not  generally  accepted  at 
a  time  when,  in  consequence  of  its 
having  been  used  for  several  de- 
cades, the  word  cell  had  taken 
firm  root  in  the  literature  of  the 
subject." 

^  "  Since,  in  consequence  of  the 
inadequacy  of  former  methods,  no 
nuclei  had  been  discovered  in  many 
of  the  lower  organisms,  the  exist- 
ence  of   two   kinds   of  elementary 


cells  was  assumed  —  more  simple 
ones,  consisting  only  of  a  mass  of 
protoplasm,  and  more  complex  ones, 
which  had  developed  in  their  in- 
terior a  special  organ,  the  nucleus. 
The  former  were  called  cytodes  by 
Haeckel  (1866),  to  the  simplest 
solitary  forms  of  which  he  gave  the 
name  of  Monera ;  the  latter  he 
called  cellulaj,  or  cvtes.  But  since 
then  the  aspect  of  the  question 
has  been  considerably  changed. 
Thanks  to  the  improvements  in 
optical  instruments  and  in  staining 
methods,  the  existence  of  organisms 
without  nuclei  is  now  nmch  ques- 
tioned." (Hertwig,  '  The  Cell,'  p. 
54.  See  also  Hiicker,  p.  239. )  Un 
the  other  side  M.  Delage  says 
(' L'Hereditc?,' p.  37),  '  Apres  avoir 
decouvert  un  noyau  chez  la  plupart 
des  moneres  et  des  cytodes  et 
meme  chez  les  Bacteries,  on  a,  par 
une  induction  a  mon  sens  un  peu 
htitive,  nie  I'existence  d'orgauismes 
sans  noyau." 
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recent  times,  owing  to  improvements  in  the  microscope, 
the  existence  of  organisms  without   nuclei  has  become 
doubtful.      To    complicate    matters    still    more,   to   the 
nucleus  have  been  added  the  nucleolus,  the  vacuoles,  the 
central  or  pole  corpuscles  of  the  cell,  &c.     It  is  quite 
evident  from  this  short  reference  to  the  changes  which 
the  definition  of  the  morphological  unit  of  living  matter 
has  undergone,  that  no  complete  and  accurate  descrip- 
tion lending  itself  to  measurement  and  calculation  could 
be    based    upon    it.     The    conception,  useful  as  it  may 
be,  has  therefore  not  permitted  of  predictions,  such  as 
mechanical,  physical,  and  even  chemical  science,  abound 
s.        in.     "  Has  one  ever,"  says  Delage,  "  in  a  single  instance 
bauy'of'pre-  diviucd  in  advance  the  least  of  those  structures  which 
the    microscope    has    unveiled  ?     Has    one   divined  the 
transverse  striation    of    muscles,    the    cilia   of   vibratile 
epithelia,    the   prolongations   of    nerve-cells,   the    action 
of  the  retina  or  the  arcades  of  Corti,  the  chromosomes 
of   the  nucleus,  the   centrosome  of   the   cytoplasma  ? "  ^ 
Or,  to  take  an  example  not  from  the  morphology  but 
from  the  physiology  of  organic    cellular   bodies.     It  is 
a  very  general  and  a  very  useful  property  of  cells  that 
they  readily  absorb  substances;    in  fact,  this   property 
is  one  of  the  most  valuable  aids  in  microscopic  exam- 


1  '  L'Heredite,'  &c.,  p.  746. 
Prof.  Weismann,  in  his  celebrated 
'  Essays  upon  Heredity '  (Engl. 
transl.  by  Poulton,  &c.,  p.  255), 
claims  for  the  theory  of  descent 
that  "  it  has  rendered  possible  the 
prediction  of  facts,  not  indeed  with 
the  absolute  certainty  of  calcula- 
tion, but  still  with  a  high  degree  of 
probability.  It  has  been  predicted 
that  man,' who,  in  the  adult  state, 


only  possesses  twelve  pairs  of  ribs, 
would  be  found  to  have  thirteen  or 
fourteen  in  the  embryonic  state; 
it  has  been  predicted  that,  at  this 
early  period  of  his  existence,  he 
would  possess  the  insignificant 
remnant  of  a  very  small  bone  in 
the  wrist,  the  so-called  os  centrales 
which  must  have  existed  in  the 
adult  condition  of  his  extremely 
remote  ancestors." 
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ination,  insomuch  as  the  different  behaviour  of  different 
parts   of    the    cellular    body    towards    organic    staining 
solutions  reveals  to  the  observer  differences  of  structure 
otherwise  indistinguishable.     Yet  Professor  Pfeffer,i  ^ho 
has  studied  the  absorbing  powers  of  cellular  substances 
with  much  care,  states   that  these  cannot  in  the  least 
be  foretold,   but  can   only   be   determined   empirically; 
nor   is   the  fact  that  cells  require  some  substances   for 
their    life,    while     others     are     harmful,    sufficient    to 
enable  us  to  predict   that   either    will    be  absorbed  or 
rejected.     Again,   hybridisation  has  been  much  studied 
by  gardeners  and  breeders,  and  also,  since  the  time  of 
Darwin,  by  naturalists ;  nevertheless,  the  result  of  cross- 
fertilisation  of  individuals  belonging  "  to  different  families 
or  species,  or  even  only  to  different  varieties,"  cannot  be 
theoretically   foretold,   but  "  can  only  be  discovered  by 
means  of  experiment."  ^ 

This  ignorance  in  which  we  are  still  placed  as  to  the 
forms  as  well  as  functions  of  living  matter,  has  been  a 
subject  of  much  comment  by  biologists  all  through  the 


1  See  W.  Pfeffer,  '  Ueber  Auf- 
nahme  von  Anihnfarben  in  lebende 
Zellen.'  Untersuchungen  aus  dem 
botanischen  Institut  zu  Tiibingen. 
Quoted  by  Hertwig,  'The  Cell,'  p. 

136. 

•^  Hertwig,  'The  Cell,'  p.  310. 
Another  point,  strongly  urged  by 
Claude  Bernard,  is,  that  a  knowledge 
of  structure  in  living  beings— i.e., 
anatomical  knowledge— in  no  wise 
suffices  to  explain  the  functions,  does 
not  lead  to  physiological  knowledge. 
See  '  La  Science  Exp^rimentale,  p. 
105,  "  L'impuissauce  de  I'anatomie  a 
nous  apprendre  les  fonctions  organ- 
iques  devient  surtout  evidente  dans 
les  cas    particuliers     oii   elle    est 


reduite  a  elle  -  meme.  Pour  les 
organes  sur  les  usages  desquels 
la  physiologic  experimentale  n'a 
encore  rien  dit,  I'anatomie  reste 
absolument  muette.  C'est  ce  qui 
a  lieu  par  exemple  pour  la  rate, 
les  capsules  surrenales,  le  corps 
thyroide,  &c.,  tons  organes  dont 
nous  connaissons  parfaitemeut  la 
texture  anatomique,  mais  dont 
nous  ignorons  corapletement  les 
fonctions.  De  meme,  quand  sur 
un  animal  on  decouvre  un  tissu 
nouveau  et  sans  analogue  dans 
d'autres  organismes,  I'anatomie  est 
incapable  d'eu  devoiler  les  pro- 
prietes  vitales." 
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century  nor  can  it  be  stated  that  uniformity  of  opinion 
exists  even  yet  as  to  the  cause  of  this  ignorance.     The 
enormous  progress  which  has  been  made  in  our  know- 
ledge of  the  ditlerent  properties  of   living  things  has  had 
an   effect    on    the   minds   of   those   searchers    to   whom 
we  are  mostly  indebted  for  it,  similar  to  that  produced 
on  a  wanderer  who  ascends  an  unexplored  and  distant 
peak.     Ever  and  anon,  after  scaling  the  eminence  just 
before  him,  he  l^eholds  a  new   and    greater    one    rising 
into  view,  which  he  contemplates  with    mixed  feelings 
of    discouragement    and    of    eager    desire    for    advance. 
But   whereas    our  wanderer  must  know   that  the  very 
crreatest  height  or  distance  is  none  the  less  a  measurable 
and  attainable  quantity,- what  hope  has  the  biologist  to 
encourage  him  on  his   way  ?     No  other— as  it  appears 
to  some — than  the  assurance  that  he  is  all  the  time  ex- 
ploring an  unknown  country,  whereas  the  final  achieve- 
ment is  impossible    to   him   through   the  inaccessibility 
of  the  position  or  the  limitation    of    his    own    powers. 
Others,  indeed,  from   time  to  time  have  not  taken  this 
despondent   view,  but,  elated    by   the   triumphs    which 
every    new  step    has   afforded    them,  have    persistently 
maintained  that  some  day  the  last  step  will  be  taken 
and  the  central  peak  really  gained. 
4.  The   history  of    biological    thought,  as    distinguished 

?f  bKS"ai  from  biological  knowledge,  presents  us  with  the  spec- 
tacle  of  a  repeated  oscillation  between  these  two  ex- 
treme views :  on  the  one  side  the  continually  recurring 
conviction  that  the  problem  of  life  is  insoluble,  and, 
on  the  other,  the    assertion   that  it  is  soluble,  though 


thought. 


I 


it    is    admittedly  as    yet    unsolved.      Biological    know- 
ledge itself  has  progressed  on  the  same  lines  as  chem- 
icaf  physical,  and   mechanical   knowledge ;    it  registers 
the' progressive  conquest  of  new  regions  of  phenomena 
exhibited  by  living  matter  through  the  methods  which  >^ 
have  been  discovered  in  the  abstract  sciences :  but  it  has 
generally  been  felt  that   this   knowledge   does   not  ex- 
haust the  subject ;  that  there  is  some  principle  involved 
which  we  know  not ;   and  that  we  cannot  think  about 
the  living  portion  of  creation  without  consciously  or  un- 
consciously admitting   the    existence  of    this    principle. 
The  unknown— nay.  possibly,  the  unknowable— element  ^^J^_ 
or  factor  must  be  admitted  to  exist,  and  it  involuntarily  ^-- 
croverns  our  reflections  on   that  which  we  know.     To 
thow  the  difference  between  reflections  on  biological  and 
on  other  phenomena,  which,  though   equally  unknown, 
yet  do   not  contain   an  admittedly  unknown  factor,  it 
may  be  useful  to  refer  to  the  scientific  way  of  deal- 
in-    with    meteorological    phenomena.     The    science    of 
iJteorology   is  probably  as  young  as   that  of   biology, 
if  not  younger.     Prediction  of  the  weather  is  probably 
even  more  uncertain  than  the  prognosis  of  a  physician 
at  the  bedside  of  a  patient  suffering  from  a  malignant 
disease      Yet    no    one    would   suggest   that  there  is  a 
special  meteorological  principle  involved,  as  in  the  case 
of  the  phenomena  of  life  and  death  there  is  a  special 
biological  principle.     We  are  quite  satisfied  that  purely 
mechanical    and    physical    and    possibly    chemical   pro- 
cesses   make    up    the    whole   of    the   weather  problem 
and  that  the  difficulty  of  the  latter  is  simply  one  of 
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complexity  and  intricacy.  A  similar^  attitude  has  in 
the  course  of  our  century  frequently  been  taken  up 
with  regard  to  the  problem  of  life,  but  it  has  always 


4 


been  abandoned   again.^      We   are   still   told   that 


u 


m 


^  See,  for  instance,  what  Huxley, 
who,  in  his  earlier  writings,  might 
be  termed  a  vitalist  (cf.  his  ad- 
dress "  On  the  Educational  Value 
of  the  Natural  History  Sciences," 
1854,  and  his  own  criticism  thereof 
in  the  preface,  dd.  1870,  in  '  Lay 
Sermons  and  Addresses'),  says  in 
his  article  "Biology,"  1875,  in  the 
'Ency.  Brit.,'  vol.  iii.  p.  681  :  "A 
mass  of  living  protoplasm  is  simply 
a  molecular  machine  of  gi"eat  com- 
plexity, the  total  results  of  the 
working  of  which,  or  its  vital 
phenomena,  depend — on  the  one 
hand,  upon  its  construction,  and 
on  the  other,  upon  the  energy 
supplied  to  it ;  and  to  speak  of 
'  vitality '  as  anything  but  the 
name  of  a  series  of  operations,  is 
as  if  one  should  talk  of  the  'hor- 
ologity'  of  a  clock.''  Similarly 
Claude  Bernard,  in  his  *  Lemons  sur 
les  phenomenes  de  la  vie,'  &c.,  vol. 
i.  p.  379,  says  :  "  En  un  mot,  le 
phenom^ne  vital  est  pre-etabli 
dans  sa  forme,  non  dans  son  ap- 
parition. ...  La  aature  est  in- 
tentionelle  dans  son  but,  mais 
aveugle  dans  I'^xecution."  Both 
Huxley's  comparison  of  an  organism 
with  a  clock  and  the  quotation 
from  Claude  Bernard  suggest  a 
parallel  between  the  dictum  of 
Archimedes :  "  S6s  noi  irov  aru)  koI 
rhv  KocFfiov  Kiyrjao},^'  and  a  possible 
one  of  a  biologist :  "  Give  me  an 
organism,  and  I  wHll  explain  its 
action  mechanically."  In  another 
place  Claude  Bernard  says  {loc.  cit., 
ii.  p.  524) :  "  L'el^ment'  ultime  du 
phenomene  est  physique  ;  I'arrange- 
ment  est  vital." 

-  Examples  of  this  could  be 
multiplied  indefinitely.  I  take 
one     from     an     entirely    different 


field.  Prof.  Kerner  von  Marilaun, 
the  celebrated  botanist,  says  {'The 
Natural  History  of  Plants,'  transl. 
by  Dr  Oliver,  1894,  vol.  i.  p.  52) : 
"  In  former  times  a  special  force 
was  assumed — the  force  of  life. 
More  recently,  when  many  phen- 
omena of  plant  life  had  been  suc- 
cessfully reduced  to  simple  chemical 
and  mechanical  processes,  this  vital 
force  was  derided  and  effaced  from 
the  list  of  natural  agencies.  But 
by  what  name  shall  we  now  desig- 
nate that  force  in  nature  which  is 
liable  to  perish  whilst  the  proto- 
plasm suffers  no  physical  alteration, 
and  in  the  absence  of  any  extrinsic 
cause  ;  and  which  yet,  so  long  as 
it  is  not  extinct,  causes  the  proto- 
plasm to  move,  to  inclose  itself,  to 
assimilate  certain  kinds  of  fresh 
matter  coming  within  the  sphere 
of  its  activity  and  to  reject  others, 
and  which,  when  in  full  action, 
makes  the  protoplasm  adapt  its 
movements  under  external  stim- 
ulation to  existing  conditions  in 
the  manner  which  is  most  ex- 
pedient ?  This  force  in  nature  is 
not  electricity  nor  magnetism  ;  it 
is  not  identical  with  any  other 
natural  force,  for  it  manifests  a 
series  of  characteristic  effects  which 
differ  from  those  of  all  other  forms 
of  energy.  Therefore  I  do  not 
hesitate  again  to  designate  as  vital 
force  this  natural  agency,  not  to 
be  identified  with  any  other,  whose 
immediate  instrument  is  the  proto- 
plasm, and  whose  peculiar  effect 
we  call  life."  Another  example 
is  that  of  Prof.  Virchow,  to  whom 
we  are  indebted  for  the  great  rev- 
olution which  the  application  of 
the  novel  conceptions  of  the  cell- 
ular   theory    has    worked    in    the 


A 
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accepting  a  mechanical  conception,"  we  must  not  "  fall 
into  the  very  common  mistake  of  trying  to  explain  vital 
processes  as  being  due  directly  to  mechanical  causes." 
It  has  been  quite  as  impossible  to  banish  the  word 
life  from  the  biological  vocabulary  as  it  has  been  to 
banish  the  word  "  ought "  from  the  ethical.  Biological 
knowledge  has  become  purely  chemical,  physical,  and 
mechanical,  but  not  so  biological  thought.  The  question 
"  What  is  life  ?  "  still  haunts  us.  Let  us  see  what  posi- 
tion the  foremost  representatives  of  modern  biological 
research  have  taken  up  to  this  question.  We  find  that 
they  can  be  divided  into  two  classes. 

First,  there  are  those  who  have  studied  the  pheno-^        6. 

The  purely 

mena  of  living  matter  solely  by  the  means  which  the  scientific 
advancing  sciences  of  dynamics,  physics,  and  chemistry 
have  placed  at  their  command.  .To  them  biology  is  an 
applied  science.  The  question  "  What  is  life  ?  "  is,  ac- 
cording to  their  view  of  method,  only  to  be  solved  by 
degrees,  by  bringing  the  forms  and  processes  manifested 
in  the  living  world  more  and  more  under  the  sway 
of  observation,  measurement,  and  possibly  calculation./ 
The  central  problem  as  to  the  essence  of  life  and  the 


II 


field  of  pathology.  After  having 
assisted  in  banishing  the  older 
vitalism,  he,  to  the  dismay  of 
many  of  his  own  school,  reintro- 
duced the  conception  of  a  vital 
principle  in  a  well-known  review 
entitled  *'01d  and  New  Vital- 
ism," in  his  own  journal  (vol. 
ix.  p.  20).  "Indeed,  the  living 
body  consists,  so  far  as  we  know, 
of  substances  of  the  same  kind 
as  we  find  in  '  lifeless  nature,'  and 
these  substances  have  not  only 
no  other  properties  and  powers  in 


the  living  body,  but  they  do  not 
even  lose  any  of  them.  .  .  .  Never- 
I    theless,   we    cannot    see   how    the 
i   phenomena  of  life   can  be  under- 
:   stood  simply  as  an  assemblage  of 
the  natural  forces  inherent  in  those 
substances :  rather  do  I  consider  it 
necessary  to  distinguish  as  an  es- 
sential factor  of  lite  an  impressed 
derived   force   in    addition   to   the 
molecular    forces.      I   see   no   ob- 
jection to  designating  this  force  by 
the  old  name  of  vital  force. " 
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consensus  of  many  mechanical,  physical,  and  chemical 
processes  in  the  living  organism  does  exist,  but  it  can 
only  be  answered  bv  attacking  it  from  all  sides  and 
reducing  it  to  ever  narrower  issues.  The  stronghold  in 
which  life  is  intrenched  is  to  be  conquered  by  surround- 
ing it  on  all  sides  by  the  attacking  forces  of  dynamics, 
physics,  and  chemistry.  It  will  have  to  yield  some  day, 
though  that  day  may  be  far  off.  The  number  of  those 
wlio  treat  biology  in  this  way  has  increased  very  much 
ever  since  Descartes,^  and  still  more  Lavoisier,  applied 


1  The  claims  of  Descartes  to  be 
considered  as  one  of  the  founders 
of  modern  physiology  are  put  for- 
ward by  Huxley  in  several  of  his 
addresses,  notably  in   that  of  'On 
Descartes'     Discours,'     &c.,     1870 
('Lay  Sermons/  kc,  p.  279);  and 
in  that  on  '  The  Connection  of  the 
Biological  Sciences  with  Medicine,' 
1881    ('Science    and    Culture,'    p. 
325).     In  the  latter  address  he  says : 
"Now   the  essence  of   modern,   as 
contrasted    with    ancient,    physio- 
logical  science,   appears  to   me   to 
lie  in  its  antagonism  to  animistic 
hypotheses   and   animistic    phrase- 
ology.    It  offers  physical  explana- 
tions of  vital  phenomena,  or  frankly 
confesses  that  it  has  none  to  offer. 
And,  so   far  as  I  know,   the   first 
person  who  gave  expression  to  this 
,  modern    view   of   physiology,   who 
I  was  bold  enough  to  enunciate  the 
j  proposition  that  vital  phenomena, 
I  like  all  the  other  phenomena  of  tlie 
'   physical    world,    are,    in    ultimate 
analysis,  resolvable  into  matter  and 
motion,  was  Rene  Descartes.  .   .  . 
And  as  the  course  of  his  specula- 
tions    led     him     to    establish    an 
absolute  distinction  of  nature  be- 
tween the  material  and  the  mental 
worlds,  he  was  logically  compelled 
to  seek  for  the  explanation  of  the 
phenomena  of  the  material  world 


within  itself"  (p.  335).  It  is  in- 
teresting  to  contrast  with  this 
announcement  of  the  banishment 
of  the  animistic  aspect  from  modeni 
physiology  what  Prof.  Bunge  says 
in  the  introductory  chapter  to  his 
well-known 'Text-book  on  Physio- 
logical and  Pathological  Chemistry' 
(Engl,  transl.  by  Woolridge,  1890) : 
"  The  mystery  of  life  lies  hidden  in 
activity.'  But  the  idea  of  action 
has  come  to  us,  not  as  the  result  of 
sensory  perception,  but  from  self- 
observation.  from  the  observation 
of  the  will  as  it  occurs  in  our 
consciousness,  and  as  it  manifests 
itself  to  our  internal  sense"  (p.  7). 
"Physiological  inquiry  must  com- 
mence with  the  study  of  the  most 
compHcated  organism,  that  of  man. 
Apart  from  the  requirements  of 
practical  medicine,  this  is  justified 
by  the  following  reason,  which  leads 
us  back  to  the  starting-point  of  our 
remarks  :  tliat  in  researches  upon 
the  human  organism  we  are  not 
limited  to  our  physical  senses,  but 
also  possess  the  advantage  afforded 
by  the  *  internal  sense '  or  self- 
observation"  (p.  11).  "The  essence 
of  vitalism  does  not  lie  in  being 
content  with  a  term  and  abandon- 
ing reflection,  but  in  adopting  the 
only  right  path  of  obtaining  know- 
ledge, which  is  possible,  in  starting 


«. 


the  purely  scientific  or  exact  method   to  the  study  of 
the  organism. 

But  biology  is  not  only  a  subject  of  purely  scientific  j^^J^^^^^ 
interest.  There  is  a  second  and  larger  class  of  students  '"^^icine. 
—  those  who  study  biology  as  the  basis  of  the  art  of 
healing,  the  medical  profession.  To  them  the  question 
of  life  and  death,  of  the  normal  or  abnormal  co-opera- 
tion of  many  processes  in  the  preservation  of  health 
or  the  phenomena  of  disease,  is  of  prime  interest :  the 
knowledge  of  the  mechanical,  physical,  and  chemical 
properties  and  reactions  of  living  matter,  of  the  con- 
struction of  the  organs  and  their  functions,  is  only  the 
means  to  an  end.  Before  the  time  of  Lavoisier,  with  the 
solitary  exception  of  Descartes,  biology  was  studied  only 
by  medical  men ;  indeed  to  them  both  the  existence  and 
the  progress  of  the  science  were  entirely  due.  For  them 
the  paramount  questions  must  always  be,  "  What  is  life  ?  | 
What  is  its  origin?  •What  is  death?  What  are  its 
causes  ?  What  is  disease  ?  "  To  this  class  of  students  we 
are  indebted  for  again  and  again  bringing  forward  and  try- 
ing to  answer  these  fundamental,  these  central  questions.^ 

By  the  other,  the  smaller  yet  increasing  class  of  purely 
scientific  biologists,  we  are  being  continually  told  that 
these    questions    are    premature    or    metaphysical,^  and 


from  what  we  know,  the  internal 
world,  to  explain  what  we  do  not 
know,  the  external  world  "  (p.  12). 
^  See,  for  example,  tlie  two  very 
interesting  and  suggestive  addresses 
by  Prof.  Ed.  you  Rindfleisch  of 
Wiirzburg,  '  Arztlich  Philoso- 
phie'  (Wurzburg,  1888),  and  '  Neo- 
Vitalismus '  (Verhandl.  d.  .Ges. 
deutscher  Naturforscher  und  Arzte 
zu  Liibeck,  1895,  vol.  i.  p.  111). 


2  See  Claude  Bernard,  'La  Science 
Experimentale,'  3n'e  ed.,  p.  211  r 
"  La  vie  est  I'id^e  directrice  ou  la 
force  evolutive  de  I'etre  ;  .  .  .  mais 
I'erreur  serait  de  croire  que  cette 
force  metaphysique  est  active  a  la 
faeon  d'une  force  physique.  .  .  . 
La  force  metaphysique  evolutive  par 
laquelle  nous  pouvons  caracteriser 
la  vie  est  inutile  h  la  science, 
parce  qu'etant  en  dehois  des  forces 
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that  the  answer  which  we  may  give  to  them  is  of  no 
scientific   importance  and  of   no  scientific  value.      The 
question,  "  What  is  electricity  ?     What  is  the  ether  ? " 
cannot  yet  be  answered ;  nevertheless  the  sciences  which 
deal  with  the  properties  of   the   ether  or  of   electrical 
bodies  are  advancing  daily.      So  also — we  are  told — 
does   the   science  of   biology  progress,  even   though  we 
leave  the  question  "What  is  life?"  unanswered.     This 
would  be  a  tenable  position  if  the  living  organism  were 
like  an  electrical  or  an  optical  apparatus,  constructed  by 
man  himself  with  the  modicum  of  knowledge  which  he 
possesses.     But   the  living  organism,  the  eye  that  can 
see  or  the  nervous  system  that  is  in  action,  or  even  the 
smallest  "  autonomous  "  cell,  visible  only  with  the  micro- 
scope, are  each  an  apparatus  constructed  by  nature  with 
the  employment  of  all  the  intricate  agencies  which  are 
at  her  command.     In  dealing  with  such  an  apparatus, 
we  are  again  and  again  tempted-  to  ask,  "  What  is  life  ? 
On  what  does  the  normal  and  healthy  co-operation  of 
all  parts  in  the  living  organism  depend  ?      In  what  does 
it    consist?"      Fragmentary    knowledge    may    be    well 
enoucrh  so  far  as  it  goes,  but  every  medical  practitioner 
must    painfully    feel    it    to    be    altogether    insufficient. 
Where  practical   interests   are   involved  we  cannot   in- 
definitely postpone  our  answers.     Science  can  wait  and 


physiques  elle  ne  peut  exercer 
aucune  influence  sur  elles.  II  faut 
<ionc  ici  separer  le  monde  meta- 
physique  du  monde  physique  phe- 
nomenal qui  lui  sert  de  base,  maia 
<jui  n'a  rien  a  lui  emprunter.  .  .  . 
En  resume,  si  nous  pouvons  detinir 
la  vie  a  Taide  d'une  conception 
metaphysique  speciale,  il  n'en  reste 


pas  moins  vrai  que  les  forces  me- 
caniques,  physiques,  et  chimiques, 
sont  seules  les  agents  effectifs  de 
I'organisme  vivant,  et  que  la  physio- 
logiste  ne  peut  avoir  a  tenir  compte 
que  de  leur  action.  Nous  dirons 
avec  Descartes :  on  pense  meta- 
physiquement,  mais  on  vit  et  on 
agit  physiquement. " 


content  itself  with  the  known  and  the  knowable.     Prac-  ^^j-^^ 
tice  is  placed  face  to  face  with  the  unknown  and  the  ^^f^^^^^ 
unknowable.^     Thus  the  question  will  again  and  again  jy/^el '" 
be   asked,  "What   is   life?"      And   for   the   benefit  or 
injury  of  mankind  theories  will  exist  which  profess  to 
handle    this     delicate    problem    successfully,    even    as 
weather-prophets  will  always  exist  though  the  necessary 
knowledge  for  accurate  prediction  is  still  wanting. 

One  of  the  first  in  time  and  eminence  in  the  course  of  ^.^^^9. 
the  nineteenth  century  to  whom  we  are  indebted,  not 


1  See  what  Theod.  Bischoff,  one 
of  the  first  and  foremost  German 
anatomists  of  the  new  school,  says 
in  his  Eloge  of  Liebig  (Miinchen, 
1874),  p.  60.  "  Inorganic  science  is 
not  any  way  induced  and  is  much 
less  obliged  to  forsake  the  road 
from  the  known  to  the  unknown. 
But  what  would  have  been  the 
result,  what  would  still  be  the 
result,  if,  in  all  our  researches  into 
organised  nature,  and  yet  more  in 
all  our  actions  which  have  refer- 
ence to  our  state  of  health  or  ill- 
health,  we  had  proceeded,  or  were 
now  to  proceed,  only  from  data 
firmly  established  as  to  cause  and 
connection  (  Could  we  then  so  much 
as  take  a  morsel  into  our  mouths 
or  treat  a  cold  otherwise  than  with 
fear  and  trembling '?  Physiologists 
and  doctors  have  surely  always  been 
ready  to  proceed  according  to  the 
methods  of  exact  science  so  far  as 
this  was  developed.  But  so  long  as 
this  gave  but  a  stone  instead  of 
bread,  acceptance  could  not  be 
thought  of;  necessity  compelled 
us  to  make  some  attempt  towards 
the  solution  of  questions,  to  invent 
some  language  in  order  to  gain  an 
understanding;  and  through  this 
frequently  an  erroneous  procedure 
has  arisen  which  outlives  the  means 
for  its  correction. "     '''  Physiology, " 


says  Du  Bois-Reymond  (Eloge  of 
Joh.  Midler,  'Reden,'  vol.  ii.  p. 
199),  "is  the  only  science  in  which 
one  is  obliged  to  speak  about  things 
which  one  does  not  know.  Chem- 
istry need  not  treat  of  unknown 
compounds,  nor  physics  of  undis- 
covered forces  ;  botany  and  zoology 
do  not  mind  what  kind  of  animals 
may  still  move  about  unknown 
among  unknown  vegetation  in  un- 
explored regions.  But  in  physi- 
ology, even  if  we  confine  ourselves 
to  man,  a  definite  number  of  things 
is  given  which  must  be  dealt  with. 
The  spleen,  the  thyroid  gland,  the 
thymus,  the  suprarenal  capsules  ; 
many  parts  of  the  brain,  ganglia, 
nerves,  the  labyrinth  of  the  ear— -all 
these  are  there,  and  must,  according 
to  the  customary  view,  be  there  for 
something.  Manifold  suppositions 
as  to  the  functions  of  these  parts, 
seemingly  supported  or  invalidated 
by  pathological  experience,  have 
put  in  the  place  of  absolute  dark- 
ness a  twilight  which  is  richer  in 
delusions  though  not  in  certainty. 
The  expounder  of  our  science  is 
obliged  to  lead  his  pupils  through 
this  twilight  on  an  anxious  path, 
and  then  meet  in  return  with  that 
discouragement  which  really  is 
owing  to  the  subject  itself." 
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indeed  for  the  name,  but  for   the  modern  science  and 
direction  of  biology,  was  Xavier  Bichat,  who  during  the 
short  period  of  his  remarkable  career  (1771   to   1802) 
remodelled  biological  studies.     He  approached  the  sub- 
ject from  the  side  of   medicine  and  in  a  philosophical 
spirit.       In    1800    there    appeared    two    treatises,    one 
on    the   membranes    and   tissues,   and    another    entitled 
"  Eecherches    physiologiques    suf    la    vie    et    la    mort." 
These  by  their  titles  already  reveal  the  twofold  aspect 
of  biological  science  which  drew  the  attention  of  Bichat 
and  his  school.     First,  the  attempt  to  reform  biological 
and  medical  knowledge  by  a  close  anatomical  examination 
of  organic  tissues  in  their  normal  and  diseased  states,  for 
the  purpose  of  which  he,  within  a  very  short  time,  ex- 
amined six  hundred  corpses.     The  fuller  account  of  his 
researches  is  given  in  the  four  volumes  of  the  '  Anatomic 
Generale'  (1801)  and  in  the  posthumous  five  volumes 
of    the  'Anatomic    Descriptive,'  completed   by  some  of 
his  numerous  pupils  and  followers  after  his  death.      In 
these   works    Bichat    created    the    science   of    histology 
without  resorting  to  the  microscope,  which  was   to  do 
such   good    service   in    the    hands   of    those   who   came 
after  him,  and  without  that  application  of  physical  and 
chemical    principles    which    during    his    time    (notably 
by   Lavoisier    and    his    school)   had    been   applied    with 
much  success  in  the  theory  of  animal  combustion  and 
in    the    foundation    of    another    new    science — that    of 
organic  chemistry.     The  reasons  which  inclined  Bichat 
to  distrust  the  microscope  were  the  delusive  nature  of 
the  revelations  of  the  imperfect  instruments  then  in  use. 
They  disappeared  when,  in  the  course  of  the  next  thirty 
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years,   the    instrument   was    gradually   improved.      The 
reasons  which   prevented   Bichat  from   treating  biology 
as  an  application  of  physics  and  chemistry  lay  deeper, 
and  were  rooted  in  the  second  great  idea  which  governed 
him  and  his  school— his  "  Vitalism."     As  stated  above,  ^.^  lo. 
those  who  have  studied  the  phenomena  of  life  can   be  viuiism. 
divided   into   two   classes.     There   are   those   who   have  ' 
been  struck  by  the   resemblance   of   the  processes   and 
phenomena    in    living    matter    with    those    in    dead    or 
unorganised  matter:   their  attention  has  been   directed 
more   and   more   to  establishing   a   parallelism   between 
organic     and     inorganic     nature,    and     they    have     fre- 
quently ended  in  the  conviction  that  their   parallelism 
warrants  us  in  asserting  their  ultimate  identity.     There 
have   been   others  who   have   been   impressed  with    the  , 
essential    and    fundamental   difference    between    organic 
and  inorganic  processes  and  phenomena.     To  them,  all 
attempts  to  reduce  the  living  process  to  a  mechanism 
seem  to  have  failed,  and  however  much  they  have  ap- 
preciated   the    insight    gained    by    the    other    class    of 
students,   they   have    deemed    it    equally    important    to 
emphasise    the    essential    difference — the    independence, 
originality,  and  incommensurability  of  the  phenomena  of 
life.     The  latter  can  be  called  Vitalists  in  the  broadest 
sense  of  the  term.     Bichat  belonged  to  them.     As  the 
former  class  of  students  have  frequently  arrived  at  the 
thesis  that  organic  and  inorganic   processes   are  ultim- 
ately  identical,   so   the   latter  have    frequently    arrived 
at  the  thesis  that  they  are  fundamentally  opposed  and 
antagonistic.     Bichat  gives   expression  to  this  view  in  ^.^^^^^g^.^ 
his  celebrated  definition  of  life,  as  the  totality  of  those  tionofiife. 
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functions  which  resist  death.  He  adopts,  on  the  one 
side,  the  method  of  looking  for  the  explanation  of  the 
phenomena  of  matter  in  the  properties  of  matter.  In 
the  introduction  to  the  'Anatomie  G^nerale,'  he  says:^ 
"The  connection  of  the  properties  as  causes  with  the 
phenomena  as  effects  is  an  axiom  which  has  become 
almost  tiresome  to  repeat  nowadays  in  physics  and 
chemistry:  if  my  book  establishes  an  analogous  axiom 
in  the  physiological  sciences,  it  will  have  fulfilled  its 
purpose."  But  being  convinced  of  the  essential  difference 
of  the  object  with  which  the  physiologist  is  concerned, 


1  Claude  Bernard  (1813-78),  from 
whose  various  writings  the  passages 
of  Bichat  are  mostly  taken,  has  very 
fully  analysed  the  theoretical  views 
of  his  eminent  predecessor.  The 
following  books  belong  to  the  best, 
in  substance  and  notably  in  style, 
that  have  been  written  on  the  sub- 
ject :  '  La  Science  Experimentale, ' 
3™*^  ed.,  1890  ;  especially  :  '  Defini- 
tion de  la  vie,'  p.  149,  &c.  ;  *  Lecons 
sur  les  Phenomenes  de  la  vie  com- 
muns  aux  animaux  et  aux  vege- 
taux,'  1878,  especially  vol.  i.  p.  57, 
&c.  ;  'Rapport  sur  les  progres  et 
la  marche  de  la  Physiologic  g^n^rale 
en  France,'  1867.  Introduction. 
Although  Bichat  was  a  vitalist,  he 
took  a  first  and  important  step  in 
the  direction  of  getting  out  of  the 
vitalistic  conceptions  which  be  in- 
herited from  Haller,  and  which  had 
assumed  a  special  form  in  the 
Montpellier  school.  Through  his 
foundation  of  physiological  research 
upon  an  anatomical  study  of  tissues, 
he  localised  the  problem  of  physi- 
ology. Had  he  proceeded  further 
on  the  lines  he  himself  started,  he 
would  have  thrown  ofiF,  like  his 
successors,  notably  Magendie,  the 
hypothetical  distinction  between 
physical,  chemical,  and  vital  pro- 
perties,  and    become    a    pure    ex- 


perimentalist.    The  founder  of  this 
purely     experimental     school     in 
France  was  Magendie  (1783-1855). 
It  is  interesting  to  note  that  prior 
to    Magendie   in    France,    Charles 
Bell   in    London    had    led    up    to 
experimental    physiology   in    Eng- 
land by  his  famous  distinction  be- 
tween  sensory   and   motor    nerves 
(1811).     But,  according  to  Claude 
Bernard,  this  anatomical  distinction 
required    experimental  verification 
in     a    living     animal.       Magendie 
furnished  this  in  1822,  and,  together 
with  this   corner-stone   of   modern 
physiology,  laid  the  foundations  of 
the  art  of  vivisection,  with  all  its 
wonderful  discoveries  and  its  dis- 
favour in  certain  quarters.     There 
is   no  doubt   that  for   many  years 
Paris    became,    through     this    in- 
novation,    the    centre   of    medical 
teaching  on  the  Continent.    As  to 
the  distinctive  merits  of  Bell  and 
Magendie,    see     Claude    Bernard's 
exhaustive   examination  ('Physiol, 
gen.,'  p.  11,  &c.),  but  also  Du  Bois- 
Reymond's      Eloge     of     Johannes 
Miiller   ('Reden,'   vol.    ii.   p.    176, 
&c.)       According      to      him      the 
"Thesis"  of  Bell  was  not  generally 
considered  to  be  proved  till  after 
Midler's  experiments  in  1831. 
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he  does  not  advance  to  the  position  that  the  same 
method  will  lead  to  parallel  results.  "  There  are,"  he 
says,  "in  nature  two  classes  of  things,  two  classes  of 
properties,  two  classes  of  sciences.  Beings  (things)  are 
organic  or  inorganic,  their  properties  are  vital  or  non- 
vital,  the  sciences  are  physical  or  physiological."  He 
did  not  anticipate  that  a  faithful  examination  of  the 
properties  of  organised  matter,  of  membranes  and  tissues 
— which  should  not  be  limited  to  lifeless  corpses — would 
more  and  more  reveal  that  their  properties,  the  forces 
acting  •  on  and  in  them,  could  be  analysed  into  the 
same  forces  as  those  we  find  in  the  inorganic   world.^ 


'  According  to  Claude  Bernard 
('Physiol,  gen.,'  p.  5,  &c.),  three 
things  were  wanting  at  the  be- 
ginning of  the  nineteenth  century 
to  place  physiology  on  a  satisfactory 
basis.  The  first — anatomical  know- 
ledge of  the  structure  of  living 
matter — was  brilliantly  established 
by  Bichat.  But  Bichat  was  not  a 
physiologist :  he  neglected  the 
second  requisite,  the  study  of  the 
continual  conflict  between  the  liv- 
ing organism  and  the  mechanical 
influences  of  the  "milieux,"  the 
environment.  "II  faudra" — says 
Bernard — "tenir  compte  de  deux 
ordres  de  conditions  :  1°,  des  con-  i 
ditions  anatomiques  de  la  matiere  ' 
organisee  qui  donnent  la  nature 
ou  la  forme  des  phenomenes 
physiologiques  ;  2°,  des  conditions 
physico  -  chimiques  ambiantes  qui 
determinent  et  reglent  lea  mani- 
festations vitales."  A  third  im- 
pulse was  wanted  in  physiology  : 
*'il  fallait  la  ramener  definitive- 
ment  h  la  m^thode  des  sciences 
experimentales ;  il  fallait  la  pousser 
avec  vigueur  dans  la  direction  des 
experiences  sur  les  organismes 
vivants,  afin  de  la  detourner  de  la 

VOL.  IL 


voie  des  hypotheses  et  des  explica- 
tions    prematurees    dans     laquelle 
elle     s'etait     si     souvent     egaree. 
Un    grand    physiologiste    francais, 
Magendie,   mon  maitre,   est  venu, 
au    commencement    de    ce    siecle, 
exercer   cette   action    generale   sur 
la  science  physiologique,  en  meme 
temps   qu'il   I'enrichissait    par    ses 
propres  decouvertes.     Magendie  fut 
eleve  dans   I'ecole   anatomique    de 
Paris,  mais  il  n'etait  point  dispose 
a  suivre  les  successeurs  de  Bichat 
dans    leurs    explications    hypothe- 
tiques.      Doue   d'un   esprit    precis 
et     penetrant,     sceptique     et     in- 
dependant,    il    fut    li^     de    bonne 
heure  avec  Laplace,  qui  le  patronna. 
Par    cette    influence  il  se    trouva 
encore  fortifie  dans  son  antipathic 
inn^e  pour  les  explications  physi- 
ologiques   dans     lesquelles    on    ne 
se     payait    que    de    mots.      Puis, 
par    une    tendance    spontanee    de 
reaction  qui,   a  cette   epoque,   fut 
tres     utile     a     la    physiologic,     il 
s'arreta    a    Texperimentation    em- 
pirique,     c'est-a-dire     au     resultat 
brut  de  1 'experience  consideree  en 
dehors  de  toute  interpretation   et 
de  tout  raisonnement." 
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Bichat,  as  Claude  Bernard  has  told  us}  thus  clearly  and 
eloquently   found   the   expression   or   "formula  for   the 
fleeting  ideas  of   his   age.     All   the   ideas   of  his   con- 
temporaries regarding  life,  all  their  attempts  to  define 
it,  are,  in  a  way,  only  the  echo  and  paraphrase  of  liis 
doctrine."     We  find  it  repeated  by  surgeons  like  Pelletan, 
who  practised  in  the  Hotel  Dieu,  and  by  great  naturalists 
like  Cuvier,  who  founded  comparative  anatomy.     To  both 
of  these  life  was  a  contest,  a  struggle,  as  it  is  at  the  end 
of  the  century  to  the  Darwinians ;  but  it  was  a  struggle 
of  the  living  forces  against  the  dead,  whereas  nowadays 
it  is  the  struggle  of  the  living  for  supremacy  amongst 
each  other  or  a  process  of  adaptation  to  external  condi- 
tions.    Whilst   there   is   this    great  difference    between 
12.       these  two  views  characterising   respectively  the   begin- 
Darwinism.   ^incr  and  the  end  of  our  century,  they  have  one  point 
in  common — they  both  emphasise  the  unrest,  the  con- 
tinued change,  the  extreme  mobility  which  distinguishes 
living  matter.      But  even    this   distinction   has   ceased 
during    the    course   of    the    century   to    impress   us    so 
much  as  it  did  Bichat;  since  the  stability  of  the  solar 
system    proclaimed    by    Laplace    has    ceased    to    charm 
astronomers,   and    the    dictum    of    ancient    science    has 
been  refuted :   "  materiam  coeli  esse  inalterabilem."  - 


1  *La  Science  Exp^rimentale,' 
p.  164. 

-  Claude  Bernard  {loc.  cit.,  p. 
172,  &c.)  dwells  on  this  point  with 
great  eloquence.  "Aujourd'hui 
I'esprit  des  astronomes  est  familiar- 
ise avec  rid^e  d'une  mobilite  et 
d'une  evolution  continuelle  du 
monde  sideral.  Les  astres  n'ont 
pas  toujours  existe,  dit  M.  Faye  ; 
ils    ont    eu    une    periode    de    for- 


mation ;  ils  auront  pareillement 
une  periode  de  declin,  suivie  d'une 
extinction  finale.  .  .  .  Les  as- 
tronomes, avant  de  connaitre  les 
lois  des  mouvements  des  corps 
celestes,  avaient  imagine  de  puis- 
sances, des  forces  sid^rales,  comnie 
les  physiologistes  reconuaissaient 
des  forces  et  des  puissances  vitales. 
Kepler  lui  -  meme  admettait  un 
esprit  recteur  sideral  par  I'influence 
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After  the  age  of  Bichat,  and  largely  through  his 
influence, — i.e.,  through  the  cultivation  of  anatomical 
researches, — the  pendulum  swung  in  the  direction  of 
proving  more  and  more  the  parallelism  of  organic  and 
inorganic  processes.  It  reached  its  maximum  swing 
in  that  direction  about  the  second  third  of  the 
century.  Since  then  it  appears  to  have  again  returned 
in  the  opposite  direction.  Let  us  follow  this  movement 
somewhat  more  closely,  and  see  how  the  stronghold  in 
which  the  innermost  secret  of  life  is  intrenched  has 
been  attacked  from  all  sides  by  all  the  processes  and 
methods  of  the  mechanical,  physical,  and  chemical 
sciences,  and  how  it  has  persistently  refused  to  sur- 
render.^     There  was   a  time  when  the  leading   repre- 


duquel  les  plauetes  suivent  dans 
I'espace  des  courbes  savantes  sans 
heurter  les  astres  qui  fournissent 
d'autres  carrieres,  sans  troubler 
I'harmonie  reglee  par  le  divin 
geometre. "  Another  property  which 
was  once  thought  peculiar  to  and 
characteristic  of  living  organisms, 
that  of  regeneration  after  mutila- 
tion, of  "redintegration,"  is  now 
known  to  exist  also  in  lifeless  struc- 
tures :  "  M.  Pasteur  a  signal^  des  faits 
de  cicatrisation,  de  redintegration 
cristalline,  qui  meritent  toute  notre 
attention.  .  .  .  Ces  faits  .  .  .  se 
rapprochent  completement  de  ceux 
que  presentent  les  etres  vivants 
lorsqu'on  leur  fait  une  plaie  plus 
ou  moins  profonde  "  (ibid. ,  p.  173). 
^  Bischoff,  in  his  Eloge  of  Liebig, 
who  remained  all  his  life  a  vitalist, 
says  (p.  57) :  "  We  must,  indeed,  as 
in  the  exact  sciences,  guard  against 
letting  a  mere  word  step  in  as  an 
•explanation,  wherever  our  insight 
into  the  conditioning  causes  has 
been  insufficient,  as  was  indeed  re- 
peatedly done  formerly,  when  a 
word  was  considered  to  be  a  suffi- 


cient reason.  We  must  consider  it 
to  be  the  continual  duty  of  organic 
science  to  wage,  as  it  were,  a  con- 
stant war  against  this  organic  force, 
and  to  dispute  it^^  territory  where- 
soever possible.  If,  for  example,  a 
talent  like  his  succeeds  in  deducing 
many  morphological  traits  of  the 
higher  animal  organisms  from  the 
mechanical  conditions  of  growth  in 
the  embryo,  &c.,  we  shall  grate- 
fullj'  accept  the  proof ;  but  we 
must  all  the  while  not  forget  to 
ask  the  further  question,  by  whom 
these  mechanical  conditions  have 
been  brought  together.  If  it  be 
further  true  that  the  cells  of  the 
embryo  perform  the  most  extra- 
ordinary wanderings,  in  order  to 
arrange  themselves  into  the  various 
tissues  and  organs  of  the  animal 
body,  we  shall  welcome  this  as  a 
very  interesting  and  remarkable 
phenomenon  in  the  obscure  region 
of  development ;  but  we  have  re- 
ceived no  light  on  the  question  who 
acts  as  guide  to  the  wandering  cells. 
Similarly,  if  chemistry  should  some 
day  succeed  in  forming  albumen  ar- 
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13        sentatives    of     the    medical    profession    considered    it 
^unr"^  unworthy    and    degrading   to    treat    the    human    frame 
as  a  mechanism,   and   to  approach   it  by  the   methods 
used   in   other  sciences.      "For  the  vitalist  physician," 
says   Hehnholtz,^  "  the  essential  part  of  the  vital  pro- 
cesses  did    not    depend    on    natural   forces   which    act 
according   to   fixed    laws.       What   these   could   do    ap- 
peared oi  secondary  importance,  and  a  study  of  them 
hardly  worth   the  trouble.     He  thought  to  be  face  to 
face  with  something  soul-like,"— the   anima    of    Stahl, 
the  vital  force  of  the  vitalists,— "  which  had  to  be  met 
by  a  thinker,  a  philosopher,  a  man  of  spirit.  .  .  .  Aus- 
cultation  and    percussion    were  practised    in    the    hos- 
pitals -  but  I  have  heard  it  said  that  these  were  crude 


tificially,  we  shall  probably  be  able 
to  date  from  that  day  an  entirely 
new  period  in  natural  science,  but 
this  artificial  production  of  albumen 
will  never  be  feasible  through  the 
simple  affinities  of    the  elements, 
but     only    by    producing    a    new 
arrangement  in  organic  substances 
already  formed  by  the  plant.     We 
shall    gratefully   receive    all    such 
increase  of  our  knowledge  :  we  do 
not  require  wonders  and  belief  in 
miracles   for    the   vitjl  force    but 
onlv    a    name    for    the    effects    of 
which    we     do     not     know     the 
causes.   .   .    .    Neither  the  ancient 
priman-al     ooze    nor    the    modern 
Bathybius,    neither     the     remote 
monads   nor    the    recent    monera, 
neither   protoplasm,    nor    nucleus 
and   cell    and    their  development, 
confessedly   so    simple   and    easily 
understood   up    to    self-conscious 
man.    give    us    the    smallest    clue 
to   the   forces    at   work  and   their 
orioin      This  induces  us  to  ascribe 
them    to    a   force,    regarding    the 
essence  of  which  we  indeed  know 


no  more  than  we  know  of  any 
cause  that  cannot  be  further  an- 
alysed. But  we  admit  in  doing 
so  the  imperfection  of  our  know- 
ledge, and  do  not  deceive  others 
by  suggesting  that  mechanical 
science  could  solve  the  secret  of 
organised  nature." 

1  '  Vortrage  und  Reden,'  vol.  ii. 

^''^  Chr.  Fried.  Nasse  (1778-18.51), 
since     1822     professor    at     Bonn, 
where,     together     with     Walther, 
Joh.    MuUer,   and   others,  he   cul- 
tivated  the    physiological   method 
in    medicine,    "was,   as   it   seems, 
the  first  German  doctor  in  whose 
clinical  institute  physical  diagnosis 
was  introduced.      From  1820  on- 
ward    percussion    was     practised ; 
since    1821    the    stethoscope    was 
regarded   as   an   indispensable    in- 
strument"    (Haeser,    '  Geschichte 
der  Medizin,'  3rd  ed.,  Jena,  1881, 
p.  912).     "The  thermometer  was 
first  used  extensively  at  the  bed- 
side by  James  Currie  (1756-1805). 
His  '  Medical  Reports  on  the  ef  ect 


mechanical  devices  which  a  physician  with  a  clear 
mental  vision  did  not  require :  moreover,  the  patient 
would  thereby  be  degraded  and  treated  as  a  machine. 
Feeling  of  the  pulse  was  the  most  direct  method  of 
ascertaining  the  reactive  power  of  the  vital  forces,  and 
was  delicately  practised  as  the  most  important  process. 
Elderly  practitioners  considered  counting  with  a  second- 
watch  as  hardly  good  taste :  taking  the  temperature 
was  not  thought  of.  As  to  the  eye-mirror,  a  highly 
celebrated  surgical  colleague  told  me  he  would  never 
use  the  instrument,  it  being  dangerous  to  throw  brilliant 
light  into  suffering  eyes :  another  declared  the  mirror 
might  do  well  for  oculists  with  poor  sight ;  he  himself 
possessed  very  good  eyes  and  did  not  need  it.  ...  A 
celebrated  professor  of  physiology  had  an  argument  with 
his  colleague  in  physics  regarding  the  images  in  the 
eye.  The  professor  of  physics  invited  him  of  physiology 
to  come  and  see  the  experiment.  This  was  indignantly 
refused :  a  physiologist  should  have  nothing  to  do  with 
experiments,  which  might  do  well  enough  for  a  physicist." 
The  first  great  attack  upon  the  organic  system  of 
forces,  upon  the  citadel  of  life,  was  made  by  chemistry,  c^emistry^ 
and  was  led  by  Lavoisier  and  the  great  school  of  chemists 
which  continued  his  work.  Iji  consisted  in  the  applica- 
tion of  the  theory  of  combustion,  in  which  oxygen  played 
such  an  important  part,  to  the  processes  of  respiration, 


I' 

1^ 


14. 
Attack  from 


of  water,  cold  and  warm,  as  a 
remedy  in  fever  and  other  diseases,' 
London,  1797,  "contains  observa- 
tions on  the  variations  of  the 
body-temperature.  .  .  .  But  these 
attempts  had  little  success.  Not 
till  the  middle  of  the  nineteenth 


century  was  the  importance  of 
medical  thermometry  recognised, 
first  through  the  classical  work 
of  von  Biirensprung  (1851),  then 
through  that  of  Traube,  but 
mainly  through  Wunderlich  " 
(ibid.,  p.  930). 


^ 
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nutrition,  and  the  generation  of  animal  heat.^    Already  in 
1783  Lavoisier  and  Laplace  had  presented  a  memoir  to 
the  Paris  Academy  of  Sciences,  in  which  they  attributed 
the  generation  of  animal  heat  mainly  to  a  process  of 
combustion  which  took  place  by  the  conversion  of  oxy- 
gen-into   fixed   air    during   the   process   of   respiration. 
Lavoisier  continued  his   researches  on  these  and  other 
similar    physiological    processes,    such    as    perspiration, 
aloncr   with  Seguin.       They   presented  a  joint    memoir 
on  The   subject   in    1790.     It   is   also  known,  through 
the    posthumous    publication    of    Lavoisier's    scientific 
papers  in   1862,  long  after  Liebig  had  brought  out  his 
series  of  researches  on  this  matter,  that  the  former  had 
entertained  very  correct  views  on  the  economy  of  organic 
life  as  it  exists  in  the  balance  of  the  animal  and  vege- 
table creations.     After  Lavoisier,  the  application  of  the 
new  science  of  chemistrj-  to  questions  of  the  individual 
and  collective  life  of  organisms  was  extended  in  a  series 


^  The   two   great   discoveries   of 
oxvgen    and   of    the   electric   cur- 
rent at  the  clbse  of  the  eighteenth 
centurv   were    not   long    in    being 
applied  to   the  reform  of   medical 
doctrine.     In  both  instances  exag- 
gerated theories  were  not  wantmg. 
Fourcrov,  himself  a  medical  student 
by  profession  and  one  of  the  most 
ardent  followers  and  promoters  of 
the  new  chemistry,  who,  moreover, 
edited  a  journal  with  the  title  '  La 
medecine  ^clairee  par  les  sciences 
physiques '  (1790-92 ),  foundit  never- 
theless  necessary  to  give  warning 
against  the  premature  introduction 
into   medical   teaching  of  the  new 
ideas  of  chemistry.     Of  this  many 
instances   existed,  both   in  France 
and  Germany,    such  as  the  '  Essai 
d'un  svsteme  chimique  de  la  science 


de   I'homme'   (1798),  by  J.  P.  T. 
Baumes     of     Montpellier,    against 
which  Fourcrov  aimed  his  criticisms 
in  a  letter  to  Humboldt.     On  these 
extravagances    see     Haeser,     '  Ge- 
schichte  der   Medicin,'  vol.   ii.    p- 
737,    &c.  :     also     Dr    A.     Hirsch, 
'  Gesch.  d.  medicin.  Wissenschaften 
in    Deutschland'    (Miinchen,  1893, 
p.   567).      There  is  no  doubt  that 
opposition    to    this   one-sided    ap- 
plication    of     some     chemical     or 
physical  theory,  or  of  some  special 
therapeutic    method,  w^hich   might 
be   valuable  to    a  limited  and   re- 
stricted  degree,    partly   accounted 
for  the  fact  that  the  more  thinking 
members   of   the   profession   clung 
to   the   notion  of   a  vital  force  or 
principle,    as    yet    undefined    but 
nevertheless  existent. 
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of  very  valuable  but  unconnected  researches  in  all  the 
different  countries  where  chemistry  was  cultivated. 
Priestley,  in  England,  had  noticed  the  purifying  effect 
of  plants  on  air ;  De  Saussure,  in  a  series  of  remarkable 
experiments,  carried  on  in  the  last  years  of  the  eighteenth 
century  at  Geneva,  established  the  fact  that  in  sunlight 
plants  increase  the  quantity  of  carbon  and  other  con- 
stituents in  their  tissues.  Ingenhousz  in  Holland  and 
Senebier  in  France  had  shown  that  in  the  presence  of 
sunlight  bubbles  of  oxygen  gas  are  given  off  by  plants 
when  plunged  under  water,  and  had  traced  this  oxygen 
to  its  source,  the  carbonic  acid  in  the  atmosphere.  Sir 
Humphry  Davy  had  applied  chemistry  to  agriculture; 
and,  much  later,  German  physiologists  like  Tiedemann 
and  Johannes  Miiller  had  recognised  the  necessity  of 
explaining  the  processes  in  the  living  body  chemically. 
All  these  labours,  however,  were  detached,  and  their 
value  was  little  known.  It  was  therefore  a  very  timely 
proposal  which  issued  from  the  British  Association  in 
1839,  that  a  report  on  the  present  state  of  organic 
chemistry  should  be  drawn  up.  For  this  task  no  less 
a  person  than  Justus  Liebig  was  selected.^     The  event 


^  The  sources  of  information  on 
Liebig's  great  work  in  revolutionis- 
ing the  science  of  life  through  his 
application  of  organic  chemistry  to 
agriculture  and  physiology  are  nu- 
merous. In  particular  there  are 
two  addresses  by  Vogel  and  von 
Bischoff,  delivered  in  the  Munich 
Academy  in  1874,  Hof  mann's  "  Fara- 
day "  lecture,  delivered  in  the  Royal 
Institution  in  1875,  and  a  very 
able  summary,  drawn  mainly  from 
these  sources  by  Mr  W.  A.  Shen- 
stone,  in  Cassell's  '  Century  Science  ' 
Series  (1895),  entitled  "  Justus  von 


Liebig,  his  Life  and  Work."  Bis- 
choflf's  address  contains  a  very  full 
discussion  of  Liebig's  vitalistic  sym- 
pathies. His  great  influence  was 
established  as  much  by  his  special 
scientific  discoveries  as  by  his 
method  of  teaching, — by  his  early 
attempts  to  popularise  science  and 
make  it  an  educational  power 
through  his  well-known  'Familiar 
Letters.'  He  w^as  in  this  respect  a 
pioneer,  as  after  him  Helmholtz  and 
Du  Bois-Reymond  were  pioneers  in 
spreading  scientific  ideas  by  means 
of  popular  lectures  and  addresses. 
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marks  an  epoch  equally  in  the  science  of  organic  chemistry- 
proper  and  in  the  life-work  of  Liebig.  The  necessity 
of  collecting  and  systematising  the  scattered  labours 
of  chemists  and  physiologists  in  this  department  was 
simultaneously  felt  in  France,  where  Liebig's  friend  and 
rival,  Dumas,  published  his  *  Essai  de  Statique  chimique 
des  Etres   organises'  as  a  conclusion   to   his  course  of 


Liebig  broke  through  the  barriers 
which  in  his  age  separated  science 
in  Germany  from  general  culture, 
and  the  university  professor  from 
the  man  of  the  world.    From  France 
he  learnt  the  merit  of  a  clear  style, 
and  from  England  the  higher  art  of 
popularisation.     His  fame  did  not 
grow  slowly  and  surely  like  that  of 
Helmholtz,  spreading  almost  imper- 
ceptibly from  narrower  into  ever 
wider   circles  :    he  took  the   world 
by  surprise,  and  stirred  up  every- 
where inquiry,  opposition,  and  con- 
troversy.    He   ventured   on    great 
and  sweeping  generalisations  and  on 
daring  experiments  and  prophecies, 
with  the  result  that   in   the  final 
establishment  of   truth  his  oppon- 
ents had  frequently  as  great  a  share 
as  himself.     Notable  instances  are 
his   so-called    "mineral    theory" 
of  manuring  and  his  theory  of  fer- 
mentation.     Through   the   former 
the  great  division  which  separated 
the   processes   in    the   living   from 
those  which  obtained  in  the  inani- 
mate (mineral)  world    was   broken 
down  ;  and  through  the  latter  the 
modern  notions  of  the  ubiquity  and 
continuity  of  life   were  to  a  large 
extent  established,  as  will  be  seen 
in  the  sequel  of  this  chapter.     The 
correct   notions    which    he    enter- 
tained as  to  the  necessity  of  the 
mineral     ingredients     (phosphoric 
acid,  lime,  potash,   &c.)   in    plant- 
manures,  which   he  started  in  op- 
position to  the  older  "humus"  or 
* '  vegetable  mould  "  theory,  was  on 
the   point  of  being  refuted  by  his 


insistence  on  making  his  chemical 
fertilisers  insoluble,  ignorant  as  he 
then  was  of  the  absorbing  and  re- 
taining function  of  mould  ;  but,  a 
generation  after,  the  prevailing  pre- 
dilection for  soluble  manures  was 
again  much  modified  by  the  intro- 
duction of  the  "  Thomas  slag,"  and 
the  enormous  improvements  in  the 
process   of   extreme   pulverisation. 
Prof.  Vogel  in  his  above-mentioned 
address  gives  many  extracts  from 
Liebig's  writings,  referring  to  the 
final   and   corrected   expression   of 
the  chemical  theory  of  fertilisation. 
These     are     so     characteristic     of 
Liebig's  habit  of  thought  and  his 
whole  mental  attitude,  that  I  tran- 
scribe  them  :   "  When  I  knew  the 
reason  why  my  fertilisers  would  not 
act,  I  felt  like  a  man  who  had  re- 
ceived a  new  life,  for  through  this 
all   processes   of    agriculture   were 
explained,   and  now   that  the  law 
is   known   and   lies   clearly   before 
our   eyes,  there  remains  only  the 
wonder  that  we  did  not  see  it  long 
ago :    but   the  human   mind   is  a 
queer  thing, — what  does  not  fit  into 
the  circle  of  ideas  once  given,  does 
not  exist  for  it.  ...  I  had  sinned 
against  the  wisdom  of  the  Creator, 
and  for  this  had  received  merited 
punishment.     I  wanted  to  improve 
His  work,  and  in  my  blindness  I 
thought     that    in    the    wonderful 
chain    of  laws  which   bind    life  to 
the  surface  of  the  earth,  one  link 
was    missing   which   I,    a   helpless 
worm,  could  supply"  {loc.  cit,  p. 
34). 


chemistry  at  the  Medical  School  of  Paris  in  1841. 
With  him  was  associated  Boussingault,  the  man  who, 
next  to  Liebig,  did  most  for  the  elaboration  of  the  true 
principles  of  agricultural  chemistry. 

To  Liebig,  organic  chemistry  did  not  mean  the  chemis- 
try of  the  carbon  compounds  as  it  is  defined  nowadays, 
and  has  largely  become  since  Dumas  himself  introduced 
into  science  the  fruitful  method  and  idea  of  substitution. 
This  idea  extended  the  facilities  of  the  laboratory  chemist 
enormously,^  but  also  marks  the  altered  view  which  has  i5. 
since  taken  hold  of  organic  chemistry,  the  aUiance  with  orj,Sifc '° 

,  T     .      ,  .  chemistry. 

arts  and  mdustries  rather  than  with  an  understanding 
of  the  economy  and  the  phenomena  of  living  organisms. 
From  the  moment  of  that  alliance  dates  the  division 
of  organic  chemistry  into  the  two  great  branches  of 
the  chemistry  of  carbon  compounds  and  the  chemistry 


» 


^  It  is  well  known  that  organic 
chemistry  during  Liebig's  lifetime 
outgrew  the  canons  and  the  circle  of 
ideas  in  which  he  moved,  and  that 
he  complained  of  not  being  able  to 
understand  the  papers  in  his  own 
periodical,     the     '  Annalen,'     &c. 
Liebig  originally   opposed    Dumas' 
ideas  on  substitution,   but  in   the 
end    admitted     himself     defeated, 
when,  through  Hofmann,  he  became 
convinced  * '  that  the  character  of  a 
chemical  substance  does  not  depend 
so  much  as  he  had  supposed  on  the 
nature   of    its   constituent  atoms, 
and  depends  very  largely  also  on 
the  manner  in  which  these  atoms  are 
arranged.     Some  years  afterwards, 
at  a  dinner  given   by  the  French 
chemists  to  chemical  visitors  to  the 
Exhibition  of  1867,  Liebig  made  his 
defeat  on  this  occasion  the  source  of 
a  happy  retort  to  Dumas,  who  had 
asked  him  why  of  late  years  he  had 
devoted  himself  exclusively  to  agri- 


cultural chemistry.     "  I  have  with- 
drawn from  organic  chemistry,"  said 
Liebig,    "for  with  the   theory   of 
substitution    as   a   foundation,  the 
edifice  of  chemical  science  may  be 
built  up  by  workmen  :  masters  are 
no  longer  needed"  (Shenstone,  'J. 
von  Liebig,'  1895,  p.  61).     Already, 
in  1838,  Liebig  and  Wohler,  in  their 
investigation   on  uric  acid  and  its 
derivatives,  prophetically  suggested 
the     twofold    development    which 
organic  chemistry  was  destined  to 
take  :  ' '  From  these  researches  the 
philosophy  of  chemistry  must  draw 
the   conclusion  that  the  synthesis 
of    all   organic    compounds    which 
are  not  organised  must  be  looked 
upon  not  merely  as  probable,  but  as 
certain  of   ultimate  achievement " 
('Annalen,'  &c.,  vol.  xxvi.  p.  242). 
In  fact,  we  have  now  a  chemistry 
of    organic   and   one   of   organised 
substances. 
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16. 

Influence  of 
Liebig. 


of  organised   nature.     From  this  organic   chemistry  of 
the  modern  school  Liebig  turned  away— continuing  to 
lead   research  in  the  older  and  less  fashionable  direc- 
tion.     This    choice  is  explained  by  the   peculiarity  of 
his  great  mind,  which,  while  investigating  details,  never 
lost   sight   of   the   organic   whole   of   natural    processes, 
and    which    allowed   itself    many  a   flight   of    imagina- 
tion into  unexplored  regions.     In  fact,  if  we  review  the 
work  of  Liebig  from  the  side  of  the  history  of  thought 
rather  than    from  that  of    science,  we  must  assign   to 
it  a  very  great  and  lasting   influence.     He   was   prob- 
ably the  first  man  of  science  who  conceived  the  two- 
fold   meaning    which    belongs   to    the    words,   life   and 
organism,  a  meaning  which  was  known  and  appreciated 
by  practical  men,  but  which  had,  at  that  time,  hardly 
received  scientific  recognition.^     Life  is  not  only  defined, 
as  Bichat  put  it,  by  the  contrast  with  death ;  it  is  just  as 
much  defined  by  the  idea  of  co-operation  or  solidarity : 
life  is  not  only  the  property  of  individual  beings,  but 
also  of  the  collection  or  society  of  several  individuals  in 
a  larger  organism.     As  such,  political  economy  had  con- 
ceived it  long  before  Liebig's  time,  but  Liebig  was  prob- 
ably the  first  scientific  thinker  who  studied  the  economy 
of    nature,   who    fully  realised    the    interdependence    of 
animal  and  plant  life,  and  tried  to  reduce  this  larger  life 
of  living  things  to  scientific  data  and  laws.     Through 
him  and  his  school  two  terms  have  become  current  in 
scientific  and  popular  literature  which,  especially  in  the 

1  The  idea  of  the  dependence  of  Lamarck  (see  p.  314  supraU  but  the 

livinc'  things  on  the  environment,  philosophical    ideas    of   that   great 

on  the  "  milieu,"  was  indeed  fully  thinker  were  then   unknown   and 

recognised     and     emphasised     by  i   disregarded. 


17. 

"Stoff- 


German  tongue,  have  characterised  the  new  ideas  then 
introduced  into  science,  and  have  brought  them  home 
to  the  intelligence  of  the  educated  classes.  These  two 
terms  have  only  been  inadequately  rendered^  in  any 
other  modern  language:  they  are  the  words  "  Stoff- 
wechser'and  "  Kreislauf  des  Lebens."    The  former  de- wechJei- 

and  "  Kreis- 

notes   the  continual  change  of   matter  connected   with  ^"4^®/-. 
maintenance  of   form   in   all   living    things;    the  latter 
denotes  the  continual  interchange  which  exists  between 
the  separate  members  and  the  different  provinces  of  the 
living  creation,  the  circulation  of  living  matter  and  living 
processes.     Liebig  looked  upon  nature  on  the  large  and 
on  the  small  scale  as  an  economy,  as  a  household,  and 
he  applied  himself  to  study  the  conditions  of  its  exist- 
ence, of  its  normal  and  abnormal  states.    Through  Liebig 
chemistry    entered    into    close    alliance    with    political 
economy,  or,  as  it  is  termed  abroad,  national  economics. 
We  shall  see  immediately  how  the  progress  of  science 
has,  in  the   further   course    of    the   century,  tended  to 
emphasise  this  twofold  aspect  and  define  it  more  clearly ; 
how  the  individual  organism,  the  bearer  of  life,  has  been 
traced  to  smaller  and  smaller  dimensions  and  units,  and 
how,  correspondingly,  life  as  we  see  it  on  the  larger  scale 
has  more  and  more  revealed  itself  as  consisting  in  co- 
operation, in  the  collective  action  of  societies  made  up 
of  individuals.     We  have  on  the  one  side  the  doctrine 
of  the  "Autonomy  of  the  Cell,"  so  eloquently  proclaimed        is. 

1        1^      „  -TT-      1  "Autonomy 

by  rrofessor  Virchow ;  on  the  other  side  the  doctrine  of  of  the  ceii." 


m 


I 
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^  We  shall  see  farther  on  how 
the  word  "  Metabolism,"  with  its 
two  subordinate   terms    "Anabol- 


ism "  and  "  Catabolism,"  is  even 
more  expressive  than  the  German 
term  "Stoffwechsel." 
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.'Dhisionof  the  "Physiological  Division  of  Labour,"  the  happy   ex- 
SnltSr."  pression  invented  by  the  great  French  zoologist,  Henri 
Milne-Edwards. 

Whilst  Liebig  was  working  at  the  great  problems  of 
the  economy  of  life,  and  making  chemistry  subservient 
to  the  interests  of  agriculture,  physiology,  and  pathology, 
another  influence  was  exerted— mainly  in  Germany— on 
the  study  of  the  processes  which  take  place  in  the  living 
organism.  This  influence  had  its  source  in  an  application 
of  the  principles  of  dynamics  and  the  more  modern  teach- 
ings of  physics.^  It  emanated  from  two  distinct  centres — 
from  Leipzig,  where  the  brothers  Weber  2  taught  how  to 

in  remodelling  the  science  of  phy- 
siology and  the  conceptions  of  the 
phenomena  of  life. 

2  Regarding  the  position  and  in- 
fluence of  the  three  brothers  Weber, 
I  may  refer  to  former  passages  of  this 
history  (vol.  i.  p.  196  ;  vol.  ii.  chap, 
vi.  passim).  The  greatest  of  the  three 
—ErnstHeinrich  Weber  (1795-1878) 
— occupies  a  unique  position  in  the 
development  of  the  "  science  of  life" 
in  Germany.     He  seems   never  to 
have  come  under   the  influence  of 
the  then  prevalent  "  philosophy  of 
nature,"   and  he  had   accordingly, 
unlike  Liebig  and  Johannes  Miiller, 
nothing  to  unlearn.     See   on   this 
point  Du  Bois-Reymond's  Eloge  of 
Miiller  in  '  Reden  '  (vol.  ii.  p.  216), 
also  Ludwig's  Eloge  of  Weber  (Leip- 
zig, 1878,  p.  10).    AVeber  repre.<ents 
in  the  purest   form   the    influence 
which  physics,  based  upon  experi- 
ment and  measurement,  had  upon 
the  development   of   the   study  of 
organic  form  and  function,  as  Liebig 
represents  in  the  purest  form  the 
influence  of.  chemical  research  and 
reasoning.     In   this  respect  Liebig 
was    more   nearly    related   to   the 
Paris  school,  \Veber  to  the  Berlin 
school,  which  he  greatly  influenced. 


1  In  many  passages  of  his  inter- 
esting  and    brilliant    "Addresses" 
Du    Bois-Reymond    has    dwelt  on 
the   great   revolution   which   came 
over  physiological  studies  about  the 
middle  of  the  century,  characteris- 
ing it  as  a  special  German  achieve- 
ment.    Claude   Bernard  has  given 
us    an    interesting    account    of    a 
corresponding,    but    not    identical, 
change  of  ideas  in  the  great  medical 
schools  of  Paris.    Quite  recently  Sir 
Michael  Foster  has  created  in  this 
country  an  interest  in  the  history 
of  medicine,  notably  of  physiology, 
and  has  on  various  occasions  given  us 
masterly  summaries  of  the  results 
of  his  historical   research.     I  may 
refer  specially  to  his  very  lucid  and 
fascinating    monograph  on   Claude 
Bernard  (London,  1899,  in  Fisher 
Unwin's    'Masters    of     Medicine' 
Series).       Another     authority     in 
modern   physiology.   Prof.   M'Ken- 
drick  of  Glasgow,  has  treated  in  a 
companion   volume   of   Helmholtz, 
dwelling  mainly  on  his  physiological 
labours,    based   upon   his   brilliant 
application  of   physics  and  mathe- 
matics.    The  two  monographs  ex- 
hibit very  clearly  two  distinct  in- 
fluences which  have  been  at  work 
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apply  strict  experimental  research,  combined  with  actual 
measurements,  to  physical,  organic,  and  psychical  pheno- 
mena, which  had  so  far   escaped  all  exact    treatment; 
and  from  Berlin,  where  in  the  person,  and  still  more  in 
the  school,  of  Johannes  Miiller,  the  great  and  complex 
phenomenon  of  life  in  the  higher  organisms  was  analysed  MWkr' 
into  various    mechanical    and    physical    processes,  each 
connected    with    some    well-defined    organ    which    was 
more  and  more  recognised  as  possessing  the  properties 
of  a  physical  apparatus.     A  great  deal  of  the  work  of  the 
numerous  members  of  this  school  consisted  in  unravel- 
ling with  the  microscope  the  structure  of  such  organic 
apparatus,  and  studying  its  action  by  physical  measure- 
ments  and  experiments.     As   examples  and   models  of 
this  kind  of   work  we   have  Du  Bois  -  Eeymond's  '  Ee- 
searches  in  Animal  Electricity '  (1848),  and  Helmholtz's 
'Physiological  Optics'  (1867,  second  edition,  much  en- 
larged,  1896),    and   'Physiological    Acoustics'    (1862). 
In  the  course  of  these  labours  it  was  found  that  the 
older  ideas  of  "  Stoffwechsel,"    and    the    conception    of 
the  circulation  of  matter  as  it  was  taught  in  the  school 
of  Liebig,  required  to  be  corrected  and  extended.     I  have 
referred  in  an  earlier  chapter  ^  to  the  interesting  circum- 
stances under  which  our  modern  notions  of  the  conserva- 
tion of  energy  tirst  dawned  independently  upon  Mayer 
and  Helmholtz  whilst  studying  the  phenomena  of  heat 
in  the  animal    organism.     In  the  school  of  Liebig  we 
meet  with  an   occasional    attempt    to    extend   the  idea 
of    "Stoffwechsel,"    the   exchange    of    material    or    of 
elementary    matter  in  the  living  body  of  animals  and 

^  See  supra,  chap  vii. 
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plants,  so  as  to  embrace  likewise  the  imponderables— 
heat,  light,  electricity,  &c.     We  find  Mohr  treating  of 
heat'  and  animal  energy  as   substances  which  must  be 
counted  among  the  elements  or  prime  materials  known 
to  chemists— just  as    the    French    chemists    of    Lavoi- 
sier's school  enumerated   the   imponderable  along  with 
the  ponderable  elements  of  nature:  even  Liebig's  first 
edition   of  the  'Chemical  Letters'  is  not  quite  averse 
to   such  an  interpretation.      The   ideas  on  this  matter 
were,    however,    vague,    and    needed    defining.      When 
Mayer  attempted  a  first  step  in  this  direction,  Liebig  did 
not  see  the  value  of  it.     The  subject  was  only  cleared  up 
when    Helmholtz,    in    1847,   showed   that  all  so-called 
living  forces    were    the    different    manifestations   of    a 
certain  quantity  of   power  to  do   work  — later  termed 
energy  — and    that    this   power    could    show    itself    in 
actual  change  and  motion,  or  be  stored  up  in  tensions 
in  the  system,  later  called  "potential   energy."     After 
this,  "  Stoffwechsel "  appeared  not  only  as  an  exchange 
of  material,  but  also  as  a  change  in  the  form  of  energy, 
whereby  potential  or  latent  energy  could  be  accumulated 
in  the  organism  and  let  loose,  as  the  latent  power  of 
an  explosive  substance    is    let  loose   by  the  pulling  of 

a  trigger.  . 

One  of  the  immediate  consequences  of  these  varied 
researches— all  tending  to  show  how  the  conception 
formerly  established  in  chemistry,  physics,  and  dynamics 
could  be  utilised  in  the  description  of  the  phenomena  of 
living  matter,  how  the  complex  phenomenon  of  life 
could  be  split  up  into  a  number  of  separate  chemical 
and    physical    processes,    which    could    be    imitated    m 
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the    laboratory,    and    how    the    living    organism    could    ^ 
be  analysed  into   a   complex  of  separate  apparatus   or 
machines,  acting  on  intelligible  mechanical  and  physical 
principles— was  a  radical   change  of   the  conception  of 
vital   force  and   the   vital   principle.     It  ceased  in   the       20. 
opinion  of  many  to  be  opposed  to  other  non-living  forces,  'S^trSe%f 
as  it  was  with  Bichat ;  according  to  others  it  was  non-  "''''^' 
existent,  or  at  all  events  useless ;   others  again  reduced 
it    to    a    purely    regulative    function,  or    even    a    mere 
idea.     A  popular  philosophy  founded  upon  the  unknown 
principle    of    matter,   and    the    equally    unknown    and 
even    less    clear    principle    of    force,    promulgated    the 
notion    that    science    had    succeeded    in    banishing    all 
spiritual  entities,  and  was  able  to  explain  everything  on 
purely   mechanical  principles.       Vitalism  and   animism       21. 
were  at  an  end ;  there  only  remained   mechanism  and  ''''^'°^^"- 
materialism.     It  is  well  to  note  that  none  of  the  great 
men  to  whom  we  are  indebted  for  the  real  extension  of 
our    knowledge    of    biological    phenomena    favoured    or 
embraced   this  view.       The   reasons   which   kept   them 
from  drawing  what  seemed  to  some  the  inevitable  con- 
sequences of  their  discoveries  were  manifold. 

As  I  stated  before,  there  are  two  ways  of  approaching 
the  problems  of  nature,  and  two  interests  by  which  our 
researches  can  be  guided.  The  one  is  the  abstract 
mathematical  method,  which  begins  with  the  simplest 
definable  and  measurable  elementary  processes,  and  tries 
to  imitate  the  complicated  phenomena  of  nature  by  more 
and  more  intricate  combinations  of  these  elementary  pro- 
cesses. The  other  is  the  more  concrete  method  inspired 
by   practical    interests.     The  mechanical,  physical,  and 
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chemical  methods  of  analysis  and  synthesis  follow  the 
former  way,  and   they   generally   arrive  at   satisfactory 
explanations   of   isolated  parts  of  the  actually  existing 
phenomena,  or  of  special  and  simple  cases.       Notably, 
they  create  the  artificial  world  of  manufactured  things, 
such  as  instruments,  machines,  chemical  and  mechanical 
compounds.      They  may  at  times  make  it  appear  as  if 
this  process  of  putting  together,  continued  indefinitely, 
would  ultimately  reach  the  real  things  which  we  behold 
in  inorganic,  organised,  and   even  in  animated  nature. 
At  all  events  no  other  way,  it  might  seem,  is  open  to 
science,  and  the   only   thing   that   delays   our   progress 
is  the  bewildering  intricacy   and   complexity  of   things 
natural.        At    the    beginning    of    our    century,    when, 
through  Laplace  and  his  school,  many  seemingly  com- 
plicated phenomena  of  nature,  notably  those  of  physical 
astronomy,  yielded  to  the  processes  of  analysis  just  de- 
scribed, there  seemed   for  the   moment  a  possibility  of 
building  up  a  complete  philosophy  of  nature  on   such 
a    groundwork.      Laplace    himself    indulged    in   a  fre- 
quently quoted  prophetic  vision  of  this  kind.     When,  in 
the  middle  of  the  century,  some  molecular  phenomena, 
notably    those    of    light,  had    likewise    yielded    to    the 
calculus,  and  when  correcter  views  as  to  the  nature  of 
forces  had  further  brought  another  and  different  world  of 
phenomena  into  a  calculable  form,  it  seemed  likely  that 
even  the  mysterious  processes  of  living  organisms  might 
be  subjected  to  similar  reasoning.     It  seemed  time  to 
abandon  the  familiar  conception  of  a  special  vital  force, 
and  to  hand  over  physiological  problems  likewise  to  the 
physicist,  the  chemist,  and  the  microscopist.     A  regular 
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crusade  was  accordingly  started  in  Germany  by  philoso- 
phers, as  well  as  by  naturalists  and  biologists,  against  the 
vitalists — those  who  believed  in  a  special  principle  of  life ; 
and  an  impression  was  created  in  the  minds  of  thinking 
outsiders  that  a  purely  mechanical  explanation  of  life  and 
mind  was  finally  decided  on,  and  within  possible  reach. 
Among  those  who  assisted  in  bringing  about  this  im-  22. 
pression,  I  need  only  single  out  two  names — those  of  i^'^Boi^'- 
Hermann  Lotze,i  the  philosopher  of  Gottingen,  and  of  ^'^'"'°'''^* 


^  The  position  which  Lotze  oc- 
cupies in  the  history  of  the  con- 
ceptions  of   life   or  of   vitalism  is 
peculiar.     If   we  read  works   deal- 
ing specially  with   the  history  of 
medicine,  such  as  those  of  Haeser 
or   Hirsch,  we  do  not  come  across 
the  name  of  Lotze  at  all,  and  it  is 
only  in   quite   recent   times,    fifty 
years  after  the  appearance  of  Lotze's 
writings  dealing  with  vitalism,  that 
experts     in     physiology    have    re- 
verted   to    his    discussion   of    the 
subject.     See  notably   the   follow- 
ing :  1.  Rauber,  "  Formbildung  und 
Formstorung  in  der  Entwickelung 
von     Wirbelthieren "     ('Morphol. 
Jahrbuch,'    Band    vi.),    1880.      2. 
Wilhelm  Roux,  "  Einleitung  zu  den 
Beitragen     zur    Entwickelungsme- 
chanik    des    Embryo,"    1885    (re- 
printed  in  'Gesammelte  Abhand- 
lungen,'   vol.    ii.    p.    H,    Leipzig, 
189f)).      3.   0.   Hertwig,  '  Zeit  und 
Streitfragen  zur  Biologic '  (Heft  2, 
Jena,   1897),   pp.    23-29.      4.  Carl 
Hauptmann,    'Die   Metaphysik   in 
der  modernen   Physiologie'   (Jena, 
1894),  p.  3.     These  and  many  other 
recent  references  go  back  to  Lotze's 
article,  "Leben  und  Lebenskraft," 
in  Rud.  Wagner's '  Haudworterbuch 
der  Physiologie,'  1842;  and  to  his 
larger     publications,     '  Allgemeine 
Pathologie  undTherapie  als  mechan- 
ische   Naturwissenschaften '  (Leip- 
zig, 1842),  and  'Allgemeine  Physi- 

VOL.  II. 


ologie    des    Korperlichen    Lebens' 
(Leipzig,  1867).     The  reasons  why 
Lotze's   expositions  were  so  little 
regarded   at   the   time  were  prob- 
ably    twofold.      He    taught    that 
the     phenomena     of     life    consti- 
tuted a  mechanical  problem.     This 
was    enough    to    dismiss    in    the 
eyes  of  many  empirical  naturalists 
the  further,  but  not  easily  com- 
prehended, statement  of  Lotze  that 
life  was   not   merely  a  mechanical 
problem.     The  definition  and  solu- 
tion  of    the   second    part   of    the 
problem  was  much  more  difficult, 
aud   Lotze  delayed  his  expositions 
on   this   side   of   the   question  for 
ten  years,  when  he   published  his 
'  Medicinische      Psychologic     oder 
Physiologie     der     Seele '      (1852), 
which     contained    a    metaphysical 
introduction    apparently    little    in 
harmony  with  the  supposed  purely 
mechanical    or    even    materialistic 
standpoint    of    his    earlier     writ- 
ings.     In    the    meantime    several 
important     works     had    appeared 
which    carried    out    in    wider    or 
narrower  regions   the   purely   me- 
chanical  or  inductive  and  experi- 
mental treatment,  and  quite  revolu- 
tionised physiological  and  medical 
studies.     I  need  only  mention  such 
works  as  Jacob  Henle's  '  Allgemeine 
Anatomic'  (1840),  and  his  '  Hand- 
buch    der   rationellen   Pathologie ' 
(1846-53).     Henle,  as  von  Kolliker 
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Du  Bois-Eeymond,  the  eminent  physiologist  of  Berlin. 
The  former  owed  much  of  his  scientific  training  to  the 
school  of  Ernst  Heinrich  Weber  in  Leipzig,  the  latter 
to  that  of  Johannes  Miiller  in  Berlin.  Both  agreed 
in  denouncing  the  conception  of  a  vital  force— as  it 
was  then  called— as  illogical,  and  moreover  as  scienti- 
fically useless.  But  whilst  Lotze  distinctly  stated  that 
his  criticisms  on  this  subject  were  only  addresssd  to 
scientific  thinkers,  and  promised  a  further  philosophical 


says,  "  correctly  saw  that  the  work 
of'Bichat  had  to  be  remodelled  on 
the   foundations  laid  by  Schleiden 
and  Schwann,"  an  undertaking  in 
which  von  Kolliker  himself  laboured 
with    the    greatest    success.      But 
above   all  must  be  mentioned  the 
appearance     of     Rud.     Virchow's 
♦Cellular  Pathology'  (1858,   Engl, 
transl.by  Chance,  1860),  "in  which 
he  himself   explains   that   he  does 
nut  give   a   system  but  a  general 
biological     principle,"    and    in    so 
doing  lays  the  foundation  for  the 
entire  exact   treatment   of   patho- 
logical cases.     It  is,  however,  well 
to   note    that    Virchow    does    not 
regard  life  as  a  purely  mechanical 
problem.       The    works     of     such 
authorities  as  Henle  and  Virchow 
give  as  much  or  as  little  philosophy 
and  discussion  of  general  principles 
as  physiologists  of  the  exact  school 
required    for    about   thirty   years. 
Those  masters,  indeed,  had   them- 
selves   grappled    with    the    philo- 
sophical problem,  and  had  arrived 
at  a  formulation  which  sufficed  to 
lead   research   into   fruitful    paths 
for   a   new   generation    of   experts 
who    themselves   were    not    philo- 
sophically    educated.      The    term 
vital  force  disappeared,  and  in  the 
specialist   medical   literature   of    a 
lengthy  period  even  life  itself  was 
hardly  any  longer  discussed.     Thus 
a   firm   basis  was   laid    on    which 


mechanics,  physics,  and  chemistry 
could  be  usefully  applied.    A  similar 
silence    as     to     general     problems 
reigns  in   the  great   school   which 
for    two    centuries    built    on    the 
principles  laid    down    by   Newton 
in   natural   philosophy.     Similarly 
in  chemistry,  the  foundations  laid 
by  the  atomic  theory  sufficed   for 
the  greater  portion  of  the  century 
following     its     enunciation.       We 
have    seen   in    earlier   chapters   of 
this    work     how,    even    in     these 
much  more  firmly  established  me- 
chanical sciences,  our  century  has 
witnessed   before    its    end   discus- 
sions  again   arising    as    to   funda- 
mental questions  and  leading  prin- 
ciples.     A  similar  fate   has  coiiie 
over  biological   science,   and    with 
it  a  renewed  interest  in  the  writ- 
ings which  stand  at  the  entrance  of 
that  epoch  which  was   so    rich  in 
the     unravelling    of    definite    and 
special  problems.     Authorities  like 
Prof.  0.  Hertwig  warn  us  now  of 
that   "other   extreme   which   sees 
in    vital     processes    nothing    but 
chemico-physical    and     mechanical 
problems,  and  thinks  it  finds  the 
true   science  of   nature  only  in  so 
far    as   it    is    possible    to    reduce 
phenomena     to     the     motions    of 
attracting    and     repelling    atoms, 
and  to  submit  them  to  calculation  " 
('Die  Lehre  vom  Organismus,'  an 
Address,  Jena,  1899,  p.  8). 


ON    THE    VITALISTIC    VIEW    OF   NATURE.        403 

investigation  of  the  question,  Du  Bois-Eeymond  '  gave 
the    impression,    in    his    earliest    dehverance,    that    the 


^  Du  Bois-Reymond's  position  in 
the  vitalistic  controversy  is  inter- 
esting  and    instructive,    inasmuch 
as    he    considerably    modified    his 
opinions  in  course    of    time.     His 
first  deliverance  on  the  subject  is 
to   be  found  in  the  preface  to  his 
celebrated    '  Untersuchungen   iiber 
Thierische      Elektricitat '     (March 
1848).       This     discussion     of     the 
subject    followed    soon    after    the 
deliverances  of  men  like  Berzelius 
(1839),  Schwann  (1839),  Schleiden 
(1842),   Lotze  (1842),  on  the  same 
subject,   which  are  stated  to  have 
been     "ineffectual."      After     the 
lapse    of    twenty -four    years    Du 
Bois  -  Reymond     approached      the 
subject    again    in    his     celebrated 
addi-ess  at  the  German  Association 
of  Sciences  at   Leipzig,    1872,  en- 
titled   "Ueber    die    Grenzen    des 
Naturerkennens. "    This  deliverance 
created    a    great    sensation  :     the 
pamphlet      appeared      in      many 
editions     and      translations,      and 
only    in    this     country    failed     to 
get  adequately  noticed.     A  further 
explanation     of     the     views     ex- 
pounded  in  it  was   given    by   the 
author    (1880)   in    an    oration    at 
the     meeting     held     annually     in 
honour   of   Leibniz   in    the    Berlin 
Academy  on  the  8th  of   July.     It 
bears  the  characteristic  title  "Die 
sieben  Weltriithsel,"     These  docu- 
ments together  contain  the  author's 
"philosophical  creed,"  which  ends 
m   "Pyrrhonism,"    out    of    which 
there     seems     no     escape    except 
through  "  Supernaturalism,"  which, 
however,     begins     where     science 
ends.      (See   note    1    to    the    last- 
mentioned     address.)       All     three 
documents    are    reprinted    in    the 
two   volumes  of  'Reden'  (Leipsic, 
1886-87),  from  which  I  quote.     In 
the  interval  of  a  quarter  of  a  cen- 
tury which  lay  between  the  first  and 


second    deliverance   great   changes 
had  come  over   scientific  thought. 
The    mechanical   view,    which    had 
been   put   forward  in   an  extreme 
form  in  1848,  when  it  was  prophe- 
'  sied  that  "  physiology,  giving  up  its 
particularistic  interest,  would  dis- 
appear in  the  great  united  estate 
of   natural   philosophy,    would    be 
entirely      dissolved      in       organic 
physics  and  chemistry  "  (vol.  ii.  p. 
23),  had  had  time  and  opportunitv 
to  show  its  power   and    its  limits. 
It     had     gained    through    greatei- 
facility^  of    application    (such    as 
Ludwig's     automatic     curve  -  plot- 
ting),    through     the     larger    con- 
ception     of      "  StofFwechsel "      as  ^ 
denoting  "metabolism  "  of  matter 
and  energy.     The  author   himself  , 
had    introduced   a    new   definition   I 
of    life     as   a     "dynamical     equi-  ^ 
librium  "   in    the    place    of    older 
descriptions  (vol.  ii.  p.  25);    and.  f 
above   all,   Darwin  had  shown  the 
possibility  of  a  mechanical  explan-  j 
ation  of  so-called    "fina'l   causes" 
in    nature.      The    author    himself 
was     one     of     that    great    school, 
emanating  from  Johannes   Midler, 
but  now  represented    bv  the   still 
greater     Helmholtz,     wliich     had 
pushed    the    mechanical   or    exact 
treatment   to  its  furthest    limits, 
to   the  analysis  of  the  phenomena 
of  the  nervous  system  in  its  high- 
est    activity,     those    of    sensation 
and    perception.     It    is    therefore 
highly  significant   that,  instead  of 
confirming  the  earlier  dictum,  that 
the   exact    treatment    would    halt 
only  at  the  most  advanced  point- 
viz.,    the    manifestation   of    "free 
will," — the  author  is  now  forced  to 
admit  that  not  only  is  the  *'  origin  " 
of  all   motion   quite  obscure,   but 
likewise     the     lowest     forms     of 
animation     or     consciousness    are 
not  to  be  explained   mechanically, 
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question    was    definitely    settled    and    the    road    quite 
clear  for  research.     To  those— and  they  comprised  the 
second  class  of  thinkers  referred  to  above— who  were 
unwilling    or    unable    to    follow    Lotze    and    Du    Bois- 
Eeymond   into    the    details    of    their    criticism    of    the 
illogical   conception   of  force  as  employed  in   the  term 
"vital   force,"  but    who   looked  at    the    great    facts  of 
economy,  design,  and  recurrent  order  which  are  exhibited 
in  the  living  creation,  these  criticisms  had  little  that 
was  convincing.     If  the  term  "  vital  force  "  was  illogical, 
some  other  term  such   as   "vital   principle"  might   be 
substituted.      The    enormous    difference    between    the 
phenomena  of  living  and  of  dead  matter  remained  and 
impressed  itself  on  them.     Liebig,  and  many  naturalists 
in  France  and  Germany,  had  approached  the  study  of 
nature  from  the  practical  side.     Their  methods  were  not 
mathematical    but   rather  experimental,   and    very   fre- 
quently not  limited  to  the  laboratory  and  dissecting-room, 
but  carried  out  in  the  workshop  of  nature  itself.     In 
spite  of  his  successful  attempts  to  establish  clearer  views 
regarding  the  economic  processes  of  living  nature  and 
the  appHcation  of  chemical  analysis,  Liebig  ^  to  the  end 


the  mystery  which  attaches  to 
all  beginnings  as  well  as  to  the 
great  transitions  in  the  ascending 
scale  of  natural  phenomena  being 
further  emphasised  and  forcibly 
driven  home  in  the  last-named 
address,  which,  as  has  been  said, 
bears  the  title  "The  Seven  Enig- 
mas." The  three  deliverances  of  Du 
Bois-Keymond,  together  with  the 
copious  notes  and  references  which 
he  gives  in  the  latest  reprint, 
swerve  as  a  very  good  and  lucid 
exposition  of  the  inherent  diffi- 
culties of  the  problem,  and  should 


be  studied  by  every  one  who  desires 
to  be  at  home  in  the  ancient  and 
modern  literature  of  the  subject. 
The  position  of  the  author  has 
been  many  times  criticised.  See, 
iyiter  alia,  Kaufmann,  '  Die  Meta- 
physik  in  der  modernen  Biologic 
(Jena  1894),  ^assm. 

1  Lord  Kelvin  in  his  essay  "  On  the 
Dissipation  of  Energy"  (reprinted 
in  '  Popular  Lectures,'  &c. ,  vol.  in. 
p.  464)  has  the  following  interesting 
note  :  "  The  influence  of  animal  or 
vegetable  life  on  matter  is  infinitely 
beyond  the  range  of  any  scientific 
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of  his  life  never  satisfied  himself  that  the  phenomena  of  23. 
life  can  be  mechanically  explained :  he  remained,  in  the  vitalism. 
face  of  much  criticism,  a  Vitalist.  So  did  Wohler  in 
Germany — so  did  most  of  the  eminent  physiologists  in 
France  and  in  England.  The  crusade  against  Vitalism, 
which  was  started  in  Germany,  seems  to  have  had  little 
influence  on  them.  In  1854,  six  years  after  Du  Bois- 
Eeymond's  essay  on  Vital  Force,  and  twelve  years  after 
that  of  Lotze,  Huxley  ^  could  still,  in  the  first  of  his 
'  Lay  Sermons  '  "  On  the  educational  value  of  the  natural 
history  sciences,"  express  opinions  on  the  difference  be- 
tween living  and  not-living  bodies  which  were  distinctly 
vitalistic,  maintaining,  much  in  the  same  way  as  Liebig 
did  in  the  later  editions  of  his  chemical  letters,  that  "  the 
phenomena  of  life  are  dependent  neither  on  physical  nor 
on  chemical,  but  on  vital  forces  ";  and  if,  in  1870,  he 
could  himself  state  that  he  had  long  since  grown  out 
of  this  view,  it  is  interesting  to  discover  what  were 
the  arguments  which  brought  about  this  remarkable 
change.  I  will  at  once  state  what  seems  to  me  to  be 
the  great  influence  which  combated  Vitalism  in  this 
country,  which  greatly  strengthened  the  an ti- vitalistic  or 
mechanical  views  in  Germany,  but  which,  as  little  as  the 
methematical  and  philosophical  criticism  of  Lotze  and 
Du  Bois-Eeymond,  ever  took  real  hold  of  biological  thought 

inquiry  hitherto  entered  on.  About 
twenty  -  five  years  ago  I  asked 
liiebig  if  he  believed  that  a  leaf  or 
a  flower  could  be  formed  or  could 
grow  by  chemical  forces.  He 
answered,  I  would  more  readily 
believe  that  a  book  on  chemistry 
or  on  botany  could  grow  out  of 
dead  matter  by  chemical  processes." 
^  The  address  referred  to  was  re- . 


printed  in  1870  in  the  well-known 
volume,  entitled  'Lay  Sermons, 
Addresses,  and  Reviews,'  with  a 
"  prefatory  letter "  to  Tyndall, 
in  which  the  following  passage 
occurs :  "  The  oldest  essay  of  the 
whole  contains  a  view  of  the  nature 
of  the  differences  between  living 
and  not-living  bodies,  out  of  which 
I  have  long  since  grown." 
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ill  France,  where  a  modified  kind  of  vitalism  still  pre- 
vails.i  It  is  the  far-reaching  influence  of  the  reasoning 
which  sprang  out  of  Darwin's  theory  of  descent. 


4 

™ 


f 


^  The  older  ideas  of  vital  forces 
have  in  all  the  three  countries  been   i 
combated  by  authorities  of  the  very   , 
first  order,  but,  characteristically,    i 
in  a  very  ditferent  manner  —  the   | 
phenomena  of  living  lx)dies  having 
l)een  attacked  from  different  sides. 
In  Geruiatiy  the  mechanico-physical 
school  was  for  a  time  the  dt)minant    i 
one.    In  France  the  dominant  school 
was  the  so-called  experimental,  also 
termed    the    vivisectional,    school, 
founded    by   Magendie.       Between 
these  two  extreme  positions,  both 
equally     opposed     to     the     older 
vitalism,  there  stood  in  the  middle, 
with   a    less   strongly    pr(»nounced 
antagonism  to  earlier  conceptions, 
those  who,  like  Liebig  in  Germany, 
Dumas  and  Boussingault  in  France, 
approached  the  phenomena  of  life 
mainly  by  the  methods  and  reason- 
ing of' the  new  science  of  chemistry. 
This  school  had  a  profoundly  modify- 
ing influence  on  theextreme  views  of 
the  experimental  school  in  France. 
It  made  itself  felt  mainly  through 
Claude  Bernard.     In  Germany  this 
influence  was  felt  later,  after  that  of 
Darwinism  had  somewhat  subsided. 
In  England  it  was  the  doctrine  of 
descent  pure  and  simple  which  com- 
bated the  older  vitalism  :  the  ques- 
tion became  one  of  origins,  and  vital- 
ism, as  such,  could  be  temporarily 
ignored.      The  facts  of  variation, 
overcrowding,  natural  selection,  and 
inheritance,  presented  such  a  mass 
of  material,  waiting  to  be  sifted  and 
arranged  by  exact   methods,  that 
the  problem  of  the  essence  of  life 
and  its  beginnings  was  set  aside. 
Accordingly,  the  attempts  both  of 
Darwin  and  Huxley  to  grapple  with 
the  central  and   final  problem   of 
vitalism  are  very  few  ;    the  latter 
onlv  repeating  what  had  been  said 


long  before  him  by  thinkers  of  a 
very  ditferent  school.    The  question 
was  not  answered,  because,  for  the 
progress  of  the  sciences  and  for  their 
successful  application  in  medicine, 
it  did  not  require  to  be  answeredr- 
It   became  a   purely  philosophical 
question,    and    the    only    English 
writer  of  authority   who  seriously 
grappled  with  it  was  Mr  Herbert 
Spencer     in     his     'Principles     of 
Biology.'     Darwin  in  1863  wrote  to 
Hooker  ('Life,'  vol.  iii.  p.  18)  :  "It 
is  mere  rubbish  thinking  at  present 
of  the  origin  of  life  ;  one  might  as 
well  think  of  the  origin  of  matter." 
Huxley,  in  a  letter  from  the  year 
1884  ('Life,'  vol.  ii.  p.  67),  compares 
life  with  a  whirlpool,  a   favourite 
simile  of  Cuvier's  (see  supra,  vol.  i. 
p.  129),  but  is  doubtful  as  to  compar- 
ing it  with  a  machine.     M.  Delage 
names    Chevreul    ('  Considerations 
generales  sur  I'analyse  organique  et 
ses  applications,'  1824) :  "  llaeu  le 
merite  d'ecrire  que  la  Force  vitale 
n'explique  rien,  qu'elle  aurait  besoin 
elle-meme  d'etre  expliquee  avant  de 
pretendre  expliquer  autre  chose,  et 
que  les  phenomenes  de  la  vie  ont 
leur  cause  directe  dans  les  principes 
immediate  constitutifs  de  la  matiere 
organisee.      II  n'etablit  cependant 
sur  cette  donnee  une  theorie  de  la 
vie,  car   il   conclut,   au   contraire, 
que,  eut-on  ramen^  les  ph^nom^nes 
vitaux  h  leurs  causes  prochaines  et 
aux  forces  qui  regissent  la  matiere 
inorganique,  on  ne  serait  pas  encore 
en  etat   de   comprendre   comment 
I'etre  organise  en  se  reproduisant 
repete  avec   une  Constance   si  re- 
marquable    les    caracteres    de    son 
espk;e."     Even  Francois  Magendie, 
the  great   founder  of   the   purely 
experimental  school  of  physiology, 
says  of  Bichat's  celebrated  *  Recher- 
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In  order  to  enable  my  readers  to  comprehend  clearly 
the  great  change  which  has  come  over  biological  thought 
through  Darwin's  writings  and  reasonings,  I  must  now 
introduce  an  idea  which  I  have  so  far  intentionally 
avoided  in  discussing  the  various  scientific  views  of 
nature.  This  is  the  idea  of  final  causes,  the  apparent 
existence  of  a  purpose  (in  German  Ziveck),  or  an  end 
(in  German  Ziel)  in  all  processes  of  nature,  but  pre- 
eminently in  those  of  the  living  portion  of  creation.  In 
all  writings  prior  to  Darwin  a  great  deal  is  made  of 
final  causes  in  nature,  of  the  teleology  of  living  processes. 
The  phenomena  of  life  seemed  safely  intrenched  in  the 
citadel  of  final  causes :  no  mechanism  could  explain 
them  away.  The  very  fact  that  organisms  were  com- 
pared with  machines,  admitted  the  existence  of  a  definite 
end  and  purpose;  for  it  is  the  peculiarity  of  every 
humanly  constructed  machine  or  instrument  that  it 
serves  a  definite  purpose  which,  in  the  mind  of  the 
inventor  or  maker,  suggested  the  peculiar  arrangement  or 
organisation  which  we  behold.     The  criticisms  of  Lotze  ^ 


x 


ches,'  &c.  :  "  Les  esprits  severes  et 
amis  des  progres  des  sciences  .  .  . 
ont  regrette  que  I'auteur  opposat 
sans  cesse  la  vie  aux  lois  physiques, 
comme  si  les  etres  vivans  n'etaient 
pas  de  corps,  avant  d'etre  des  vege- 
taux  ou  des  animaux  "  ("avertisse- 
ment  "  to  the  4th  ed.  of  Bichat's 
'  Recherches,'  &c.,  1822). 

^  The  lengthy  discussions  of  Lotze 
contained  in  the  writings  quoted 
above  are  not  easy  to  understand, 
and  it  is  not  surprising  that,  be- 
yond the  elimination  of  the  con- 
ception  of  vital  force  as  useless  to 
the  purely  scientific  student,  his  I 
real  meaning  was  at  the  time  not  | 
grasped  at  all.      In  fact,  we  may 


say  that  Lotze,  though  ceasing  to 
be  a  vitalist,  remained  an  animist. 
Discarding  vital  force,  he  retained 
the  conception  of  a  soul  in  a 
manner  which  drew  upon  him  the 
ridicule  of  those  whom,  like  Carl 
Vogt,  he  had  converted  to  pure 
materialism.  This  has  had  the 
consequence,  that  in  more  recent 
times  his  whole  philosophy  has 
been  stigmatised  as  dualistic,  and 
that  he  has  been  accused  of  having 
halted  half-way.  His  real  meaning 
can  be  gathered  more  easily  from 
his  later  and  more  mature  writ- 
ings :  for  his  contemporaries  it 
must  have  remained  to  a  great 
extent  enigmatical.     See  C.  Haupt- 
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and  Du  Bois-Reymond  ^  did  not  do  away  with  this  very 
evident  property  of  living  things,  but  only  maintained 


I 


mann    ('  Die    Metaphysik    in    der 
Physiologic,'  1894,  p.  7):    ''How- 
ever convincingly  Lotze  destroyed 
the  conception  of  a  vital  force,  he 
had  no  desire  to  criticise  in  a  sim- 
ilarly destructive  manner  the  prin- 
ciple of  a  soul,  though  both  have 
grown  up  in  the  same  climate,  in 
the    fertile    country    where    sub- 
stances   blossom,    &c.  .    .    .    And 
although  he  emphatically,  and  in 
many  ways,  urged  that  all  organism 
is  a  definite  form  and  arrangement 
of     mechanism,     he     nevertheless 
accorded   to    the   principle    of    in- 
herent   disturbances    (soul,  will)  a 
partial  control  over  the  functions 
of  the  animal  body,"  &c.     Accord- 
ingly this  view  set  only  the  physi- 
ology of  plant-life  quite  free  for  a 
purely  mechanical  treatment,  which 
it  received  —  after  the  suggestive 
beginnings    made    by   Sehleiden — 
mainly    at    the    hands    of    Julius 
Sachs,  from    whose   '  Lectures    on 
Plant    Physiology'    (1887)    Kauf- 
mann  gives  the  following  very  char- 
acteristic extract  :  "  The  organism 
is   only   a   machine    put    together 
out  of  different  parts  ;  ...  in  a 
machine,   even    if    only    made   by 
human  hands,  there  lies  the  result 
of  deepest  and  most  careful  thought, 
and  of  high  intelligence,  so  far  as 
^^      its  structure  is  concerned,"  &c.  (p. 
623). 

^  The  two  great  facts  which  stare 
every  unbiassed  student  of  nature 
in  the  widest  sense  in  the  face, 
and  which  always  upset  a  purely 
mechanical  view,  are  Purpose  and 
WilL  Lotze  recognises  both,  and 
in  all  his  writings  never  forgets  or 
ignores  them.  Naturalists,  who 
for  the  nonce  are  deeply  interested 
and  fully  absorbed  in  the  analysis 
of  some  definite  organ,  or  some 
special  chemical  power  in  the 
organism,     may     usefully     ignore 


these  two  facts,  of  which  the  first 
only  intrudes  itself  if  we  rise  to  a 
general,  a    comprehensive    aspect; 
the  second  is  a  result  of  individual 
experience.       Nor    did    Du    Bois- 
Reymond  ignore  these  facts.       It 
is  interesting  to  see  how  he  deals 
with  them  in  his  earlier  and  later 
writings.       In   the   earlier   period 
he  eliminates  the  problem  of  free 
will    as   not    a    scientific    problem 
at  all,  and  gets  over  the  question 
of  purpose  by  a  reference  to  the 
evident  existence  of  purpose  in  in- 
animate nature  also, — an  idea  which 
really  comes  ultimately  back  to  an 
assumption  of  a  general  animation 
of   the   whole  of  nature,    such  as 
has  been  maintained  by  many  phil- 
osophers  and   naturalists   in   very 
various  forms.     See,  for  instance, 
the  further  remarks  of  Julius  Sachs 
in  the  passage  quoted  above.     But 
there  is  no  doubt  that  this  method 
of  viewing  the  teleology  of  nature  did 
not  really  satisfy  Du  Bois-Reymond, 
for  in  the  reprint  of  his  paper  on  vital 
force  he  refers  to  it  as  superficial 
('  Reden,'  vol.  ii.  p.  26),  having  in 
the  meantime  adopted  the  explana- 
tion  of    Darwin,   whose   "highest 
title  to  glory"  will,    "so  long  as 
philosophy   of    nature   exists,"   be 
this,    that    he    to    "some    extent 
allayed  the  agony  of  the  intellect 
that  ponders  over  the  problems  of 
existence  "  ('  Reden,'  vol.  i.  p.  216). 
In   1887   he   holds    that   what   he 
wrote  as  late  as  1859,  before  the 
appearance     of     the     '  Origin     of 
Species ', — for    instance    his    cele- 
brated Eloge  of  Johannes  Miiller — 
is  antiquated,  though  it  still  gives  a 
valuable  picture  of  the  "tormenting 
confusion  of  those  who  could  not 
free  themselves  from  the  embarrass- 
ing fetters  of  the  fixity  of  species, 
the  incompleteness  of  the  palseon  to- 
logical  records,  and,  more  than  all, 
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that    this    end    or    purpose    was    attained     by    purely 

mechanical    processes,   that    no   new  force,  called    vital 

force,  need  be  assumed  to  exist,  that  it  was  the  adequate 

and  sole  object  of  science  to  disclose  the  mechanism  by 

which  the  various  ends  of  life  were  attained.     The  very 

idea  of  life,  the  vitalistic  element  or  factor,  was  chased 

away  beyond  the  region  of  the  knowable,  and  remained 

merely  an  idea  in  the  realm  of  thought,  as  it  was  for 

Descartes  and  Leibniz,  and  as  it  has  remained,  up  to 

recent  times,  for  von  Baer  and  for  Claude  Bernard,  and 

for  all  those  who  do  not  accept  the  Darwinian  explana-  Lotzland 

tion.     For  Lotze,  Du  Bois-Eeymond,  and  Claude  Bernard  '  §££. 


of  final  causes  ;  in  one  word,  of  all 
pre-Darwinian  Darwinians  "  (vol.  ii. 
p.  299). 

^  Du  Bois-Reymond  ( *  Reden,'  vol. 
ii.  p.  557)  claims  that  the  greater 
part  of  the  progress  in  modern  physi- 
ology belongs  to  Germany,  in  spite 
of  the  great  talent  and  originality 
of  Claude  Bernard.      He  thus  de- 
scribes   the    diflferent    position    of 
the  three  countries  ;  "  One  branch 
of  physiology  especially  emanated 
from    Germany  —  general    physics 
of  muscle  and  nerves.     Whereas  in 
England    experimental    physiology 
lay  fallow,  while  it  moved  in  France 
in    vivisection    and    zoochemistry, 
being  held  down  in  both  countries 
by   vitalism,   German    science   was 
the   first    to   advance    to   the    in- 
vestigation of  the  surviving  organs, 
especially     of     the     frog,     looking 
upon  them  as  apparatus  built  up 
by  nature,  extremely  complicated, 
yet    conceivably    only    machines." 
This  was  spoken   in    1880.      Since 
that    time    a    certain    change    has 
come  over  physiological  reasoning, 
notably  even  in'  the  very  centre  of 
the    physico-chemical     school     at 
Berlin.     In  1899  Prof.  0.  Hertwig 
warns   us   of    the   other    extreme. 


opposed     to    the     older    vitalism, 
"which  would  lead   us   to  a   one- 
sided and  equally  inadequate  con- 
ception of   the   vital   process  .   .  . 
which  would   see  in    it    merely    a 
chemico  -  physical   and    mechanical 
problem,  and  would  recognise  the 
genuine   science  of  nature  only  so 
far    as    it    is    possible    to    reduce 
phenomena    to    motions,  .  .  .  and 
to  subject  them   to  mathematical 
calculation"      ('Die     Lehre     vom 
Organismus,'     an     Address,     Jena, 
p.  8).     How  far  Du  Bois-Reymond 
in  later  years  modified  his  *^earlier 
notions,   we  can    to    some    extent 
see  from  his   published   addresses. 
We  know  that  the  French  school,  > 
with   Claude   Bernard  as  its  most  / 
illustrious  representative,  never  fell 
into  the  mistake  of  looking  at  the  ■ 
living  organism  as  a  physico-chemi- 
cal machine,  and  we  may  be  inclined 
to  attribute  this  to  a  large  extent 
to  those  experiments  on  the  living 
organism  which  were  first  institut- 
ed by  Magendie,  which,  under  the 
hands  of  Claude   Bernard,   led    to 
the  discovery  of  the  action  of  the 
pancreatic  juice,  of  the  glycogenic 
function  of  the  liver,  of  vaso- motor 
nerves,  and  of  the  effects  of  poisons : 
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purpose  exists  in  nature,  notably  in  living  nature;  it 
is  its  very  characteristic,  its  definition— the  very  "  quid 
proprium  "  of  life,^  but  it  is  useless  as  a  scientific  concep- 
tion.    It  remains  a  problem  for  the  philosopher,  but  the 


all    of    them    epoch-making    dis- 
coveries      which        revolutionised 
physiological  science,  and  which  it 
is  difficult  to  conceive  of  as  having 
been    made    without    vivisectional 
methods.     We  have  also  a  remark 
from  the  pen  of  the  late  Prof.  Georg 
Wiedemann,  that  Helmholtz  him- 
self, that  greatest   master   in   the 
line  of  mechanico-physical  reason- 
ing   on   the   processes    and   organs 
of  the  higher  senses  and  the  nerv- 
ous system,  foresaw  the   necessity 
of   resorting   for   further    progress 
to  vivisectional  research,  to  which 
he   had   a   personal    dislike.      (See 
Wiedemann's    Introduction   to   the 
third      volume      of       Helmholtz's 
*  Wissenschaftliche  Abhandlungen,' 

p.  xxiv.) 

1  In  many  passages  of  his  later 
writings  Claude  Bernard  has  dealt 
with   the   definition  of  life  :    most 
fully    in    the    posthumously    pub- 
Ushed  volume  entitled  '  La  Science 
Experimentale '    (3rd    ed.,    1890). 
He  there  arrives  at  the  final  state- 
ments (p.  207);  "Je  pense,  quant 
a    moi  .   .  .   que    les    phenom^nes 
chimiques    dans    I'organisme    sont 
executes    par    des    agents   ou    des 
precedes      speeiaux ;       mais      cela 
ne  change   rien  a  la   nature   pure- 
ment    chimique    des    phenomenes, 
&c.  .   .  .   Les  agents  des  ph^nom- 
5nes     chimiques     dans     les     corps 
vivants  ne  se  borneut   pas  .a   pro- 
duire  des  syntheses  chimiques,  .   .  . 
mais  ils  les  orgauisent.  .  .  .  Parmi 
ces  agents  .   .  .  le  plus  puissant  et 
le  plus   merveilleux  est  sans   con- 
tredit  I'ceuf,  la  cellule  primordiale 
qui    contient    le    germe,    principe 
organisateur     de     tout     le     corps. 
Nous  n'assistons  pas  a  la  creation 
de    I'oeuf    ex  nihilo,   il   vient    des 


parents,  et  I'origine  de  sa  virtualite 
Evolutive  nous  est  cachee.  ...  II 
y  a  comme  un  dessin  vital  qui  trace 
le  plan  de  chaque  etre  et  de  chaque 
organe  ;  ...  ils    semblent    diriges 
par  quelque  condition  invisible  dans 
la  route  qu'ils  suivent,  dans  I'ordre 
qui  les  enchaine.   .  .    .  C'est  cette 
puissance  ou  propri^te  evolutive  que 
nous  nous  bornons  a  enoncer  ici  qui 
seule  const ituerait  le  quid  proprium 
de  la  vie,  car  il  est  clair  que  cette 
propri^te    evolutive   de   I'oeuf,   qui  ^ 
produira  un  mammifere,  un  oiseau 
ou     un     poisson,    n'est    ni    de    la 
physique,    ni    de    la    chimie.  .   .   . 
En   disant    que    la   vie    est    I'idee 
directrice  ou   la  force   evolutive   de 
VStre,  nous  exprimons  simplement 
I'idee  d'une  unit^  dans  la  succession 
de  tons  les  changements  morpholo- 
giques  et  chimiques  accomplis  par 
le   germe   depuis    I'origine   jusqua 
la   tin    de   la    vie.  ...  La   forcela 
metaphysique  evolutive  par  laquelle 
nous  pouvons  caracteriser  la  vie  est 
inutile  a  la  science,  parce  qu'etant 
en  dehors  des  forces  physiques  elle 
ne  pent   exercer   aucune   influence 
sur  elles.     II  faut  done  ici  separer 
le  monde  metaphysique  du  monde 
physique  phenomenal  qui  lui   sert 
de   base   mais   qui   n'a    rien   a   lui 
emprunter.      Leibniz     a     exprime 
cette  delimitation  dans  les  paroles  : 
'  Le  corps  se  developpe  mecanique- 
ment,  et  les  lois  mecaniques  ne  sont 
jamais  violees  dans  les  mouvements 
naturels  ;  tout  se  fait  dans  les  ames 
comme  s'il  n'y  avait  pas  de  corps, 
et  tout  se  fait  dans  le  corps,  comme 
s'il  n'y  avait  pas  d'&mes.'  .  .  .  Nous 
dirons    avec    Descartes:    on    pense 
metaphysiquement    Tnais   on    vit    et 
on  agit  physiquement." 


naturalist  may  neglect  it,  or  at  best  can  only  use  it  as  an 
"  heuristic  "  help,  as  an  indication  where  to  look  for  the 
special  mechanical  contrivances  which  he  is   trying   to 
unravel.     It  seems  to  me  that  the  position  which  such 
thinkers  take  up  towards  the  objects  or  individuals  of 
living  nature  is  similar  to  that  of  a  mathematical  student 
who  clearly  comprehends  the  solution  of  an  algebraical 
problem,  but  who  himself  would   be  unable  to  find  it. 
He  may  all  his  life  remain  in  this  attitude  without  beincr 
able  to  find  any  solution  himself :  he  has  got  complete 
hold  of  the  mechanism,  but  not  of  the  idea,  of  mathe- 
matical reasoning.     The  student  of   nature   could   thus 
hope  eventually  to  understand  the  mechanism  of  life,  but 
the  idea  is  beyond  his  comprehension.     This  can  be  ex- 
pressed by  saying:  the  mechanism  of  life  is  ultimately 
comprehensible,  though  highly  intricate ;  the  idea  of  life 
is  transcendental,  incomprehensible.     Let  us  not  trouble 
ourselves  about  the  manner  in  which  life  first  originated, 
but  let  us  study  the  mechanical  processes  by  which  it  is 
maintained,  by  which  its  various  ends  are  accomplished. 
Let  us  study  the  mechanism  of  the  clock,  though  this 
may  not  tell  us  the  story  of  its  maker  nor  the  process 
of  its  manufacture.     Those  who  cling  to  the  conception 
of  a  vital  force  or  principle  would  probably  not   even 
admit  as  much  as  this.     It  is  doubtful  whether  Liebio- 
to  the  end,  whether  Huxley  in  his  earlier  period,  and 
Du    Bois-Reymond   in   his    later  writings,  would    have 
admitted  even  this  position.  '  ^- 

We  are  now  prepared  to  understand  the  novel  position        26. 
which   the   Darwinian    conception   of  natural    processes  ^ndnnsT 


introduced  so  far  as  the  teleology  of  nature  is  concerned, 
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how  it  dealt  with  final  causes,  with  the  apparent  exist- 
ence of  a  purpose,  an  end  in  the  processes  of  nature, 
notably  of  the  living  organism. 

It  must  here  be  remembered  that  the  question  how 
livino-  things  come  to  exhibit  traces -of  design  and  pur- 
pose has  really  nothing  to  do  with  the  nature  and  pro- 
cesses of  life :  it  is  not  necessarily  a  biological  question. 
Every  machine  shows  the  same  marks  of  design,  but  is 
not  therefore  alive.  The  influence  of  Darwin's  principle 
of  natural  selection,  of  overcrowding  and  consequent 
strucro-le  for  existence  and  survival  of  the  fittest  speci- 
mens, has  therefore  not  been  in  the  direction  of  explain- 
ing any  of  the  vital  processes  which  are  at  work  in  the 
individual  organism.  ^  It  is  at  best  merely  a  statistical 
relation,  a  peculiar  phenomenon  occurring  only  in  a  large 
or  congested  group  of  living  and  self-multiplying  beings : 
it  presupposes  the  facts  of  reproduction,  heredity,  and 
variation ;  it  does  not  explain  them.  Hence  I  dealt 
with  Darwin's  ideas  in  the  last  chapter,  and  did  not 
introduce  them  under  the  present  heading  of  Biological 
Thouc^ht.  As  we  shall  see  later  on,  Darwin  did  re- 
cognise the  necessity  of  attempting  also  a  biological 
explanation. 

The  possibility  of  explaining  the  marks  of  design  as 
merely  apparent  depends  on  the  conception  of  the  genetic 
process  acting  on  a  large,  a  gigantic  scale :  individual 
things  put  forth  ever  new  developments  by  which  they 
eventually  overtop  their  neighbours,  ultimately  advanc- 
in<^  to  such  a  degree  of  excellence  and  individual  per- 
fection that  to  an  outside  beholder  the  few  surviving 
specimens  give   the  impression  of   having   been  origin- 
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ally  designed.  In  fact,  they  only  exist  because  those 
numberless  individuals  which  could  not  grow  in  a  suffi- 
cient degree  perished  in  the  struggle.  Only  those  in- 
dividual specimens  survived  in  whom,  in  one  or  a  few 
directions,  something  specially  excellent  was  produced 
at  the  expense  of  development  in  other  directions.  In 
the  mass,  the  crowd  are  sacrificed — i.e,,  automatically 
crushed,  in  favour  of  the  few:  in  the  individual,  one 
special  growth  is  automatically  pursued  at  the  expense 
of  a  general  but  less  enduring — i.e.,  self-assertive — de- 
velopment. The  end — the  seeming  purpose — is  pro- 
duced in  the  process  of  production,  it  being  merely 
something  more  enduring — i.e.,  something  better.  It 
conveys  the  impression  to  an  outside  beholder  of  having 
been  consciously  set  at  the  term  of  the  process  of  devel- 
opment ;  in  reality  it  was  produced  simultaneously.  The 
mountain  peak  which  towers  above  its  neighbours,  and 
gives  a  distinctive  rounding  off  and  finish  to  a  landscape, 
may  be  conceived  as  having  been  built  up  by  the  selective 
action  of  the  natural  artist  who  brought  together  the  best 
materials  and  placed  them  in  their  most  enduring  posi- 
tions :  in  reality  it  owes  its  existence  only  to  one  out  of 
the  numberless  throes  of  nature  which  happened  to  take 
place  with  stronger  materials  and  in  more  stable  forms 
of  arrangement  and  grouping,  or  it  is  due  to  the  denuda- 
tion of  the  strata  surrounding  it.  The  end  and  purpose 
of  any  natural  development  is  that  which  it  can  itself  ^^^^/J^tj.' 
automatically  produce  and  endow  with  most  distinctive  "P"^P««e. 
and  enduring  characters,  for  this  only  survives  at  the 
expense  of  weaker  productions :  there  is  a  natural  result 
in  development,  but  there  need  not  be  a  purpose.     The 
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contemplation  of  the  result  may  permit  us  to  trace 
backward  the  process  by  which  it  was  brought  about; 
but  we  are  not  warranted  in  assuming  that  it  existed 
independently,  like  the  plan  of  a  building  or  the  purpose 
of  an  instrument.  In  the  place  of  a  growth  according  to 
a  prearranged  plan,  Darwin  put  the  conception  of  an 
automatic  adjustment  called  "  natural  selection  "  ;  in  the 
place  of  a  conscious  end  or  purpose  he  put  the  concep- 
tion of  a  mere  result,  a  product,  the  "  surviving  fittest."  ^ 
The  development  and  proof  of  Darwin's  ideas  gave  a 
new  impetus  to  biological  research,  as  it  did  also  to  the 
science  of  the  history  and  economy  of  nature.  The  fact 
that  the  phenomenon  of  selection,  or  rather  of  automatic 
crowding  out,  presupposes  intimate  relations  and  contact 
of  every  living  thing  with  numberless  other  similar  and 
dissimilar  beings,  led   naturalists   into  the  open  air,  to 


^  A  very  full  appreciation  of  the 
great  change  that  has  come  over 
the  sciences  of  nature  through  the 
intluence  of  Darwin  will  be  found 
in  the  various  writings  and  ad- 
dresses of  Prof.  Haeckel,  notably 
in  his  address  to  the  German  As- 
sociation'in  1877  at  Munich,  "  Ueber 
Entwickelungslehre  "  (reprinted  in 
'  Gesammelte  populiire  A'^ortriige,' 
vol.  ii.  p.  97).  A  more  critical  exam- 
ination, referring  specially  to  the 
central  biological  problems,  is  the 
addiess  by  Du  Bois-Reymond,  de- 
livered in  1876  in  the  Berlin  Acad- 
emy, and  reprinted  in  *  Reden,'  vol. 
i.  p.  211,  with  valuable  literary 
notes.  He  there  discusses  how  far 
the  principle  of  natural  selection, 
in  addition  to  the  general  doctrine 
of  descent,  has  been  adopted  or  op- 
posed, and  refers  to  the  outstand- 
ing difficulties.  "  One  of  the  great- 
est difficulties,"  he  says  (p.  226), 
"  presents  itself  in  physiology  in  the 


so-called  regenerative  power,  and  — 
what  is  allied  to  it  —  the  natural 
power  of  healing  :  this  may  now  be 
seen  in  the  healing  of  wounds,  in 
the  delimitation  and  compensation 
of  morbid  processes,  or,  at  the 
farthest  end  of  the  series,  in  the 
re  -  formation  of  an  entire  fresh- 
water polyp  out  of  one  of  the  two 
halves  into  which  it  had  been 
divided.  This  artifice  could  surely 
not  have  been  learnt  by  natural 
selection,  and  here  it  appears  im- 
possible to  avoid  the  assumption  of 
formative  laws  acting  for  a  pur- 
pose. They  do  not  become  more 
intelligible  by  the  fact  that  the 
regeneration  of  mutilated  crystals, 
observed  bv  Pasteur  and  others, 
points  to  similar  processes  in  inani- 
mate nature.  Also  the  ability  of 
organisms  to  perfect  themselves  by 
exercise  has  not  found  sufficient 
appreciation  with  regard  to  natural 
selection." 


outdoor  research,  into  the  arena  of  real  life.  On  this 
I  dwelt  in  the  last  chapter.  Ideas  of  a  cognate  kind 
had  already  emanated  from  other  schools,  such  as  that 
of  Liebig, — the  circulation  of  life  in  the  different  pro- 
vinces of  nature,  the  interdependence  of  different  species 
of  living  things.  Isolated  investigations,  like  those  of 
Gartner  and  Sprengel,  of  Huber  and  Lubbock,  on  insect 
life,  or  of  bacteriologists  like  Pasteur  and  Boussingault 
on  fermentation  and  fertilisation,  received  a  fitting  place 
as  important  chapters  in  the  economics  of  nature.     The       28. 

Organisation 

problem  of   life  became  twofold — the  life  of  the  com-  ^^^  ^"^^^^^• 


uation. 


munity  and  the  life  of  the  individual :  organisation  and 
individuation.  Two  great  questions  presented  them- 
selves :  What  is  an  individual  ?  what  is  a  society  of 
individuals  ?  Physiologists  were  from  of  old  accustomed 
to  ask  the  former  ;  economists  like  Ptousseau  and  Adam 
Smith  had  asked  the  latter  question.  Both  now  became 
questions  for  the  biologist.  Physiology  and  economics 
joined  hands.  In  isolated  instances,  as  in  those  of  Liebior 
and  von  Baer,  these  two  interests  had  already  been  united. 
The  real  meaning  and  reason  of  this  union  now  became 
clear  to  every  one :  it  revealed  itself  as  founded  on  the 
two  characteristic  features  of  life — individuality  and  co- 
operation.     With  the  exception  of  the  strong  emphasis        29. 

.VT--L-  11  -1  P  ,  Biology  and 

put  by  Lie  big  on  the  latter  side  of  natural,  notably  economics. 
organic  processes,  biologists  before  Darwin  had  mainly 
studied  the  phenomena  of  individual  life.  In  two  special 
directions — in  embryology  and  in  the  cellular  theory — 
they  had  made  great  progress.  I  have  already  treated 
of  these  advances  in  their  bearing  upon  morphology,  the 
study  of  forms,  and  upon  genesis,  the  study  of  change 
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and  development.     Let  us  see  how  they  affected  biology 
proper — the  study  of  life. 

The  early  propounders  of  the  cellular  theory  were 
evidently  much  influenced  by  the  then  existing  theories 
which  explained  the  constitution  of  inorganic  chemical 
substances  by  atoms  and  by  the  processes  of  crystal- 
lisation. The  progress  of  science,  however,  was  in  the 
direction  of  showing  more  and  more  that  these  borrowed 
conceptions  are  quite  inadequate.  Keasoning  or  thinking 
on  organised  matter  is  quite  different  from  that  which 
refers  to  unorganised  substance.  Chemists  and  physicists 
deal  with  atoms  as  imaginary  units,  which  form  the  ideal 
groundwork  for  constant  arithmetical  proportions  or  for 
the  action  of  calculable  mechanical  forces  measured 
by  observable  movements.  Biologists,  whether  dealing 
with  plants  or  animals,  approach  the  cells  which  they 
regard  as  the  units  of  livincr  matter  with  the  micro- 
scope — an  instrument  which,  till  quite  recently,  has  only 
been  sparingly  used  in  chemical  research.  The  units 
of  the  chemist  far  transcend  our  powers  of  vision ;  the 
units  of  the  biologist  are  to  some  extent  accessible  to 
our  senses.  All  organisms  have  been  found  to  be 
analysable  by  the  aid  of  the  microscope  into  similar 
morphological  constituents  called  cells,  which  present 
very  similar  forms  and  functions.  This  has  had  the 
advantage  of  permitting  the  phenomena  of  life  to  be 
analysed  into  a  few  fundamental  processes  common  to 
all  living  things ;  the  great  diversity  of  the  larger 
organisms,  and  the  more  conspicuous  phenomena  of  life, 
being  conceived  as  put  together  in  various  ways  out  of 
these  elementary  units,  which  exhibit  in  varying  degrees 


of  intensity  the  living  processes  common  to  all.     Just 
so  a  state  or   human    society   is    made    up   of  a  large 
number    of    individuals,    all    having    the    same    human 
nature,  who   carry  on   the    different  functions    peculiar 
to  each  with  varying  degrees  of  efficiency.     The  concep-       so. 
tion   of    the    cell    as    the    unit    or    type    of    all    living  theory, 
matter,  and  the  further  discovery  that  there  exist  uni- 
cellular beings  which  are  not  essentially  different  from 
the  constituent  living  elements  of  the  most  complicated 
organisms,  has  brought  physiological  research  to  a  focus. 
The   difficulties   in   the   study   of   biological  phenomena 
have  vanished  as  those  of  the  organic  chemist  did   on 
the   introduction   of   the   conception  of  valency,  of   the 
saturating  powers  of  chemical  substances.     Accordingly, 
if  we  compare  a  text-book  of  these  subjects  written  in 
the  middle  of   the   century  with  one   belonging   to  the 
latter  part   of  it,   we   find    an    enormous    difference   of 
treatment.     It  is  instructive  to  contrast  the  introduction 
given   in   Johannes   Mltller's   'Elements   of  Physiology' 
and  that  of  Professor  Michael  Foster's  '  Text-book.'     The 
former  represents  the  most  advanced  knowledge  obtain- 
able at  the  end  of  the  thirties — the   latter   that   of  a 
generation  later.     The  former  contains  a  lengthy  intro- 
duction on  general  physiology — the  latter  a  short  one 
on   the  physiological   properties  of  a  living   amoeba,^  a 


^  Already,  in  1835,  K.  E.  von 
Baer  pointed  out  how  the  study 
of  one  small  animal  can  revolution- 
ise our  entire  reasoning.  "  Ninety 
years  ago  a  naturalist  discovers 
the  hydropolyp,  an  insignificant 
slimy  animal,  not  larger  than  a 
peppercorn,  and  how,  without 
head,  sense-organs,  muscles,  nerves, 
blood,  and  sexual  organs  it  never- 

VOL.  II. 


theless  is  nourished,  grows,  feels, 
moves,  and  multiplies, — how  it  can 
even  be  divided,  each  part  form- 
ing a  whole  :  he  observes  it  with 
much  wonder  for  nine  years  with 
untiring  perseverance.  At  that 
time  many  would,  no  doubt,  con- 
sider such  an  occupation  childish 
and  unworthy,  yet  these  diligent 
observations  have  slowly  but  ma- 
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unicellular  organism  which  is  taken  as  a  type,  a  model 
of  all  the  phenomena  of  life.  The  former  consists  of 
philosophical  and  abstract  generalisations,  gathered  from 
many  sources;  it  treats  of  life  in  general,  of  the  vital 
force,  of  the  difference  between  animal  and  plant  life, 
&c. :  the  latter  sums  up  the  whole  matter  of  the  treatise 
under  a  few  heads,  taken  from  the  life  of  the  simplest 
living  thing.  The  generalisation  has  become  an  actual 
observable  example.  This  transition  from  the  abstract 
to  the  concrete,  from  the  idea  to  the  thing  itself,  is  owing 
mainly  to  those  definite  conceptions  which  in  Miiller's 
time  were  being  slowly  elaborated  :  these  were  the  cellular 
theory,  the  larger  conception  of  "  Stoffwechsel  "  as  con- 
tained in  the  term  "metabolism,"  and  the  conception 
of  "  differentiation  of  tissue  "  connected  with  division 
of  labour.  The  two  former  are  already  very  clearly 
foreshadowed  in  Theodor  Schwann's  microscopical  re- 
searches;  the  latter  takes  us  back  to  K.  E.  von  Baer's 
embryological  researches,  to  which  the  Darwinian  idea 
of  a  struggle  for  existence,  and  the  consequent  tendency 
to  one-sided  development  of  form  and  function,  have 
given  an  additional  importance.  Of  the  first  and  third 
of  these  definite  modern  conceptions  I  have  treated 
above.  The  cell  is  the  morphological  unit  of  living 
matter.      The  process  of  differentiation  was  recognised 


terially  influenced  physiology,  the 
basis  of  medicine,  and  hence  also 
the  latter ;  and  it  is  incalculable 
what  many  of  those  here  present 
have  gained  through  such  influence 
in  days  of  sickness  or  may  still  gain. 
Whoever  carefully  studies  the  de- 
velopment of  physiology,  will  be 
convinced  that  it  is  mainly  Trem- 
bly's    observations   of    the    hydro- 


polyp  that  have  changed  the  former 
aspect  of  things,  and  that  the  trans- 
formation of  the  general  views  of 
life  has  altered  the  theory  of  sensa- 
tion, circulation,  &c. ,  very  materi- 
ally, and  is  still  active"  ("Blicke 
auf  die  Entwickelung  der  W^issen- 
schaft,"  an  address,  reprinted  in 
'Reden,'  vol.  i.  p.  109). 
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in  the  examination  of  dead  embryos  in  various  stages 
of  development,  and  the  idea  of  the  division  of  labour 
is  one  flowing  from  the  premises  of  the  Darwinian 
theory — the  facts  of  variability  and  overcrowding.  The 
second  conception,  that  of  "  metabolism,"  touches  im- 
mediately upon  the  processes  of  life,  and  demands 
special  treatment  in  the  present  chapter  which  deals 
with  biological  Thought. 

The  conception  of  a  continuous  exchange  or  circulation 
of  matter  and  of  energy  in  every  living  organism,  and 
the  study  of  this  elementary  typical  form  of  the  living 
process  in  the  morphological  unit  of  all  living  or- 
ganisms, in  the  cell,  seems  to  have  originated  with 
Theodor  Schwann,^  and  is  laid  down  in  his  '  Micro- 
scopical Kesearches,'  published  in  1839.  On  it  is  based 
the  whole  simplification  and  unification  of  biolo^-ical 
thought  which  distinguishes  the  second  from  the  first 
half    of    our    century.       The    study    of    the    cell  —  its 


31. 

Schwann. 


^  On  the  change  which  came 
over  general  physiology  about  1840, 
and  the  part  he  himself  played, 
Theodor  Schwann  has  expressed 
himself  in  a  letter  addressed  to 
Du  Bois-Reymond,  which  is  given 
in  the  notes  to  the  latter's  Eloge 
of  Miiller,  reprinted  in  the  second 
volume  of  his  'Reden,'  pp.  143-334. 
It  forms  one  of  the  most  im- 
j)ortant  historical  documents.  The 
Eloge  itself  should  be  read  together 
with  Claude  Bernard's  '  Rapport,' 
&c.,  mentioned  above  (p.  384  n.), 
which  gives  the  history  of  the  great 
change  from  a  more  exclusively 
French  point  of  view.  In  the 
letter  mentioned  above,  from  which 
also  the  quotations  given  in  the 
text    are    taken,    Schwann    claims 


that  the  first  instance  in  which 
an  "evidently  vital  phenomenon 
was  submitted  to  mathematical, 
numerical  "  rule,  was  his  measure- 
ment of  the  carrying  powder  of 
a  muscle  in  relation  to  its  con- 
traction in  1836.  The  purely 
physical  view  of  vital  phenomena 
exhibited  in  this  example  was  not 
adopted  by  Miiller,  noi-  yet  the 
quickly  following  general  principle 
of  the  cellular  theory.  Schwann 
refers  to  the  third  section  of  his 
*  Microscopical  Researches, '  in 
which  he  discards  "vitalism,"  but 
admits  in  man  ("on  account  of 
his  freedom")  an  immaterial  prin- 
ciple, and  claims  that  this  assump- 
tion divides  him  distinctly  from  the 
materialists. 
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formation,  growth,  division,  and  maintenance  of  form 
amidst  change  of  matter  and  alternation  of  function — 
constitutes  the  "  prolegomena  "  of  physiology,  and  a  com- 
parison of  Prof.  0.  Hert wig's  recent  publication  on  the 
"  cell  "  with  the  introduction  to  Johannes  Mliller's  '  Phys- 
iology '  marks  well  the  change  of  ideas  which  half  a 
century  has  produced.  And  we  must  so  much  the  more 
admire  the  clear  anticipation  of  Schwann,  as  he  was  not 
in  possession  of  the  full  conception  of  energy  in  its 
two  interchangeable  forms  of  kinetic  and  potential 
energy,  which  was  developed  in  the  course  of  the  two 
decades  following  his  publication.  Schwann  not  only 
conceived  the  cell  to  be  the  morphological  unit  of  all 
living  matter,  but  he  also  saw  that  "  cell  formation 
must  be  the  general  principle  of  organic  development, 
and  that  there  can  be  only  one  such  principle."  In 
the  third  section  of  his  '  Microscopical  Eesearches '  he 
founds  on  this  "  his  theory  of  organisms,  and  rejects 
distinctly  therein  all  teleological  explanations  based  upon 
a  vital  force  acting  according  to  final  purposes."  He 
thus  showed  "  that  the  only  essential  property  of  all 
living  matter — viz.,  growth — is  not  inaccessible  to  a 
physical  explanation,"  and  he  did  this  at  a  time  "  when 
Liebig  had  not  yet  taught  physiologists  the  chemical 
changes  which  take  place  in  living  tissues."  These  ideas 
were  only  partially  adopted  by  Johannes  M tiller  and 
other  leading  physiologists  of  the  day.  Schwann's  view 
could  only  be  consistently  elaborated  in  proportion  as 
Circulation  to  the  oldcr  conception  of  a  "  Stoffwechsel "  (a  cheni- 
and  energy,  ical  process)  there  was   added    that  of  a  "  Kraft "-  or 


"  Energie-wechsel  "  ^  (a  physical  process).  Bio-chemistry 
had  to  be  supplemented  by  bio-physics.  With  a  clear 
anticipation  of  the  correcter  and  fuller  view,  Schwann 
introduced  the  Greek  term  "  metabole."  It  is  the  merit 
of  Prof.  Michael  Foster  to  have  domiciled  this  useful 
and  all-comprising  technical  term  in  English  physiological 


32. 


^  Du    Bois-Reymond    ('Red en,' 
vol.  ii.  p.  220)  mentions  this  as  the 
third  important  gain   which  phys- 
iological   science    had    to   register 
since    the  appearance   of   Midler's 
book;  the   first  and   second  being 
the  cellular  theory  and  the  mech- 
anico-physical  method,  both  largely 
owing    to    Schwann.        This    was 
written    just     before     the     great 
influence  of   Darwin   began  to  be 
felt.      In  the  ideas  introduced  by 
Helmholtz,  which  clarified  the  con- 
ception of  force,  he  sees  the  "key 
which   opens   a   comprehension    of 
the   '  Stoffwechsel '   in   plants   and 
animals."        The      term      "Stoff- 
wechsel,"  also   "  Stoffumsatz,"   or 
simply  "  Umsatz,"  has  been    quite 
familiar  in    German    physiological 
literature  during  the  whole  of  the 
century.     I  cannot  find  any  gener- 
ally accepted  term  in  English  liter- 
ature  before    the   introduction   of 
Schwann's  term  '•  metabolic  phen- 
omena," which,  I  believe,  was  first 
adopted    by    Sir    M.    Foster,    and 
is  now  quite  domiciled  in  English 
text-books  and  translations.      The 
passage  in  Schwann's  'Microscop- 
ical   Researches '     is     as     follows 
{'Sydenham  Society's  Translation,' 
p.  193):   "'The  phenomena  attend- 
ing the  formation  of  cells  may  be 
arranged   in   two   natural  groups  : 
first,   those    which    relate    to    the 
combination   of   the   molecules   to 
form   a   cell,    and    which    may   be 
denominated   the   plastic  phenom- 
ena   of    the    cell  ;  secondly,   those 


which  result  from  chemical  changes, 
either  in  the  component  particles 
of   the  cell   itself   or  in   the   sur- 
rounding cytoblastema,  and  which 
may  be  called  metabolic  phenomena 
(t6^    fxera^oKiKov,    implying      that 
which  is   liable  to   occasion   or   to 
suffer  change)."      It  will   be  seen 
later  on  that  the  term  metabolism 
is   a    peculiarly    happy    one,  as   it 
lends  itself  by  a  slight  change  in 
the   prefix  to  denote  the  twofold 
process  of  building  up  and  of  run- 
ning or  falling  down,  which  con- 
stitutes  the    changes    peculiar    to 
protoplasm     as     the     constituent 
element  of  all  organised  substance. 
It  is,  accordingly,   somewhat   sur- 
prising that  the   term   has   found 
so  little  favour  abroad.     In  France, 
where  this  twofold  movement  has 
long   ago    been   recognised   as   one 
of    the    characters    of    the    living 
process,   the   terms    "  composition 
et  decomposition  "  (de  Blainville), 
"organisation  et  desorganisation  " 
(Claude  Bernard),  "  assimilation  et 
desassimilation, "have  been  variously 
adopted  (see  Claude  Bernard, '  Phen- 
omenes   de  le   vie,'  vol.   i.    p.    36, 
&c.)   M.  Yves  Delage  ('  L'Heredite,' 
p.  53)  says  :   "  Les  Anglais  ont  sub- 
stitue   a   ces   expressions   si   signi- 
ficatives :     nutrition,    assimilation, 
desassimilation,    une    terminologie 
qui  a  da  leur  paraitre   bien  belle, 
car    ils    Tout    tons    adoptee    avec 
un     empressement     remarquable ; 
c'est  celle  de  m^tabolisme,"  &c. 
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33. 
"  Metabol- 
ism." 


:{■ 
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literature,  to  have  placed  it  at  the  entrance  of  his  text- 
book of  physiolog)',  and  thus  to  have  given  the  student 
a  somewhat  more  detailed  description  of  the  elementary 
functions  of  living  matter  than  was  afforded  by  the  older 
term  *'  vortex,"  employed  by  Cuvier. 

These  merits  of  Schwann,  which  attach  more  to  the 
conception  of  "  metabolism  "  than  to  that  of  the  cell, 
are  not  reduced  by  our  having  to  state  that  the  latter 
conception  has  been  entirely  changed  since  his  time. 
The  cell  of  to-day  is  not  the  cell  as  Schwann  conceived 
it.  Of  the  pretty  clearly  defined  structure  or  organ- 
isation of  that  biologist,  with  its  wall  (membrane), 
its  kernel  (nucleus),  and  its  fluid  contents  (cell  sap), 
nothing  has  remained  but  the  cell  contents,  termed 
protoplasm  by  von  Mohl ;  and  the  living  process  can  no 
loncrer  be  considered  as  the  function  of  a  well-defined 
orcran  or  machine.  It  is  rather  the  fundamental  property 
of  an  almost  homogeneous  substance,  the  mass  of  proto- 
plasm, in  which  the  kernel  is  the  only  recognisable 
differentiated  portion.  The  immediate  effect  of  this  de- 
structive analysis  of  the  early  conception  of  the  cell  was 
to  destroy  the  idea  that  the  living  processes  carried  on  in 
any  special  cell  or  organ  are  a  result  of  its  organisation, 
as  the  function  of  an  apparatus  is  dependent  upon  the 
arrangement  and  combination  of  its  parts.  It  has  pro- 
moted the  view^  that — for  our  understanding  at  least — 
the  first  thing  to  learn  is  the  nature  of  the  processes 
themselves.  We  have  to  look  upon  the  visible  structure 
of  special  cells  and  organs  merely  as  "  mechanical  con- 
trivances, serving  only  to  modify  in  special  ways  the 
results  of  the  exercise  of  these  fundamental  activities, 


and    in    no    sense    determining    their    initial    develop- 
ment." 1 

It  seems,  then,  that  we  can  date  back  to  Schwann's 
'  Eesearches  '  the  origin  of  two  distinct  courses  of  Thought 
which  in  the  second  half  of  our  century  obtain  in 
biological  science.  The  first  we  may  call  the  morpho- 
logical or  structural  school  of  biology.      It  is  based  oni 


34. 

;  Structural 


the  theory  of  the  cell  or  some  modified  conception,  and!  a^^aiysis  of 

•^  r  '         ^  morpho- 

attempts   to   explain  the    fundamental  processes  which  eSeits. 
go  on  in   living   organisms   from   the   structure   of  the 
elementary   parts.       As   the   most  minute  particles   of 


^  See  Sir  Michael  Foster's  excel- 
lent article  on  "  General  Physiology  " 
in  the  19th  vol.  of  the  '  Ency.  Brit.,' 
9th  ed.,  p.  12.  In  this  connection 
a  passage  from  an  early  review  of 
Huxley's,  "On  the  Cell  Theory," 
has  been  frequently  quoted,  ac- 
cording to  which  cells  may  be 
''  no  more  the  producers  of  the 
vital  phenomena  than  the  shells 
scattered  in  orderly  lines  along  the 
sea  beach  are  the  instruments  by 
which  the  gravitative  force  of  the 
moon  acts  upon  the  ocean.  Like 
these  the  cells  mark  only  where  the 
vital  tides  have  been  and  how  they 
have  acted"  (1853,  in  the  *  Brit, 
and  For.  Med.  Chirurg.  Review,' 
reprinted  in  the  first  volume  of 
'  Scientific  Memoirs,'  p.  277).  Ac- 
cording to  this  view,  which  has 
been  further  developed  in  more 
recent  times,  the  cells  would  be 
"indications,"  not  instruments,  of 
the  vital  phenomena,  which  "are  not 
necessarily  preceded  by  organisa- 
tion, nor  are  in  any  way  the  result 
or  effect  of  formed  parts,  the 
faculty  of  manifesting  them  re- 
siding in  the  matter  of  which  living 
bodies  are  composed,  as  such— or, 
to  use  the  language  of  the  day, 
the  '  vital    forces '   are    molecular 


forces."     It  is  interesting  to  quote 
together   with    this    passage   from 
Huxley,  what  was  said  forty  years 
later  by  an  eminent  living  physio- 
logist, Prof.  Max  Verworn  of  Jena  : 
"  The  fact  has  been  established  that 
a    fundamental    contrast    between 
living     organisms     and     inorganic 
bodies  does  not  exist.     In  contra- 
distinction to  all  inorganic  nature, 
however,  organisms  are  character- 
ised  solely   by    the    possession   of 
certain    highly,  complex    chemical 
compounds,    especially    proteids " 
('General   Physiology,'    transl.    by 
F.  S.   Lee,  1899,  p.  126).       "We 
can  summarise  our  considerations 
and  give  simple  expression  to  the 
problem  of  all  physiology.    The  life- 
process   consists   ill   the  metabolism 
of  proteids.     If  this  be   true,    all 
physiological  research  is  an  experi- 
ment in  this   field  :  it  consists   in 
following  the  metabolism  of  proteids 
into  its  details,  and  recognising  the 
various  vital  phenomena  as  an  ex- 
pression of  this  metabolism  which 
must  result  from  it  with  the  same 
inevitable  necessity  as  the  pheno- 
mena   of   inorganic    nature    result 
from    the   chemical    and    physical 
changes  of  inorganic  bodies  "  (ibid., 
p.  136). 
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living  matter,  revealed  by  the  most  powerful  microscope 
aided   by   all   the   elaborate  processes  of  staining,  still 
appear  to  be  endowed  with  the  fundamental  properties 
of  life,  such  as  irritability,  contractility,  and  metabolism, 
i.e.,  change   in    form    and    chemical    constitution,    the 
object  of   this  line   of   research,  viz.,  the   investigation 
of  the  initial  structure  of  the  elements  of  living  matter, 
can  only  be  reached  by  indirect  means  or  by  conjecture. 
Structural    chemistry  and    stereo-chemistry    proceed  by 
similar   methods   of    investigation,   and   have   succeeded 
by  means  of  the  atomic,  molecular,  and  kinetic  theories 
of  matter  in  bringing  order  and  unity  into  a  very  large 
portion  of  our  knowledge  of  chemical  combinations.     The 
morphological  or  structural  biologist  pictures  to  himself 
very  much  more  complicated  arrangements  of  molecules 
than  the  carbon  tetrahedron  of  van  't  Hoff  or  the  benzine 
ring  of  Kekule,  yet  formed  on  similar  principles;  and 
by   continuing  in  his  mind    these  combinations  which, 
as   they  become  more  complex,  also  become  more  un- 
stable,  he  arrives   ultimately    at   a   very   complex   and 
continually  changing  chemical  structure,  which  he  imag- 
ines might  be  the  beginning  of  the  living  process,  the 
element  of   organisation.     This  conception,  so  far  as  I 
can  find,  was  first  introduced  into  biological  literature 
by   Herbert    Spencer.        He   has    termed    this   element 
of  living  matter  "  the  physiological  unit."       The  con- 
ception has  been  varied  in  endless  ways  by  many  sub- 
sequent  biologists,  all   of  whom  have  invented  special 
names  for  these  elementary  units  of  life  out  of  which 
they  hope  to  put  together  the  many  observable  proto- 
plasmic and  cellular   tissues   of    the  plant   and  animal 


organism  as  Haliy  attempted  to  build  up  crystals  out 
of  his  "  molecules  int^rantes."     The  most  elaborate  an- 
alysis of  this  conception  is  put  forward  in  the  '  Micellar 
Theory'   of    the    celebrated    botanist    Niigeli,  which   in 
Germany   has    found    favour   with    many   eminent   bio- 
logists   as    a    provisional    programme    of    the    various 
problems  involved.     It  is  clear  that  the  conception  of 
the  physiological   unit   opens  out  two  distinct  lines  of 
research.      We    can    approach   it   on   the   one   side   by 
artificially  producing  in   the   chemical  laboratory  more 
and  more  of  those  chemically  stable  compounds  which 
we   find    in    the    living   organism.     After   Wohler  had       35. 

J  J  . .  /^    •    -, ,         .  Synthesis  of 

produced    urea    artificially    m    1828,    the    number    of  °^«*^^c 
these  artificial  syntheses  greatly  increased,  and  we  are 
specially   indebted    to   M.   Berthelot   for  having   shown 
how  all  the  simpler  chemical  compounds  contained  in 
the  organism  can  be  put  together  by  inorganic  processes. 
Some   of    the   more   complex   substances    have   likewise 
subsequently  yielded  to  this  synthetic  method.     "  It  is 
possible,"  we   are    told,  "that   after  a  time   our   know- 
ledge  of  chemistry  may  have   advanced   sufficiently  to 
enable  us  to  produce  albuminous  bodies  artificially  by 
synthesis."  ^     "  We  are  already  able  artificially  to  build 
up,  atom  for   atom,  out  of   their   elements   a   series  of 
organic   compounds,  some  of  a  very  complicated   char- 
acter.     We  no   longer   doubt   that   all   the   rest,   even 
the  most   complex,  will   be   thus   produced;   it  is  only 
a  question   of    time."^     But    the   ways    in   which    the 


4 
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^  See  0.  Hertwig,  'The  Cell,'  p. 
See  G.   Bunge,  *  Physiological 


Chemistry,'  transl.  by  Wooldridge, 
p.  313. 
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chemist  puts  together  these  substances  in  the  laboratory 
are  rarely  the  methods  adopted  by  nature  in  the 
living  organism,  and  in  many  cases  the  product  itself, 
though  apparently  the  same,  is  yet  essentially  different.^ 


^  This  touches  on  a  very  im- 
portant point,  which  is  much 
empliasised  in  all  the  best  modern 
treatises  on  the  subject.  Claude 
Bernard  in  all  his  writings  insisted 
on  the  fundamental  difference  be- 
tween the  processes  going  on  in  the 
organism  and  those  that  go  on  in 
the  laboratory  of  the  organic  chem- 
ist, though  the  two  produce  fre- 
quently the  same  apparent  result. 
"  Si  les  forces  que  I'etre  vivant  met 
en  jeu  dans  ses  manifestations  vi  tales 
ne  lui  appartiennent  pas  et  rentrent 
toute-s  dans  les  lois  de  la  physico- 
chiraie  generale,  les  instruments  et 
les  procedes  a  I'aide  desquels  il  les 
fait  apparaitre  lui  sont  certainement 
speciaux.  En  effet,  I'organisme 
manifesto  ses  phenomenes  physico- 
chimiques  ou  mecaniques  a  I'aide 
des  elements  histologiques  cellu- 
laires,  epitheliaux,  musculaires,  ner- 
veux,  kc.  II  emploie  done  de  pro- 
c^des,  c'est-a-dire  des  outils  organ- 
iques  qui  n'appartiennent  qu'ii  lui. 
C'est  pourquoi  le  chimiste,  qui  pent 
refaire,  dans  son  laboratoire,  les 
produits  de  la  nature  vivante,  ne 
saurait  jamais  imiter  ses  procedes, 
parce  qui  il  ne  pent  pas  creer  les  in- 
struments organiques  elementaires 
qui  les  executent.  Cela  revient  h 
dire  que  tous  les  appareils  des  etres 
organises  ont  uiie  morphologie  qui 
leur  est  propre"  (' Kapport,'  &c., 
1867,  p.  135).  Quite  recently 
Bunge  {loc.  cit.,  p.  313)  has  said, 
"  All  our  artificial  syntheses  can 
only  be  achieved  by  the  application 
of  forces  and  agents  which  can  never 
play  a  part  in  vital  processes,  such 
as  extreme  pressure,  high  tempera- 
ture, concentrated  mineral  acids, 
free  chlorine  —  factors  which  are 
immecliately    fatal    U>    the    living 


cell.  ...  It  follows  that  the  animal 
body  has  command  of  ways  and 
means  of  a  totally  different  char- 
acter, by  which  the  same  object  is 
gained."  A  very  interesting  specu- 
lation, referring  specially  to  this 
point,  was  put  forward  by  the 
eminent  physiologist,  Prof.  E. 
Pfliiger  of  Bonn,  in  the  year  1875. 
It  is  fully  discussed  in  Verworn's 
frequently  quoted  vvork  on  General 
Physiology  (pp.  304,  311,  482). 
The  theory  is  based  upon  the  re- 
markable part  which  the  compound 
radicle  cyanogen  seems  to  play  in 
the  organism.  Pfiiiger  starts  from 
the  fundamental  characteristics  of 
the  substance  called  proteid,  with 
which  life  is  inseparably  con- 
nected. Proteid  is  known  to  exist 
in  a  stable  form  in  food-stuffs,  for 
instance  in  egg  albumen.  But  this 
is  not  the  same  as  the  proteid  con- 
tained in  living  matter.  In  the 
latter  it  is  not  3tal)le,  but  is  being 
continually  decomposed.  The  de- 
composition was  found  to  be  due 
to  the  oxygen  that  occurs  in  the 
living  proteid  molecule.  This  oxy- 
gen, which  is  intramolecular,  being 
continually  received  from  outside 
by  respiration,  transforms  the  more 
stable  molecule  into  an  unstable 
labile  molecule.  In  further  follow- 
ing the  clue  afforded  by  this  pro- 
perty, and  comparing  the  decom- 
position products  of  living  proteid 
with  those  obtained  bv  artificial 
oxidation  of  dead  proteid,  Pfliiger 
is  led  to  the  conclusion  that  the 
presence  of  the  radicle  cyanogen  in 
the  living  proteid  will  explain  the 
difference.  '*In  the  formation  of 
cell-substance — i.e.,  of  living  proteid 
— out  of  food  proteid,  a  change  of 
the  latter  takes  place,  the  atoms  of 


ON   THE    VITALISTIC    VIEW    OF   NATUBE.        427 


Another  way  of  inquiry  is  to  analyse  the  existing 
organic  tissues  still  further  by  microscopic  and  chemical 
methods,  in  order  to  find  out  how  they  are  built  up. 
As  the  result  of  such  inquiries  we  have  a  framework 
theory  of  protoplasm,  a  foam  theory,  a  filament  theory, 
a  granular  theory ;  and  the  attempt  has  been  made  to 
define  living  protoplasm  as  a  colony  of  still  smaller 
structural  units  termed  "  bioblasts."  By  this  twofold 
method — by  synthesis  and  by  analysis — the  biologist 
may  attempt  to  approach  the  physiological  unit,  the  seat 
and  stronghold  of  the  vital  process.^ 


nitrogen  entering  into  a  cyanogen- 
like  relation    with    the    atoms   of 
carbon,  probably  with  the  absorp- 
tion of  considerable  heat."     Cyano- 
gen   being  a   radicle   possessing   a 
great  quantity  of  internal  energy, 
the   addition    of    it   to   the   living 
molecule  "introduces  into  the  living 
matter  energetic  internal  motion." 
The  interest  which  attaches  to  the 
theory  lies  in  this,  that  it  allows  us 
to  form  some  conception  how  living 
matter  originated.     This  problem  is 
indentified  with  the  problem,  How 
does    cyanogen     arise?      This    we 
know  is  formed  at  an  incandescent 
heat.      "Accordingly,    nothixig    is 
clearer  than  the  possibility  of  the 
formation  of  cyanogen  compounds 
when  the  earth  was  wholly  or  par- 
tially in  a  fiery  or  heated  state.  .  .  . 
If,  now,  we  consider  the  immeasur- 
ably long   time  during  which  the 
cooling     of     the     earth's     surface 
dragged    slowly    along,    cyanogen, 
and   the   compounds   that  contain 
cyanogen    and    hydrocarbon     sub- 
stances,   had   time   and   opportun- 
ity   to    indulge    extensively    their 
great   tendency   towards    transfor- 
mation, .  .  .  and  to  pass  over,  with 
the   aid   of   oxygen,    and    later   of 
water    and    salts,    into    that    self- 
destructive  proteid,  living  matter. 


.  .  .  The  first  proteid  to  arise  was 
living  matter,  endowed  in  all  its 
radicles  with  the  property  of 
vigorously  attracting  similar  con- 
stituents, adding  them  chemically 
to  its  molecule,  and  thus  growing 
ad  infinitum.'^  This  theory  is  in- 
teresting, as  it  is,  so  far  as  I  know, 
the  only  attempt  to  reconcile  the 
existence  of  living  matter  with  the 
fact  of  the  high  temperature  which 
once  existed  on  the  earth. 

^  A  description  of  these  several 
theories  on  the  structure  of  proto- 
plasm, among  which  the  micellar 
theory  of  Nageli,  the  foam  theory 
of    Biitschli,  and   the    "bioblasts" 
of  Altmaun,  have  been  elaborately 
developed,  will  be  found  in  Prof. 
0.  Hertwig's  work  on   'The  Cell' 
(Engl,  transl.,  p.   19,  &c.),  as  also 
in   M.  Yves   Delage's  great   work, 
'L'H^redite'  (pp.  299-310).     Ver- 
worn  (loc.  cit.,  p.  87)  draws  special 
attention    to     the    "alveolar"    or 
"  foam  "  theory,  which,  built  upon 
investigations    of    Prof.     Quincke, 
has  "  completely  clarified  our  ideas 
upon  the  real  nature  of  the  proto- 
plasmic   structures    so    much   ob- 
served. ...  As   a   result  of  these 
recent  investigations  the  following 
picture  can  be  formed  of  the  finer 
morphological  structure  of  proto- 
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"physical 
method. 


There  is,  however,  a  second  way  open  to  the  student 
of    the    phenomena   of    life,  and    this   may  be    termed 
the  "  physical  method,"  as  opposed  to  the  "  structural." 
"  Thus  chemists  and  physicists  first  establish  the  general 
laws  of  motion  and  change  in  dynamics  and  energetics, 
and  subsequently  apply  them  to  special  problems,  such 
as    those   of    physical    astronomy   or   the   chemistry   of 
electrolysis    and    solution.      Similarly    the    physiologist 
may  study  the  processes  common  to  all  living  matter, 
and  look  upon  the  action  of  a  definite  cell,  tissue,  or 
organ  merely  as  an  application  of  these  general  processes. 
From  this  point  of  view  structural  biology,  like  struc- 
tural chemistry,  only  furnishes  illustrations,  not  an  ex- 
planation, of   the  vital  processes:  the  special  structure 
or    organ    is    a    result    of    the    process    or    function — 
not  its  cause.     As  Prof.  Michael  Foster  says,  "  We  may 
throw   overboard   altogether   all   conceptions   of   life   as 
the  outcome  of   organisation,  as   the   mechanical  result 
of    structural    conditions,    and    attempt    to    put    physi- 
ology  on   the   same   footing   as  physics   and  chemistry, 
and   regard   all  vital   phenomena   as   the   complex  pro- 
ducts  of   certain    fundamental   properties   exhibited   by 


\ 


matter,  which,  either  from  its  intrinsic  nature  or  from 


plasm.  Protoplasm  consists  of  a 
ground  mass  in  many  cases  com- 
pletely homogeneous,  in  most  cases 
very  finely  foam-like  or  honeycomb- 
like, in  which  lies  embedded  a 
greater  or  less  quantity  of  very 
various  solid  elements  or  granules. 
In  the  foam  -  like  protoplasm  the 
granules  always  lie  at  the  corners 
and  angles  where  the  foam-vacuoles 
come  together,  never  in  the  liquid 
of  the  bubbles  themselves."  Some 
physiologists   think    that    none   of 


the  descriptions  of  protoplasmic 
architecture  help  us  much,  and 
"  hold  to  the  fundamental  principle 
that  living  matter  acts  by  virtue  of 
its  structure,  provided  the  term 
structure  be  used  in  a  sense  which 
carries  it  beyond  the  limits  of  ana- 
tomical investigation — i.e.,  beyond 
the  knowledge  which  can  be  at- 
tained either  by  the  scalpel  or  the 
microscope"  (Burdon  Sanderson, 
'Address,'  Brit.  Assoc,  1889,  p. 
607). 
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its  existing  in  peculiar    conditions,  is  known  as  living 
matter."  ^ 

Thus,  instead  of  trying  to  penetrate  to  the  physio- 
logical units  and  construct  them  through  a  process  of 
imagination,  this  latter  class  of  biological  thinkers  con- 
fine themselves  to  the  task  of  describing  in  the  simplest 
manner  and  as  completely  as  possible  the  various  proper- 
ties of    the  living   substance — i.e.,  its  functions.^    And 


37. 
Properties 
of  the  living 
substance. 


1  *Eucy.  Brit.,'  article  "Physi- 
ology," vol.  xix.  p.  12.  See  also  an 
address  delivered  by  Prof.  Burdon 
Sanderson  at  the  meeting  of  the  Brit. 
Assoc,  at  Newcastle  in  1889  ('Re- 
port,' p.  604)  :  "  During  the  last  ten 
or  fifteen  years  histology  has  carried 
her  methods  of  research  to  such  a 
degree  of  perfection  that  further 
improvement  scarcely  seems  pos- 
sible. As  compared  with  these 
subtle  refinements,  the  '  minute 
anatomy '  of  thirty  years  ago  seems 
coarse — the  skill  for  which  we  once 
took  credit  seems  but  clumsiness. 
Notwithstanding,  the  problems  of 
the  future  from  their  very  nature 
lie  as  completely  out  of  reach  of  the 
one  as  the  other.  It  is  by  different 
methods  of  investigation  that  our 
better  -  equipped  successors  must 
gain  insight  of  those  vital  processes 
of  which  even  the  ultimate  results 
of  microscopical  analysis  will  ever 
be  as  they  are  now,  only  the  out- 
ward and  visible  signs "  (p.  608). 

-  As.  Prof.  Burdon  Sanderson  puts 
it  in  his  '  Address,'  it  is  a  reversion 
to  a  position  which  is  not  new  in 
the  history  of  physiology.  "The 
departure  from  the  traditions  of 
our  science  which  this  change  of 
direction  seems  to  imply  is  indeed 
more  apparent  than  real.  In  tracing 
the  history  of  some  of  the  greatest 
advances,  we  find  that  the  recogni- 
tion of  function  has  preceded  the 
knowledge  of  structure.  Haller's 
discovery  of  irritability  was  known 


and  bore  fruit  long  before  anything 
was  known  of  the  structure  of 
muscle  "  (p.  607).  "...  In  much 
more  recent  times  the  investigation 
of  the  function  of  gland  -cells,  which 
has  been  carried  on  with  such  re- 
markable results  by  Prof.  Heiden- 
hain  in  Germany,  and  with  equal 
success  by  Mr  Langley  in  this 
country,  has  led  to  the  discovery 
of  the  structural  changes  which 
they  undergo  in  passing  from  the 
state  of  repose  to  that  of  activity  ; 
nor  could  I  mention  a  better  ex- 
ample than  that  afforded  by  Dr 
Gaskell's  recent  and  very  important 
discovery  of  the  anatomical  differ- 
ence between  cerebro- spinal  nerves 
of  different  functions  "  (ibid.)  What 
has  to  a  great  extent  worked  this 
important  change  in  the  methods 
and  reasoning  in  physiology  is  the  re- 
cognition of  "plurality  of  function 
with  unity  of  structure,"  a  principle 
urged  strongly  by  the  experimental 
school  of  medicine,  with  Claude 
Bernard  as  its  greatest  representa- 
tive. Notably  this  was  the  effect  of 
his  "demonstration  that  the  liver 
had  other  things  to  do  in  the  animal 
economy  besides  secreting  bile. 
This,  at  one  blow,  destroyed  the 
then  dominant  conception  that  the 
animal  body  was  to  be  regarded  as 
a  bundle  of  organs,  each  with  its 
appropriate  function— a  conception 
which  did  much  to  narrow  inquiry, 
since  when  a  suitable  function  had 
once  been    assigned    to    an    organ 
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3S. 
Environ- 
ment. 


here  we  meet  first  of  all  with  the  great  fact  that  a  living 
thing  cannot  be  conceived  to  exist  alone  ;  it  is  dependent 
upon  its  environment,  and  upon  other  living  things  of 
similar,  never  quite  identical,  and  mostly  very  difi'erent 
nature.  As  a  consequence  of  the  conception  which 
guided  Lamarck  in  contemplating  the  living  world — 
especially  the  crowd  of  living  things  which  before 
him  had  remained  unobserved  —  the  inHuence  of  en- 
vironment   plays   a  greater    and    greater   part    in    the 

(study  of  every  form  of  life.  The  further  funda- 
mental property  of  all  living  matter — that  it  absorbs 
through  intussusception  other  matter  wliich  surrounds 
it,  that  it  grows  and  multiplies  by  division,  casting 
off  some  portions  of  its  own  substance  as  useful 
secretions  or  cumbrous  and  useless  excretions — has  the 
twofold  result  that  every  living  thing  modifies  its  own 
surroundings  and  that  it  creates  a  society  of  its  like  which, 
through  an  automatic  process  of  crowding-out,  exercises 
a  kind  of  selection  among  its  members,  they  being  forced 
to  accommodate  themselves  to  circumstances  and  to  each 

fother.^    The  process  suggested  by  Darwin  as  the  rationale 


there  seemed  no  need  for  further  in- 
vestigation. Physiology,  expounded 
as  it  often  wa^  at  that  time  in  the 
light  of  such  a  conception,  was  apt 
to  leave  in  the  mind  of  the  hearer 
the  view  that  what  remained  to  be 
done  consisted  chiefly  in  determin- 
ing the  use  of  organs  such  as  the 
spleen,  to  which  as  yet  no  definite 
function  had  been  allotted.  The 
discovery  of  the  glycogenic  function 
of  the  liver  struck  a  heavy  blow 
at  the  whole  theory  of  functions." 
(Sir  M.  Foster  in  '  Claude  Bernard,' 
p.  90. )     On  the  necessary  condition 


of  the  exi)erimental  as  distinguished 
from  the  anatomical  method,  namely, 
that  it  deals  with  the  organism 
whilst  it  is  alive,  see  the  conclud- 
ing remarks  in  Sir  M.  Foster's 
article  on  "  General  Physiology  "  in 
the  *  Ency.  Brit.,'  vol.  xix. 

^  The  relations  of  living  things 
to  each  other  and  to  their  environ- 
ment admit  of  being  contemplated 
in  two  ways,  which  may  be  best 
distinguished  by  a  reference  to 
human  society,  exhibiting  as  it  does 
the  two  phenomena  of  co-operation 
and   of   competition.      The  former 


of  variation  and  development  is  more  and  more  coming 
to  be  recognised  as  an  inevitable  property  of  all  growing 
and  multiplying  living  things.  So  far  as  the  influence 
on  the  environment,  the  medium  in  which  it  lives,  is 
concerned,  we  owe  to  the  great  French  biologist,  Claude 
Bernard,  the  helpful  conception  of  the  inner  medium,-^  as 


is  based  upon  harmony,  the  latter 
upon  conflict.     The  former  aspect 
is  more  particularly  emphasised  by 
the  French  school  of  Lamarck,  de 
Blainville,    and    Claude    Bernard  ; 
the  latter    more    by    the   English 
school    of    Malthus    and  Darwun  ; 
each  starting    apparently   without 
any  reference  to  the  other.    Claude 
Bernard  in  particular  says('  Pheno- 
menes  de  la  vie,'  vol.  i.  p.  67) :  "  Pour 
nous  la  vie   rdsulte  d'une    conflit, 
d'une  relation  etroite  et   harmon- 
ique  entre  les  conditions  ext^rieures 
et    la    constitution    pre-etablie   de 
I'organisme.      Ce   n'est    point   par 
uue     lutte    contre    les    conditions 
cosmiques   que  I'organisme  se   de- 
veloppe    et    se     maintient ;    c'est, 
tout  au  contraire,  par  une  adapta- 
tion, un  accord  avec  celles-ci.   .  .   . 
L'etre  vivant  ne  constitue  pas  une 
exception   a    la    grande    harmonic 
naturelle   qui   fait   que  les   choses 
s'adaptent  les  unes  aux  autres  ;  il 
ne  rompt  aucun  accord  ;  il  n'est  en 
contradiction  ni   en  lutte  avec  les 
forces    cosmiques    g^nerales  ;  bien 
loin  de  la,  il  fait  partie  du  concert 
universel  des   choses,  et  la  vie  de 
I'animal,  par  exemple,  n'est  qu'un 
fragment  de  la  vie  totale  de  I'uni- 
vers." 

^  Although  the  biology  of  Claude 
Bernard  does  not  contain  the 
principle  of  descent  and  evolution 
which  so  powerfully  influenced  the 
contemporary  writings  of  English 
and  German  naturalists,  one  is 
nevertheless  reminded  of  the  ideas 
of  Lamarck  in  reading  the  second 


of  his  lectures  on  the  '  Phenomena 
of    Life'    (vol.     i.    pp.     65-124), 
Lamarck   had   expressed    the   idea 
that    in    the    graduated    scale    of 
living  things  we   recognise   an    in- 
creasing independence  with  regard 
to  the  external  environment.     (See 
supra,  chap.  vii.  p.  315.)     Claude 
Bernard   says  (p.    67):   "  Le  mode 
des  relations  entre  l'etre  vivant  et 
les  conditions  cosmiques  ambiantes 
nous   permet    de    considerer   trois 
formes  de  la  vie,  suivant  qu'elle  est 
dans  une   dependance  tout   a   fait 
etroite  des  conditions   exterieures, 
dans  ude  ddpendance  moindre,  ou 
dans  une ind^pendance  lelative.  Ces 
trois  formes  de  la  vie  sont  :  1°,  La 
vie    latente ;    vie    non    manifestee. 
2°,  La  vie  osciUante  ;  vie  ii  manifes- 
tations variables  et  dependantes  du 
milieu   exterieur.     3°,  La  vie  con- 
stante ;  vie  a  manifestations  libres 
et    independantes    du    milieu    ex- 
terieur."'    Examples   of   the    "vie 
latente "   are  to  be  found   in  the 
vegetable  and  animal  creation  alike. 
Grains  of  seed,  desiccated  animals, 
germs,  eggs,  ferments,  yeast,  &c., 
are  examples.   All  vegetables  belong 
to  the  class  of  the  vie  osciUante,  also 
among    animals   all    invertebrates, 
and   among  the  vertebrates  those 
with  cold  blood.     These  depend  on 
cosmic     conditions,    the    cold     of 
winter,  and   the  reviving   heat   of 
summer,  &c.     The  higher  animals 
with  warm  blood  whose  tempera- 
ture is  constant    are   not   in    the 
same  way  subject  to  the   influence 
of   the   external     medium.      They 
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it  were  the  inner  atmosphere  which  any  large  assembly 
of  living  units  must  necessarily  create  for  itself.  All 
larger  organisms  are  complex  societies  of  living  units 
which  depend  not  only  on  the  external  but  also  on  the 
internal  medium  which  bathes  them.  It  was  one  of 
Claude  Bernard's  happiest  generalisations  to  look  upon 
the  blood,  not  as  a  living  tissue  but  as  a  means  of  com- 
munication of  the  living  tissues  of  the  organism,  as 
an  internal  medium  which  bears  the  same  relation  to 
the  constituent  tissues  that  the  external  medium,  the 
atmosphere,  does  to  the  whole  body. 

One  of  the  principal  functions  of  this  artificial  medium 
or  atmosphere  which  the  larger  organisms  possess,  create 
and  maintain  for  themselves  during  their  life,  is  to 
enable  a  particular  elementary  substance  to  get  access 
to  every  living  cell  or  tissue  of  the  organism.  This 
substance  is  oxygen,  without  which  the  continuance 
of  life  in  tlie  higher  organisms  seems  impossible. 
That  life  is  a  process    of    combustion  is  accordingly  a 


possess  "un  milieu   interieur  per- 
fectionne"     (p.     104).      But    they 
begin    their     existence    as    beings 
with  an  oscillating  life  when  they 
are  in  the  form   of   eggs.     Of  the 
vie  constantc  on  litre  Claude  Bernard 
says  :    "  Je   crois  avoir  le  premier 
insiste  sur  cette  idee  qu'il  y  a  pour 
Tauimal  reellement  deux  milieux  ; 
un  milieu  exterieur  dans  lequel  est 
place    I'organisme,    et    un    milieu 
interieur    dans    lequel    vivent    lea 
elements   des   tissus.      L'existence 
de  I'etre  se  passe,  non  pas  dans  le 
milieu  exterieur,  air  atmospherique 
pour   I'etre  aerien,   eau   douce   ou 
salee  pour  les  animaux  aquatiques, 
mais  dans    le    milieu    liquide    in- 
terieur     forme      par     le     liquide 


organique  circulant  qui  entoure  et 
baigne  tous  les  elements  anatom- 
iques  des  tissus  ;  c'est  la  lymphe 
ou  le  plasma,  la  partie  liquide  du 
sang  qui  chez  les  animaux  superieurs, 
p^netre  les  tissus  et  constitue 
I'ensemble  de  tous  les  liquides  in- 
terstitials,  expression  de  toutes  les 
nutritions  locales,  source  et  con- 
fluent de  tous  les  echanges  ele- 
mentaires.  Un  organisme  complexe 
doit  etre  considere  comme  une 
reunion  d'itres  simples  qui  sont 
les  elements  anatomiques  et  qui 
vivent  dans  le  milieu  liquide  in- 
terieur. La  fixit6  du  milieu  in- 
terieur est  la  condition  de  la  vie 
libre  independante"  (p.  113). 
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definition  which  has  been  put  forth  in  various  ways 
ever  since  Lavoisier's  time,  when  he  and  Laplace  tried 
to  explain  the  existence  of  animal  heat  in  this  manner. 
The  progress  of  science  in  the  course  of  the  century 
which  followed  Lavoisier  has  more  and  more  confirmed 
the  importance  of  the  rdle  which  oxygen  plays,  but  has 
also  shown  how  very  complex  are  the  products  of 
oxygenation  in  the  living  organism, — how  the  living 
processes  are  indeed  chemical  processes,  but  are  quite 
different  from  those  of  the  chemical  laboratory.  As 
Claude  Bernard  says,  "The  chemistry  of  the  laboratory 
is  carried  on  by  means  of  reagents  and  apparatus 
which  the  chemist  has  prepared,  and  the  chemistry 
of  the  living  being  is  carried  on  by  means  of  reagents 
and  apparatus  which  the  organism  has  prepared."  ^ 
One  of  the  great  performances  of  living  matter  is 
the  production,  another  is  the  storing  up  and  distri- 
bution, of  oxygen.  But  though  we  know  that  the 
chlorophyll  -  containing  cells  of  green  plants,  under 
the  influence  of  sunlight,  are  able  to  decompose  that 
very  inert  body,  carbonic  acid,  breathed  out  by  both 
animals  and  plants,  into  free  oxygen  and  carbon,  allow- 
incr  the  carbon  to  be  retained  or  utilised  in  the  form 
of   more    or    less    complex    carbohydrates,  and    though 


^  See  especially  the  extensive  ex- 
planations in  the  *  Rapport  sur  lea 
progres  de  la  Physiol,  gen.'  (1867, 
p.  133  sqq.)  :  "Les  phdnom^nes 
physico-chimiques  qui  se  passent 
dans  les  corps  vivants  sont  exacte- 
ment  les  memes,  quant  h  leur  nature, 
quant  aux  lois  qui  les  r^gissent  et 
quant  h,  leurs  produits,  que  ceux 
qui  se  passent  dans  les  corps  bruts ; 
ce  qui  differe,  ce  sont  seulement  les 

VOL.  IL 


procedes  et  les  appareils  h  I'aide  des- 
quels  ils  sont  manifestos.  ...  II 
est  deja  prouve  qu'un  grand  nombre 
de  phOnom^nes  qui  s'accomplissent 
dans  les  corps  vivants  peuvent  etre 
reproduits  artificiellement,  en  de- 
hors de  I'organisme,  dans  le  monde 
mineral.  Mais  ce  que  Ton  ne  pent 
pas  reproduire,  ce  sont  les  procedes 
et  les  outils  speciaux  de  I'organisme 
vivant"(p.  222). 

2  E 
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we  also  know  that  the  red  blood  corpuscles  in  verte- 
brate animals  convey  oxygen  in  a  concentrated  form^ 
through  all  the  organs,  giving  it  up  wherever  it  may 
be  wanted,  the  real  chemical  process  concerned  in  the 
action  of  chlorophyll  is  not  cleared  up ;  -  and  "  no  one 
has  been  able  hitherto  to  explain,  by  a  reference  to 
physical  laws,  the  active  functions  of  the  heart  and 
muscular  wall,"  by  which  the  circulation  of  the  blood 

is  effected.^ 

In  the  explanation  of  many  physiological  phenomena 
no    idea    has    proved    more     fruitful    than    the    con- 
ception of   natural   selection,  introduced  by   Darwin  to 
explain    the    growing    diversity    and    the    purposeful- 
ness  of   organisms.     Coupled  with   the  cellular  theory, 
which   looks   upon   every  living   organism   as  a  society 
of  self -accommodating  individual  units  or   cells,  forced 
by  circumstances  into  differentiation  of   form  and  into 
divided  labour  or  function,  it  relieved  biologists  of  that 
spectre    of    vitalism    which    still    survived    after    Lotze 
and    Du    Bois-Keymond    had   placed   the   creative   and 
formative   influence   outside  of   the  mechanism— as  the 
watchmaker  lives  outside  of  the  watch,  which  exhibits 
only  mechanical  contrivances.     That  which  puzzles  the 
spectator  of  the  watch,  as  it  does  the  spectator  of  every 

1  See      Bunge,      *  Physiological 

Chemistrj','  p.  275. 

-  "Ironplays  an  important  part  in 

vegetable  life  :  we  know  that  chlo- 
rophyll granules  cannot  be  formed 
without  it.  If  plants  are  allowed 
to  grow  in  nutritive  solutions  free 
from  iron,  the  leaves  are  colourless, 
but  become  green  as  soon  as  an 
iron  salt  is  added  to  the  fluid  in 
which  the  roots  are  immersed.     It 


is  even  sufficient  merely  to  brush 
the  surface  of  the  colourless  leaf 
with  a  solution  of  an  iron  salt  to 
cause  the  appearance  of  the  green 
colour  in  the  part  thus  painted. 
Chlorophyll  itself  contains  no  iron, 
and  we  do  not  know  in  w^hat  way 
the  iron  is  concerned  in  its  produc- 
tion" (Bunge,  loc.  ciL,  p.  2.5).  See 
also  Hertwig,  'The  Cell,'  p.  153. 
3  Bunge,  p.  7 ;  cf.  also  p.  275. 


organism,  is  the  apparent  design  and  purpose,  without 
which  neither  could  be  conceived  to  have  been  formed.^ 
Here,  then,  the  idea  that  it  was  a  process  of  natural 
choice,  of  automatic  adjustment,  which  produced  the 
apparent  end  and  purpose  at  tlie  moment  when  the 
structure  itself  was  produced,  came  as  a  great  relief.^ 
It  explained  how  it  comes  about  that  nature,  even 
with  unloaded  dice,  so  often— yet  not  always— throws 
doublets.  It  permitted  naturalists  and  physiologists 
to   use   purpose   and    final    cause,  not    as    an    explana- 

tion,   but  as  an  indication  where  to  look  for  causal 

that  is,  for  mechanical — connections.  Accordingly  the 
first  systematic  attempt  to  use  natural  selection  in 
the  explanation  of  the  adjustment  of  the  internal 
parts  of   an  organism,  which  is  due   to  Prof.  Wilhelm 


40. 
Natural 
selection 
within  the 


^  "  The  main  problem  which  the 
organic  world  offers   for  our  solu- 
tion is  the  purposefulness  seen  in 
organisms.     That  species  are  from 
time  to  time  transformed  into  new 
ones  might  perhaps  be  understood 
by    means    of    an    internal    trans- 
forming force,  but   that   they  are 
so   changed   as    to   become    better 
adapted     to    the    new    conditions 
under  which  they  have  to  live  is 
left  entirely  unintelligible  "  (Weis- 
mann    on    Xageli's    "  Mechanisch- 
Physiologische     Theorie     der    Ab- 
stammungslehre  "  in  '  Essays  upon 
Heredity,'  Engl.  transL,  p.  257). 

-  See  Du  Bois-Reymond's  Ad- 
dress, "Darwin  versus  Galiani " 
(•Reden,'  vol.  i.  p.  211,  &c.): 
"Here  is  the  knot,  here  the  great 
difficulty  that  tortures  the  intellect 
which  would  understand  the  world. 
AVhoever  does  not  place  all  activity 
wholesale  under  the  sway  of  Epi- 
curean chance,  whoever  gives  only  : 
his  little  finger  to  teleology,  will 
inevitably   arrive    at    Paley's    dis- 


carded '  Natural  Theology,'  and  so 
much  the  more  necessarily,  the  more 
clearly  he  thinks  and  the  more  in- 
dependent his  judgment.  .  .  .  The 
physiologist  may  define  his  science 
as    the    doctrine    of    the    changes 
which  take  place  in  organisms  from 
internal  causes.  ...  No  sooner  has 
he,  so  to  speak,  turned  his  back  on 
himself  than  he  discovers  himself 
talking    again    of    functions,    per- 
formances,   actions,    and    purposes 
of    the    organs.      The    possibility, 
ever  so  distant,  of  banishing  from  vJ 
nature    its    seeming    purpose,  and 
putting  a  blind  necessity  everywhere 
in  the  place  of  final  causes,  appears 
therefore   as   one   of    the   greatest 
advances  in  the  world  of  thought, 
from  which  a  new  era  will  be  dated 
in  the  treatment  of  these  problems. 
To  have  somewhat  eased  the  torture 
of  the  intellect  which  ponders  over 
the  world-problem  will,  as  long  as 
philosophical   naturalists  exist,  be 
Charles  Darwin's  greatest  title  to 
glory  "(p.  216). 
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Eoux  in  his  work  on  the  'Struggle  of  the  Parts  in 
the  Organism;  was  hailed  by  Darwin  as  "the  most 
important  book  on  development  that  has  appeared 
for  some  time."  ^  In  modern  books  on  physiology  the 
process  of  selection  is  a  familiar  conception ;  but  if  m 
natural  history,  in  the  life  of  plants  and  insects,  there 
still  remain   many  extraordinary  instances  of   selection 


1  The   work   appeared    in   1880, 
and   is  referred  to  by  Darwin   in 
a    letter    to    Romanes  ('Life   and 
Letters,'    vol.    iii.     p.    244;    16th 
April    1881),    where    he    suggests 
also    a    similar    consideration     of 
plant     life      and     structure.      It 
has    been    republished    in    Roux's 
'Gesammelte    Abhandlungen     zur 
Entwickelungsmechanik  der  Organ- 
ismen  '  (Leipzig,  1895,  2  vols.),  with 
an    interesting   preface   (vol.   i.    p. 
139,  &c.).  and  many  historical  and 
critical  digressions.      It   originally 
emanated  from  the  earliest  school 
of  Darwinism  in  Germany,  repre- 
sented bv  Haeckel,  Gegenbaur,  and 
Prever,  'at     Jena.     It    has     been 
found    very    suggestive,    and    has 
been     the '  beginning    of    a    very 
large    controversial     literature    in 
Germanv,    in    which     the    funda- 
mental 'problems  of  biology   have 
been  discussed,  and  have  received 
new  formulations.     The  idea  of  the 
struggle  of  individuals  for  survival, 
suggested  by  Darwin,  is  applied  by 
Roux   to   the   diflTerent   parts   and 
organs   within   the  developing  or- 
ganism.    Du  Bois-Reymond  almost 
contemporaneously    published    his 
brilliant     and    celebrated    address 
on      "Exercise"      ("  Ueber      die 
Uebung,"  •  Reden,'  vol.  ii.  p.  404). 
In  England  Roux's  suggestive  treat- 
ise  does   not  seem    to   have   been 
much    noticed,    and    Prof.    Roux 
himself  attributes  this  to  the  in- 
adequate   notice   of    the   book   by 
Romanes   in   'Nature'   (vol.   xxiv. 
[>.     505),    in    which    his    doctrine 


was    erroneously    compared    with 
Spencer's    ideas    of    "direct   equi- 
libration."    Prof.  J.   A.  Thomson, 
in    'The   Science   of    Life,'^  refers 
to  the  importance  of  Roux's  work 
(pp.   138,  229),  and  of  his  '  Archiv 
fiir  Entwickelungsmechanik.'  Roux 
has     been     classed     by     some    of 
his    critics    among    the    "  orgam- 
cists,"    a    school     represented     m 
France  chiefly  by  Claude  Bernard. 
The     main     thesis    of    this    view  \ 
seems  to  be  that   the   phenomena  \ 
of  life  consist   in   the  play  of  two 
factors— the  organisation  and   the 
environment   of   the  living   thing. 
Roux  applies  the  process  of  natural 
selection   and   consequent    adapta- 
tion, which  Darwin  sees  at  work 
in  a  crowd  of  living  things,  to  the 
organisation     of     the     individuals 
themselves,    each    of    which    is    a 
microcosm,    a    society    of    auton- 
omous   units,    say    of    cells.      He 
has     accordingly     gone      a     step 
farther     back      than      the      older 
"  organicists,"    studying    the    de- 
velopment,   the     genesis     of     the 
organism  on  Darwinian  lines.     M. 
Delage  accordingly  dates  from  him 
a     new    school    of     "  organicism. 
"  L'organicisme  commence,  a  mon 
sens,    avec    Descartes    (1642),    se 
continue      avec      Bichat,      Claude 
Bernard,     et     arrive     avec     Roux 
(1881)  U  une  th^orie  si  profonde- 
ment  modifide,  bien  qu'elle  derive 
du    meme    principe,    qu'elle    peut 
etre      consideree      comme      toute 
moderne"  ('L'Her^dit^,'  p.  408). 
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for  which  no  teleological  mechanism  has  been  invented, 
still  more  are  we  baffled  by  the  apparent  "autonomy 
of  the  living  cell,"  in  consequence  of  which  it  is,  e.g., 
''able  to  select  its  food,  retaining  what  is  useful  and 
rejecting  what  is  harmful."  ^  And  what  shall  we  say 
of  the  so-called  "  wandering  cells,  which  are  actually 
sent  out  by  the  organism  in  order  to  absorb  in  the 
alimentary  canal  food-stuffs,  notably  fat,  returning  with 
it  into  the  blood,  or  to  receive  into  themselves  malig- 
nant bacteria,  making  them  innocuous  by  a  process  of 
digestion  ?  "  ^  Xo  mechanical  physico-chemical  explana- 
tion of  this  process  is  imaginable,  and  the  word 
"  selection,"  with  which  Darwin  charmed  away  so  many 
mysteries,  has  revealed  new  ones  in  their  place.^ 


^  See  the  very  interesting  and 
frequently  quoted  address  by  Prof. 
G.  K.  Rindfleisch  (Wiirzburg,  1888), 
entitled  '  Arztliche  Philosophie, ' 
p.  13. 

-  Rindfleisch,  loc.  cit,  p.  15. 

^  Inthisconnectionitisinteresting 
to  refer  to  a  discussion  which  was 
raised  by  the  suggestive  address  of 
Prof.  F.  R.  Japp,  entitled,  "  Stereo- 
chemistrv  and  Vitalism"  ('Brit. 
Assoc.  Report,'  1898,  p.  813).  It 
refers  to  the  discovery  by  Pasteur 
of  '*chirality"  in  solutions  of 
certain  crystallised  organic  salts, 
on  which  I  reported  in  vol.  i. 
p.  450.  "Pasteur  regarded  the 
formation  of  asymmetric  organic 
compounds  as  the  special  pre- 
rogative of  the  living  orj^anism. 
Most  of  the  substances  of  which 
the  animal  and  vegetable  tissues 
are  built  up— the  proteids,  cell- 
ulose —  are  asymmetric  organic 
compounds."  Now,  in  his  ex- 
periments on  fermentation  Pasteur 
found  that  "  the  asymmetric  living 
organism    selected    for    its    nutri- 


ment  that   particular   asymmetric 
form"   out   of  a   mixture   of  two 
enantiomorphous   compounds    held 
in    solution  —  "which    suited     its 
needs-^and  left  the  opposite  form 
either   wholly    or,    for    the    most 
part,  untouched"  (p.  817).     Prof. 
Japp    proceeds     to    consider     the 
opinion   then   formed   by  Pasteur, 
"  that  compounds  exhibiting  optical 
activity  have  never  been  obtained 
without   the   intervention  of  life" 
(p.    818).      This    view,    to    which 
Pasteur    adhered,    and    which    he 
defended     against      eminent     op- 
ponents,     has      been      frequently 
challenged,   and   seemed   definitely 
set    aside    by    the    explanation    of 
Prof.  Emil  Fischer  of  Berlin,  and 
by  Juugfleisch's  synthesis  of  race- 
mic  acid  and   its  resolution    into 
dextro-    and    lavo  -  tartaric    acids. 
.  .  .  "Consequently, the  overwhelm- 
ing marjority  of  chemists  hold  that 
the  foregoing  synthesis  and  separ- 
ation of  optically  active  compounds 
have    been    effected    without    the 
intervention  of  life,  either  directly 
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41. 

Mobility 
of  living 
matter. 


Another  property  of  all  living  matter  which  has  been 
seized  upon  to  furnish  a  definition  of  life  is  its  extreme 
mobiUtv.  It  has  been  stated  that  the  ^jreat  difference 
between  living  and  non-living  matter  is  this — that  the 
former  is  in  a  state  of  movable  or  dynamical  equilib- 
rium, whereas  the  latter  tends  always  to  a  condition 
of  rest  or -of  statical  equilibrium.  This  was  especially 
urged  by  the  late  celebrated  Du  Bois-Eeymond  of 
Berlin,  to  whom  we  owe  the  greater  part  of  our  know- 
ledge of  the  physical  and  chemical  changes  exhibited 
in  the  active  nervous  system.  In  comparison  with 
this  property  of  a  dynamical  equilibrium,  explained  by 
the  analogy  of  a  fountain  of  water  or  a  vortex  which 
change  their  substance  whilst  maintaining  their  form, 
other  older  distinctions  which  had  been  drawn  between 


organised  and  unorganised  bodies  sank  into  insignificance. 


1 


or  indirectly"  (p.  824).  Prof. 
Japp  and  Prof.  Cioim  Brown  of 
Edinburgh  are  of  the  opposite 
opinion,  inasmuch  as  in  the  view 
of  the  former  "  the  action  of  hfe, 
which  has  been  excluded  during 
the  previous  stages  of  the  pro- 
cess, is  introduced  the  moment 
the  operator  begins  to  pick  out 
the  two  enantiomorphs,"  as  was 
done  by  Juugfleisch. 

1  Among  the  older  discussions 
of  the  best  way  of  defining  life 
which  belong  to  the  second 
third  of  the  century,  we  have 
in  Germany  the  various  writings 
of  Du  Bois-Reymond  {'Reden,' 
notably  vol.  ii.  p.  25)  ;  in  France 
those  of  Claude  Bernard  ( '  Pheno- 
menes  de  la  vie,'  notably  vol.  i.  p. 
21,  &c.)  ;  in  England  the  '  Biology  ' 
of  Mr  Herbert  Spencer.  The  two 
last-named  authors  examine  with 
some  care  the  definitions  of  earlier 
writers.     All  three  should  be  read 


and  re-read  by  any  one  who  desires 
to  arrive  at  a  clear  understanding  of 
the  subject.  Du  Bois-Reymond'» 
definition  shows  the  preponderat- 
ing influence  of  the  ideas  which 
governed  the  Berlin  school  of 
physiology,  and  which  centred  in 
Helmholtz's  tract  on  the  Conserva- 
tion of  Energy.  Claude  Bernard 
defines  life  by  the  words  "  La  vie,, 
c'est  la  creation."  Organisation 
and  disorganisation  are  the  two 
sides  of  this  process,  organisj^tiou 
and  environment  the  two  factors. 
The  doctrine  of  evolution  goes  a 
step  farther  back,  and  attempts  to 
analyse  "organisation."  The  pro- 
cess of  creation  is  to  Mr  Herbert 
Spencer  a  process  of  development. 
The  word  creation  in  the  older  sense 
ceases  to  have  a  meaning.  Of  more 
recent  date  are  the  discussions  of 
the  subject  in  the  very  interesting 
work  of  Carl  Hauptmann,  *  Die 
Metaphysik  inder  modernen  Physio- 
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It  is  true  that  not  all  parts  of  a  higher  organism  are  • 
subject  to  this  continued  change,  but  those  that  are  not 
— such  as  the  skeleton  of  an  animal  or  the  trunk  of  a 
tree — are  automatically  deposited  by  the  living  organism 
for  the  purpose  of  external  or  internal  support,  protection, 
or  communication.     They  are  the  permanent  mechanism 
by  which  the  economy  and  administration  of  the  society 
of  living  units  or  cells  are  kept  up.     These  it  has  been     .' 
possible,    in    many    instances,    to    analyse    into    stable   ^ 
chemical   compounds,  which   have    been    reproduced    in 


logie '  (Jena,  1894,  neue  Aufl.), 
especially  the  last  chapter.  Still 
more  recent  is  the  very  careful 
analysis  contained  in  the  new 
edition  of  Mr  Spencer's  '  Biology,' 
notably  vol.  i.  p.  Ill  sqq.  The 
final  conclusion  arrived  at  by  these 
two  latest  philosophers  has  much 
in  common.  Both  strive  after  a 
dynamic  conception  of  life ;  both 
confess  that  such  is  at  present  un- 
attainable— a  desideratum,  not  an 
achievement.  Hauptmann  says  (p. 
386)  :  "  The  most  primitive  life, 
from  which  alone  the  living  world 
on  this  earth  can  have  sprung,  can 
only  be  assumed  to  be  a  species  the 
members  of  which  varied  in  manifold 
ways  and  propagated  themselves. 
Here  we  have  to  do  already  with 
an  eminently  complex  interaction  of 
elementary  processes.  .  .  .  We  still 
absolutely  lack  every  conception  of 
such  a  dynamical  system.  .  .  . 
Likewise  the  origin  of  the  simplest 
living  substance  is  mechanically 
quite  unknown  and  uncompre- 
hended.  .  .  .  The  individual  forms 
of  life  stand  in  the  midst  of  a 
yet  unintelligible  higher  order  of 
the  material  world."  Similarly 
Mr  Spencer  {loc.  ciL,  p.  120)  : 
"  We  are  obliged  to  confess  that 
life  in  its  essence  cannot  be  con- 
ceived in  physico-chemical  terms. 
The  required  principle  of  activity. 


which  we  found  cannot  be  repre- 
sented as  an  independent  vital 
principle,  we  now  find  cannot  be 
represented  as  a  principle  inherent 
in  living  matter.  If,  by  assuming 
its  inherence,  we  think  the  facts 
are  accounted  for,  we  do  but  cheat 
ourselves  with  pseudo-ideas.  .  .  . 
It  needs  but  to  observe  how  even 
simple  forms  of  existence  are  in 
their  ultimate  nature  incompre- 
hensible, to  see  that  this  most 
complex  form  of  existence  is  in  a 
sense  doubly  incomprehensible.  .  .  . 
While  the  phenomena  (of  life)  are 
accessible  to  thought,  the  implied 
noumenon  is  inaccessible,  .... 
only  the  manifestations  come  within 
the  range  of  our  intelligence,  while 
that  which  is  manifested  lies  be- 
yond it"  (p.  122).  There  seems 
ample  evidence  that  under  differ- 
ent forms  of  words  Claude  Bernard 
and  Du  Bois-Reymond,  in  his  later 
writings,  arrived  at  similar  con- 
clusions. See  '  La  Science  Ex- 
perimentale,'  p.  210,  and  "  Die 
sieben  Weltnithsel"  ('Reden,'  vol. 
i.  p.  381).  "The  mystery  is  the 
more  profound  the  more  it  is 
brought  into  contrast  with  the 
exact  knowledge  we  possess  of  sur- 
rounding conditions  "  (Prof.  Burdon 
Sanderson,  'Brit.  Assoc.  Report,' 
1889,  p.  614). 
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the   chemical  laboratory  by  processes  which  were  like 
or  unlike  those  going  on  in  the  organism  itself.     But 
such   stable  compounds   are   not   the   bearers,  they  are 
merely  the  collateral  products,  the  accompaniments,  of 
the  living  process.     The  artificial  production  of  organic 
compounds,  beginning  with  Wohler's  production  of  urea, 
and   ending  with    the   production   of  'albumen,   do   not 
approach  the  problem  of  the  production  of  living  matter. 
Could  the  chemist  produce  protoplasm,  it  would  not  be 
living ;  or  were  he  fortunate  enough  to  hit  upon  one  of 
its  many  metamorphoses,  it  would  die  the  next  moment, 
not  having   the   inner    structure   or    the    external    and 
internal  environment  necessary  for  its  self-conservation 
and  activity.     Nor  do  we  seem  to  get  any  nearer  the 
real  secret  by  analysing  more  closely  the  chemical  and 
physical  changes,  the  metabolism,  the  rhythmical  processes 
which  constitute  this  activity.    We  call  it  nutrition  or 
respiration,  assimilation  and  disassimilation,  oxidation  and 
reduction — storing  up  and  letting  loose  of  energy.     We 
picture  to  ourselves  the  building  up  of  more  and  more 
complicated  chemical  molecules,  containing  thousands  of 
atoms,  in  a  temporary  and  easily  disturbed  equilibrium, 
and  the  subsequent  breaking  down  again  of  these  complex 
structures  by  gradual  decomposition  or  by  sudden  explo- 
sions due  to  external  stimuli,  or  by  the  still  more  mysteri- 
ous directive  action  of  conscious  will :  we  liken  them  to 
the  pulling  of  a  trigger,  or  the  gathering  up  and  letting 
loose  of  a  destructive  avalanche  by  the  motion  of  a  flake  of 
snow  on  the  top  of  a  peak.    We  see  how  this  metabolism, 
this  "  Stofif-  und  Kraft -wechsel,"  goes  on  in  the  smallest 
amceba  in  rhythmical   movements,  and  how,  in   higher 
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organisms,  it  is  divided  into  many  stages,  allocated  to 
special  cells  or  to  quite  distinct  classes  of  beings,  some 
of  which,  like  plants,  take  upon  themselves  the  first 
important  steps  of  the  anabolism,  so  that  others — the 
animals — may  carry  it  a  stage  higher,  preparing  a  dis- 
charge, or  catabolism,  which  becomes  more  and  more 
effective,  till  it  reaches  the  unique  nervous  function 
which  accompanies  the  highest  phenomenon  of  animal 
activity — the  mental  process.  Claude  Bernard  ^  has 
put  into  classical  words  the  rationale  of  this  process. 
"  If,  in  the  language  of  a  mechanic,  the  vital  phenomena 
— namely,  the  construction  and  destruction  of  organic 
substance — may  be  compared  to  the  rise  and  fall  of  a 
weight,  then  we  may  say  that  the  rise  and  fall  are 
accomplished  in  all  cells,  both  plant  and  animal,  but 
with  this  difference,  that  the  animal  element  finds  its 
weight^  already  raised  up  to  a  certain  level,  and  that 
hence  it  has  to  be  raised  less  than  it  subsequently  falls. 


^  *  Phenomenes  de  la  vie,*  &c., 
vol.  ii.  p.  513.  It  is  one  of  Claude 
Bernard's  greatest  merits  to  have 
corrected  the  earlier  formula  in 
which  the  circulation  of  matter  had 
been  expressed.  Dumas  and  Bous- 
singault  had  said  :  '*  L'oxygene  en- 
leve  par  les  animaux  est  restitue 
par  les  vegetaux.  Les  premiers 
consomment  de  I'oxygene  ;  les 
seconds  produisent  de  I'oxygene. 
Les  premiers  brulent  du  carbone  ; 
les  seconds  produisent  du  carbone. 
Les  premiers  exhalent  de  I'acide 
carbonique ;  les  seconds  fixent  de 
I'acide  carbonique."  On  this  pass- 
sage  Claude  Bernard  has  the  fol- 
lowing comment:  '  *  Cette  loi  qui 
sous  la  forme  pr^cedente  exprime 
avec  v^rite  le  mecanisme  d'une  des 
plus  grandes  harmonies  de  la  nature 
est  une  loi  cosmique  et  non  une  loi 


physiologique.    Appliquee  en  phy- 
siologic,   elle    n'explique    pas    les 
phenomenes   individuels  :    elle   ex- 
prime    comment     I'ensemble     des 
animaux  et  I'ensemble  des  plantes 
se    comportent    en    definitive    par 
rapport  au  milieu  ambiant.     La  loi 
etablit  la  balance  entre  la  somme 
de  tons  les   phenomenes  de  la  vie 
animale  et  de  la  vie  vegetale  :  elle 
n'est   point   I'expression  de  ce  qui 
se  passe   en   particulier    dans    un 
animal  ou  une  plante  donne's  "  (p. 
512).     This  false  direction,    which 
had  been  introduced  into  physio- 
logy  a  generation   earlier,  Claude 
Bernard  corrected  by  the  view  that 
the    circulation    of    matter    takes 
place  not    only   between   the  two 
kingdoms   of  nature   but  in  every 
elementary  organism. 
2  Or  its  potential. 


P 


ii':' 

t 

r 


442 


SCIENTIFIC   THOUGHT. 


V 


42. 

Anabolism 
and  Cata- 
bolism. 


-  1  **"- 


The  reverse  occurs  in  the  green  plant  cells.  In  a  word, 
of  the  two  movements,  that  of  descent  is  preponderant 
in  the  animal,  that  of  ascent  in  the  vegetable."  No  one 
has  done  greater  service  to  the  fixing  of  our  ideas 
on  this  subject  than  Dr  Gaskell  when  he  analysed  the 
whole  process,  called  "  Metabolism  "  by  Professor  Michael 
Foster  after  Schwann,  into  the  two  complementary  pro- 
cesses of  Anabolism  the  upward,  and  Catabolism  the 
downward,  movement  —  the  winding  up  and  running 
down  of  the  clock,  the  preparation  and  loading  of  the 
explosive  and  the  discharge  of  the  gun.^ 


1  The  introduction  of  these  terms 
is,     however,     connected     with    a 
special  view  —  differing    somewhat 
from  that  suggested  by  the  formula 
of  Claude  Bernard— which  is  now 
very   generally    adopted    in    text- 
books of  physiology.     Prof.  Burdon 
Sanderson  lias  given  a  lucid  state- 
ment   of     this     difference    in    his 
Address,      entitled     "Elementary 
Problems    of    Pliysiology,"   before 
the  Brit.  Assoc,  in  1889  ('  Report,' 
p.  613).     He  there  says  :  "A  char- 
acteristic of  living  process  ...  is 
that  it  is    a    constantly   recurring 
alternation  of  opposite  and  comple- 
mentary states,  that  of  activity  or 
discharge,  that  of   rest  or  restitu- 
tion.    Is  it  so  or  is  it  not  ?     In  the 
minds   of    most   physiologists    the 
distinction  between  the  phenomena 
of   discharge   and    the    phenomena 
of  restitution  (Erholung)  is  funda- 
mental, but  beyond  this  unanimity 
ceases.     Two  distinguished  men- 
Prof.    Hering    and    Dr    Ga.skell— 
have     taken,     upon     independent 
grounds,   a   different   view   to   the 
one  above  suggested,  according  to 
which  life  consists  not  of  alterna- 
tions  between    rest   and    activity, 
charge  and  discharge,  loading  and 
exploding,  but  between  two  kinds 
of  activity,  two  kinds  of  explosion, 


which  differ  only  in  the  direction 
in  which  they  act,  in  the  circum- 
stance that  they  are  antagonistic  to 
each  other.     Now,  when  we  com- 
pare the  two  processes  of  rest  .  .  . 
and  discharge  .  .  .  with  each  other, 
they  may  further  be  distinguished 
in  this  respect,  that  whereas  resti- 
tution  is   automatic,  the  other  is 
occasional— i.e.,    takes    place    only 
at  the  suggestion  of  external  influ- 
ences. .  .   .  It  is  in  accordance  with 
the  analogy  between  the  alternation 
of  waking  and  sleeping  of  the  whole 
organism,  and    the    corresponding 
alternation  of  restitution  and  dis- 
charge,   of    every   kind    of    living 
substance,    that    physiologists   by 
common     consent     use    the    word 
stimulus   {Reiz),   meaning   thereby 
nothing    more    than   that  it  is  by 
external   disturbing  or  interfering 
influence  of  some  kind  that  energies 
stored   in   living   material  are  dis- 
charged.    Now,  if  I  were  to  main- 
tain that   restitution  is  not  auto- 
nomic, but  determined,  as  waking 
is,  by  an  external  stimulus,  that  it 
differed   from  waking   only  in  the 
direction    in    which   the   stimulus 
acts— i.e.,  in  the  tendency  towards 
construction     on    the     one    hand, 
towards  destruction  on  the  other — 
I   should  fairly   and  as  clearly  as 
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The  modern  theories  of  the  cell,  of  metabolism,  and 
selection,  have  also  greatly  influenced  and  modified  our 
conceptions  concerning  the  last  and  most  important  pro- 
perty of  all  living  matter— viz.,  that  it  is  self-reproductive. 
Older   text -books   on   physiology   treated   of    the    great 
problem  of  generation— ^'.e.,  the  origin  of  a  new  individual  «oS 
—as  a  phenomenon  of  organised  life  which  stood  quite 
isolated;  and  although    the   sexual  difference  in  plants 
and  animals  had  early  led  to  certain  analogies,  to  similar 
terminology,  and    to    vague    inferences,  the   mysterious 
phenomena  of  generation,  and  especially  of  sexual  genera- 
tion, were  not  brought  into  line  with  the  general  pro- 
perties of    all  living  matter  till  about  fifty  years  ago. 
Even    Johannes    Muller    in    his    great    text  -  book    on 
Physiology,  which  takes  a  much  wider  view  of  the  sub- 
ject than  any  work  before  it,  treats  of  the  reproduction 
of  tissues  and   of    generation   in    quite    separate,  seem- 
ingly disconnected,  parts   of    his   work.     Into  this  un- 
certainty only  little  light  was  thrown    by  the  original 
propounders  of  the  Cellular  theory,   who,  misled  by  the 
supposed  analogy  of  cells  and  crystals,   imagined    that 
cells    originated    out    of    the    surrounding    cell   sap,    as 
crystals   solidify  out  of  the  solution  or  mother  liquor. 
Correcter  views  were  gradually  elaborated  by  botanists. 
Mohl  emphasised  the  important  part  which  protoplasm 
plays  in  the  formation  of  cells,     ^geli  established  the 
process  of  intussusception  as  against  external  accretion ; 
anatomists  like  Max  Schulze  and  Brucke  joined  hands] 

possible  express  the  doctrine  which      which,    being    interpreted,   means 

emhS     ^""^  J'*''^u?u7"^  ^^^''^  winding-up,  and  '  catabolism,'  run- 
embodied  in  words  which  have  now  ,   ning  down-are  the  creation  of  Dr 
ijecoine  familiar  to  every  student.  Gaskell." 
1  lie  words  in  question—*  anabolism,' 
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and  the  year  1863  is  usually  given  as  that  in  which 
the  protoplasmic  theory  was  established.    According  to 
this  view  protoplasm  is  the  element  or  unit  of  all  livmg 
substance :  it  grows  through  assimilation  (intussusception 
and  excretion),  and  multiplies   {i.e.,  gives  rise  to  other 
living  units)  by  subsequent  division.     This  process  was 
found  to  be  fundamental :    it   describes   the   growth  of 
the   simplest   and   the   most   complicated   organisms   as 
beginning  alike  with   a   unit   cell,  which   may   or  may 
not    grow   by  division;    it   is   the   formula   of    growth, 
restitution,  and  generation  (whether   sexual   orasexual) ; 
and,  what  is  equally  important,  it  prevails  also  in  patho- 
logical cases— i.e.,  in  the  formation  of  diseased  tissues. 
In  fact,  the  great  generalisation  which  followed  Harvey's 
celebrated  dictum,  "  omne  vivum  ex  ovo,"  was  put  forth 
by    the    late    Professor    Rudolf    Virchow,  the    emment 
founder  of  cellular   pathology,  in   his   formula,  "  onmis 
cellula   e   cellula."     The    formula   has   in    more    recent 
times    been    further    elaborated   on    the   same   lines  of 
thought  in  proportion  as  the  importance  of  the  nucleus 
or  cell  kernel  has  been  recognised,  or  as  the  granular 
structure    of    protoplasm  has  been  maintained ;  leading 
to  analogous  formula,  such  as  "  omnis  nucleus  e  nucleo," 
"  omne  granulum  e  granulo."     These   formula. '  are  the 

1  See  Roux  ( '  Gesammelte^  Ab- 
handlungen,'  vol.  i.  p.  393) :  Un- 
interrupted durability  18  the  in- 
dispensable condition  of  all  that  is 
orgunic,  although  this  does  not 
involve  a  distinction  from  inorganic 
processes.  This  fact  is  expressed 
by  the  fundamental  theses  :  Omne 
vivum  ex  ovo  (Harvey),  Omnis 
cellula  e  cellula  (Virchow),  Omnis 
nucleus    e    nucleo     (Flemmmg). 


Hauptmann  (*  Die  Metaphysik, 
&c.,  p.  334)  says  :  "  Altmann  for- 
mulates for  himself  in  analogy 
with  these  biological  principles  the 
further  principle,  '  Omne  granulum 
e  granulo.'  "  On  Altmann's  theory 
of  the  "bioblasts"  as  elemenUry 
organisms,  see  Yves  Delage, 
*  L'Heredite,'  p.  498,  &c.,  Hertwig, 
'  The  Cell,'  p.  24. 
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expression  of  anatomical  observations  and  theories  repre- 
senting an  enormous  amount  of  research,  labour,  and  in- 
genuity, but  they  involve  no  new  line  of  reasoning,  and 
they  belong,  accordingly,  more  to  the  history  of  Science 
than  to  that  of  Thought. 

The  first  to  attempt  a  mechanical  explanation  of  the       «. 

^  Spencer's 

process  of  cellular  division  was  Mr  Herbert  Spencer,^  iTf'^amJth'^ 
who,  in  his  '  Principles  of  Biology'  (1863),  pointed  out 
that  there  exists  a  limit  of  growth  through  assimilation 
or  intussusception,  inasmuch  as  volume  and  mass  increase 
at  a  greater  rate  than  the  surrounding  surface  through 
which  communication  with  the  environment  is  afforded. 
A  resultant  tension  brings  about  an  increase  of  surface 
through  rupture,  and  restores  the  balance  between  the 
contained  mass  and  the  surface.  In  his  analysis  of  this 
process  of  readjustment,  Spencer  has  given  mechanical 


^  The  principle  here  referred  to 
sometimes  goes  under  the  name  of 
the  Leuckart-Spencer  principle,  it 
having  been  suggested  independ- 
ently by  Rudolf  Leuckart,  Herbert 
Spencer,  and  Alexander  James.  It 
requires,  of  course,  a  great  many 
qualifications.  See  the  '  Principles 
of  Biology,'  vol.  i.  part  2,  chap.  i. 
But  "  it  follows  from  these  con- 
siderations that  the  cell  can  never 
surpass  a  certain  size ;  for  if  the 
disturbance  of  metabolism  that 
arises  because  of  the  increasing 
disproportion  between  the  more 
superficial  and  the  deeper  layers 
has  reached  a  certain  extent,  the 
cell  can  no  longer  continue  living 
in  its  existing  form.  Thus  the 
remarkable  fact  is  explained  very 
simply,  that  no  cells  of  constant 
form  are  known  that  are  larger 
than  a  few  millimetres  in  diameter, 
and  thus  we  are  made  to  under- 
stand   why    the    development    of 


large  organisms  is  only  possible 
by  the  arrangement  of  the  living 
substance  into  an  aggregate  of 
small  cells  instead  of  into  a  single 
cell,  for  example,  of  the  size  of  a 
man.  ...  If,  therefore,  the  living 
substance  of  such  a  cell  is  not  to 
perish  by  growth,  at  some  period  in 
its  growth  a  correction  of  this  dis- 
proportion between  mass  and  sur- 
face and  of  the  disturbance  of 
metabolism  conditioned  by  it  must 
come  in :  such  a  correction  is  realised 
in  the  reproduction  of  the  cell  by 
division.  The  reproduction  of  the 
cell  by  division  is  accordingly  to  be 
considered  merely  as  a  result  of 
growth,  and  the  morphologists  for 
a  long  time  have  rightly  termed 
reproduction  a  continuation  of 
growth,  '  a  growth  beyond  the 
measure  of  the  individual'"  (Ver- 
wom,  'General  Physiology,'  Engl, 
transl.,  p.  530,  &c.) 
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biologists  a  formula  which,  like  his  physiological  units, 
has  helped  to  give  precision  and  direction  to  reasoning 
on  these  subjects.  But  as  growth  has  a  natural  limit 
and  leads  to  division,  so  reproduction  through  division 
appears  to  have  a  limit  also.  "  Only  the  very  lowest 
organisms,  such  as  fission  fungi,  appear  to  be  able  to 
multiply  indefinitely  by  repeated  divisions :  for  the 
greater  part  of  the  animal  and  vegetable  kingdoms  the 
general  law  may  be  laid  down  that,  after  a  period  of 
increase  of  mass  through  cell  division,  a  time  arrives 
when  two  cells  of  different  origin  must  fuse  together, 
producing  by  their  coalescence  an  elementary  organism 
which  affords  the  starting  -  point  for  a  new  series  of 
multiplications  by  division."^  Fertilisation  is  now 
known  to  be  a  cellular  problem.  As  suclf  it  has  been 
studied  in  favourable  cases  which  permitted  of  direct  ob- 
servation, and  what  has  been  ascertained  in  those  cases 
— exhibiting  in  general  the  same  common  features  and 
phases  of  development — has  by  inference  under  the  great 
generalisations  of  the  cellular  theory  been  extended  to 
all  living  things  in  which  sexual  differentiation  exists, 
be  they  animals  or  plants."     The  male  and  the  female 


1  Hertwig,  'The  Cell,'  p.  252. 
The  process  may  be  looked  at  as  an 
instance  of  the  cyclical  order  of 
change.  "  The  nmltiplication  of  the 
elementary  organism,  and  with  it 
life  itself,  re^<olves  itself  into  a 
cyclic  process.  .  .  .  Such  cycles  are 
termed  generation  cycles.  They 
occur  in  the  whole  organic  king- 
dom in  the  most  various  forms." 
Similarly  Sir  M.  Foster  {*  Text-book 
of  Physiology,'  5th  ed.,  p.  1555),  as 
quoted,  suprUj  p.  289.  We  may 
add  that  from  a  still  broader  stand- 
point, which  we  may  call  that  of 


bionomics  —  in  distinction  fi  om 
biology  —  the  cycle  never  repeats 
itself,  but,  owing  to  overcrowding 
and  selection,  something  different, 
more  complex — i.e.,  externally  or 
internally  better  endowed — is  pro- 
duced. Philosophically  we  call  this 
progress. 

-  There  exists  no  more  remark- 
able instance  of  the  extension  of 
natural  knowledge  by  a  process  of 
very  incomplete  induction  than  the 
gradual  firm  establishment  of  the 
now  universally  adopted  doctrine  of 
fertilisation,  no  more  brilliant  refu- 


elements  concerned  have  both  been  recognised  to  be 
cells,  both  have  been  found  to  undergo,  before  what  is 
termed  the  stage  of  maturity,  similar  preparatory  changes. 
The  changes  represent,  as  it  were,  the  last  stages  of  their 
independent  existence  as  living  cells.  After  these 
changes  have  taken  place  they  can  only  enter  into  a 
new  cycle  of  existence,  exhibiting  new  powers  of  growth 
and  division  by  a  process  of  fusion  where  each  supplies 
what  in  the  other  is  wanting  to  start  on  a  new  cycle  of 
life — ie.,  of  differentiation  and  development. 

Thus  the  vague  theories  of  former  times,  which  reach 
far  into  the  nineteenth  century,  the  speculations  of  the 
Spermatists  and  the  Ovists,  have  during  the  last  thirty 
years,  beginning  with  Pringsheim's  observation  in  1869 
of    the    pairing   of   the   swarm-spores   of    certain   algce, 


tation  of  the  purely  enumerative, 
or  all-case   method.     The   number 
of  instances  in  which  the  process 
of    fertilisation,    with    its    various 
preparatory  stages  and  its  conse- 
quences, can  be  actually  observed 
is   infinitesimally    small    compared 
to  the  number  of  different  species 
and   varieties  in  which  it   is  end- 
lessly repeated  on  lines  which  no 
biologist  doubts   to   be  essentially 
the  same.     M.  Yves  Delage  says  : 
"  C'est  une  chose  remarquable  com- 
bien  certains  etres,  par  des  particu- 
larites   en   apparence  sans    int^ret 
ont  facilite  la  solution  de  certains 
problemes    presque    insolubles    en 
dehors  d'eux.     L'Ascaris  meyaloce- 
phfda    [the    round  -  worm    of    the 
horse,  first  observed  by  van  Bene- 
den  in  1883],  par  le  petit  nombre 
de    ses    chromosomes,  les   Echino- 
dermes   [sea    urchins,    &c.]    par  la 
facilite  avec  laquelle   ils  acceptent 
la  fecondation   artificielle,  ont  fait 
faire,   en  dix  ans,  plus  de  progres 


aux  questions  relatives  a  la  fe'couda- 
tion  que  n'ont  fait  avant  ou  depuis 
tous    les    autres    animaux   reunis. 
Dans  I'Ascaride,  le  testicule  forme 
un  long  tube  et  les  diverges  phases 
de   la   spei  matogenese  s'accomplis- 
sent  dans  les  regions  differentes  de 
Torgane:    il  y  a  une  zone  a  sper- 
matogonies,  une  zone  a  spermato- 
cytes en  voie  d'accroissement,  une 
zone   oil  se  font  les   divisions   re- 
ductrices  et  une  enfin  ou  les  sper- 
matides  se   transforment  en   sper- 
matozoides"  (L'Heredite,'  p.  133). 
See  on  the  variety  of  objects  which 
have  lent  themselves  to  the  gradual 
unravelling  of  the  processes  of  cell 
division,  nuclear  division,  fusion  of 
nuclei,  cleavage  and  embryonic  de- 
velopment, notably  the  volume  of 
Prof.    Val.    Haecker,   *  Praxis  und 
Theorie  der  Zellen-  und  Befrucht- 
ungslehre'   (Jena,  1899).      A  very 
lucid   summary  is  contained  in  J. 
A.  Thomson's  '  The  Science  of  Life ' 
(1899). 
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and  centring  in  van  Beneden's  discovery,^  been  replaced 
by  definite  conceptions  capable  of  typical  description. 
This  typical  process  consists  in  the  fusion  of  certain 
parts  of  the  male  and  female  cells,  —  the  nuclei  or 
kernels  playing  an  important  if  not  the  essential  part. 
Many  biologists  of  the  foremost  rank,  notably  in 
Germany  and  France,  have  contributed  to  make  clearer 
the  various  lines  in  this  typical  picture  of  the  most 
mysterious  process  in  the  physical  organism,  whilst 
every  new  discovery  has  brought  with  it  new  and 
unanswered  questions  or  given  a  novel  aspect  to  older 

problems. 

Of  these  problems,  those  of  heredity  and  variation 
are  at  present  by  far  the  most  important.  Both 
the  cellular  theory  of  living  matter  and  the  theory 
of  natural  selection,  including  the  principles  of 
differentiation  and  of  the  division  of  physiological 
labour,  converge  upon  these  two  great  facts  of 
modern  biology.     'jThe  theory  of  natural  selection  pre- 

female  parent ;  and  that,  regarded 
as  a  mass  of  molecules,  the  entire 
organism   may  be   compared   to   a 
web,  of  which  the  warp  is  derived 
from   the    female,    and    the    woof 
from  the  male'"  (J.  Arth.  Thom- 
son,   'The    Science    of    Life,'    p. 
129).      Another   theoretical  antic- 
ipation  is,    according    to   Haecker 
{loc.  cit.y  p.  133),  the  "Idioplasma" 
of    Niigeli  :    "The   heritable   sub- 
stance, organised,  possessing  a  com- 
plex   structure,    transmitted  from 
one  generation  to  another,"  which 
was  "  about  the  same  time  identi- 
fied by  Strassburger,  0.    Hertwig, 
von  Kblliker,  and  Weismann,  with 
the   chromatin    substance    of    the 
nucleus." 


1  See    last   note.       "Since    the 
researches     of     O.     Hertwig     and 
others  in    1875,  it  had  been   clear 
that    each    parent     contributes    a 
single   germ-cell  to  the  formation 
of  the  otFspring ;  but  the  masterly 
researches     of     E.     van     Beneden 
(18S3)  showed  that  every  nucleus 
of  the  offspring  may  contain  nuc- 
lear  substance   derived  from   each 
of  the  parents,  a  conclusion  which 
is   visibly  demonstrable   for  a  few 
of  the  first  steps  in  cleavage.      In 
fact,  van  Beneden  to  some  extent 
proved  what   Huxley  had  foreseen 
when    he    said,    in    1878,     'It    is 
conceivable,   and  indeed   probable, 
that     ever}'     part     of     the     adult 
contains   molecules,    derived    both 
from     the     male     and    from     the 
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supposes  the  fact  of  heredity— that  is,  the  transmission  | 
of  characters  peculiar  to  the  parents  (be  they  acquired 
by  them  or  not),  and  the  fact  of  variation,  but  it  does 
not  explain   them.     It   does   not  give  any  intelligible 
description  of   the  means  which  nature  uses  to  secure 
that  continuity  of  change  which  is  marked  on  the  one 
side  by  a  faithfulness  to  certain  typical  forms,  and  on 
the    other    by    a    gradual    development.      The    cellular 
theory    permits    us    to    comprise,    under    the    general 
categories  of  cell-growth,  cell -division,  and  cell-fusion, 
the  great  facts  of  the  history  of  all  living  matter,  but 
it    does    not    explain    how   that   apparent   sameness   of 
structure   which    the    ultimate   morphological   unit,  the 
cell,  presents  to   our  view,  develops   into   that   variety 
of    recurrent    forms    which    make    up   the   wealth   and 
the  order  in  the  world  of  natural  objects.     The  older 
naturalists  were  divided  into  two  distinct  schools :  one 
believed  in  pre-formation  with  development-- the  older 
meaning  of  "  evolution  " ;  the  other  in  after-formation, 
or  "  epigenesis."     The  former  foundered  on  the  difficulty 
of  explaining  or   making  plausible   how  all   the  germs 
of  hundreds  of  succeeding  generations  could  be  contained 
in  the  first  ancestor;  the  latter  failed  to  explain  how 
nature  was  able  to  build  up  by  mechanical  forces  out 
of  unorganised  matter  a  structure  resembling  the  parent 
structures.     The    suggestion   of    a    "nisus    formativusT^ 
which  we   owe   to  the  celebrated  Blumenbach,  is  only 
a  definition  of  the  difficulty,  not  an  explanation. 

The  three  distinct  ideas  represented  by  these  historic 
terms  occur  again  in  modern  biology,  though  altered  to 
suit  the  vast  extension  of  actual  knowledge  of  facts,  and 
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the  three  great  generalisations  mentioned  above.     Out 
of  the  three  ideas  of  pre-formation,  after-formation,  and 
the  directive  principle,  the  three  generalisations,  namely, 
the  cellular  theory,  natural   selection,  and   metabolism, 
and  the  enormous  number  of  facts  collected  by  micro- 
scopists   and   naturalists   of    all   kinds,  many    more    or 
less  ingenious  theories  of  life  have  been  put  together. 
None  of  them  has  obtained,  though  some  have  had  a 
very  marked  influence  on   biological  science,  and  even 
48.       on  popular  thought.     Of  these  Prof.  Weismann's  theories 
on  heredity,  of  heredity  are  probably  the  best  known.     Without  en- 
tering upon  the  enormous  array  of  biological  facts  which 
have  been  marshalled  by  supporters  and  opponents  alike, 
it  will   be  of   interest   to   point  out  the   novel   aspects 
and  lines  of  reasoning  which  have  come  into  prominence 
through    the   voluminous    discussion    belonging    to    this 
subject.     They  were  prepared  before  the  appearance  of 
Weismann's  writings  by  the  changed  and  enlarged  con- 
ceptions which   the   discoveries   of    the   middle   of    the 
century  introduced  concerning   the   general   phenomena 
of  Life,  Death,  and  Disease.     Three  distinct  convictions 
regarding  these  three  main  aspects  of  the  living  portion 
of   creation   have   been   forced   upon   the   scientific   and 
popular  mind.     First,  we  have  the  modern  doctrine  of 
the   ubiquity  of   organisms  and  germs,  at   least   so  far 
as    our    planet    is    concerned:    beyond   this   sphere   we 
can    say    that    we    know    no    more    of    the    existence 
of   living  matter  than  past  generations.     Secondly,  we 
have   the   generally    recognised   doctrine   that    spontan- 
eous  generation  of   living   out  of   not-living   matter   is 
imknown   and   inconceivable   under   such   conditions   as 
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we  can  realise  or  imagine.  And  thirdly,  hand  in  hand 
with  the  conviction  of  this  unique  but  ubiquitous  character 
of  life,  the  impression  of  the  mutual  interdependence  of 
living  creatures  has  gained  ground,  and  has  especially  in- 
fluenced our  ideas  of  the  cause  and  treatment  of  disease. 
In  one  of  those  luminous  addresses  in  which  he 
has  rivalled  the  combination  of  literary  with  scientific 
clearness  characteristic  of  the  French  genius,  the  late 
Prof.  Huxley  has  written  the  history  of  Biogenesis^ 
— i.e.,  of  the  theories  of  the  origin  of  life  from 
the  time  of  the  Italian  Eedi  down  to  Pasteur,  show- 
ing how  experiment  and  theory  alternately  supported 
and  contradicted  the  doctrine  that  living  matter  could 
be  formed  out  of  not  -  living  matter,  till  the  great 
French  biologist,  by  his  refined  experiments,  entirely 
banished  from  the  provinces  of  science  and  practice 
the  once  admitted;  fact  that,  after  exclusion  or  destruc- 
tion of  all  living  germs,  phenomena  peculiar  to  life,  such 
as  fermentation  and  putrefaction,  could  be  generated. 
Those  great  departments  of  medical  practice,  the  anti- 
septic and  aseptic  treatment,  with  their  enormous  de- 
velopment of  prophylactic  and  antitoxic  methods,  form 
the  daily  and  ever-growing  argument  against  abiogenesis 


49. 
Biogenesis. 


^  In  his  presidential  address  to 
the  British  Association  in  1870, 
reprinted  in  'Critiques  and  Ad- 
dresses,' p.  218  sqq.  A  very 
readable  and  much  earlier  deliver- 
ance on  "The  Diffusion  of  Life" 
is  that  by  K.  E.  von  Baer,  before 
the  Academy  of  St  Petersburg  in 
1838,  reprinted  in  the  first  volume 
of  his  'Reden,'  &c.,  p.  161  sqq. 
In  the  preface  of  1864  to  this 
reprint,  the  illustrious  author  tells 
us   that    between   1810,  and   1830 


there  were  probably  few  naturalists 
who  "did  not  consider  the  gener- 
ation without  parents  of  inferior 
organisms  as  proved,  or  at  least 
as  highly  probable,"  and  he  him- 
self would  not  at  that  time  (1838) 
"  declare  it  to  be  non-existent " 
(p.  173).  In  1864  he  describes  the 
theory  as  having  almost  vanished, 
leaving  the  problem  of  the  first 
beginnings  of  life  in  the  number- 
less varieties,  even  after  Darwin's 
hypothesis,  unsolved  (p.  177). 
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i.e.,  the  generation  of  living  out  of  dead  or  not-living 

matter. 

But    in    proportion    as    abiogenesis    or    spontaneous 
generation    has    disappeared    from    our    scientific    text- 
books, life  being  recognised  as  a  phenomenon  between 
which    and    dead    matter    there    exists    no    intelligible 
and  no  practical   transition  except  that  of  destruction, 
50.        the   ubiquity  of  life  has  forced   itself   more  and   more 
Ke^'""'"  on  our  attention.     Not  long  ago,  as  Huxley '  tells  us, 
the   adherents   of   spontaneous   generation   urged  as   an 
argument    on    their    side    that    if    biogenesis    be    true, 
innumerable  facts  and  experiments  prove  "  that  the  air 
must  be  thick  with  germs;  and  they  regarded  this  as 
the  height  of  absurdity.     But  nature,"  as  Huxley  con- 
tinues, "occasionally   is   exceedingly   unreasonable,   and 
Professor  Tyndall   has   proved   that   ordinary  air  is  no 
better   than   a  sort  of   stirabout  of   excessively  minute 
solid  particles."     It  is  now,  after  a  generation  has  passed, 
hardly  necessary  to  refer  to  any  special  experiments  of 
Tyndall  or  of  others,  when   the   daily  press  brings  us 
records  of  the  number  of  billions  of  germs  contained  in 
a  cubic  inch  of  the  atmosphere  of  large  cities,  precisely 
as  it  does  of  the  mortality  of  their  population.      The 
cellular  theory  of  disease  has  been  succeeded  and  ampli- 
fied by  the  bacillar  theory,  and  no  modern  scientific  fact 
has  fastened  on  the  popular  mind  with  a  stronger  hold 
than  the  ubiquity  of  the  micro-organisms,  which,  with 
beneficent  or  fatal  results,  assist  everywhere — chiefly  in 
the  larger  organisms — in  the  struggle  for  existence. 
It  is,  moreover,  only  a  logical  inference  that  if  living 

1  '  Critiques  and  Addresses,'  p.  233. 
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matter  is  not  being  continually  formed  out  of  not-living 
matter,  while  it  is  an  undeniable  fact  that  living 
matter  is  continually  and  everywhere  passing  out  of 
existence,  the  preservation  of  life  is  dependent  upon 
an  enormous  self-overproduction  which,  combined  with 
the  process  of  natural  selection,  secures  its  permanence 
and  the  development  of  the  highest  forms  of  which  it  is 
capable.  The  continuity — i.e.,  the  interdependence — of  5i. 
all  living  forms  in  time  and  space  guarantees  the  non-ex-  ?inuity°of 
tinction  of  this  phenomenon,  which,  for  all  that  we  know,  "^'"^  °™^ 
is  of  a  unique  character.  The  modern  scientific  and  popular 
view  of  life  is  that  it  is  a  unique  phenomenon,  that  it  is 
a  ubiquitous  phenomenon,  at  least  within  the  area  of 
what  we  call  "  our  "  world,  and  that  it  is  a  continuous 
phenomenon.  The  unique  character  or  singularity  of 
life  has  been  directly  demonstrated  by  the  sameness  of 
the  ultimate  units  of  all  living  matter,  the  cells,  indirectly 
by  the  refutation  of  the  older  theory  of  spontaneous 
generation  ;  and  has  been  enormously  strengthened  by  the 
doctrine  of  descent,  the  phenomena  of  overcrowding,  and 

the  possibility  of  natural  selection.    The  ubiquity  of  life 

within  certain  limits — has  been  revealed  directly  by  the 
microscope,  and  indirectly  by  the  modern  theories  of 
disease,  and  of  many  forms  of  growth.^    The  continuity  of 


^  There  is  a  striking  passage  in 
Nansen's  '  Farthest  North,'  vol.  i. 
p.  445,  showing  the  ubiquity  of 
organic  germs:  "When  the  sun's 
rays  had  gained  power  on  the  sur- 
face of  the  ice,  and  melted  the 
snow,  so  that  pools  were  formed, 
there  were  soon  to  be  seen  at  the 
bottom  of  these  pools  small  yellow- 
ish brown  spots,  so  small  that  at 
first  one  hardly  noticed  them.     Day 


by  day  they  increased  in  size,  and 
absorbing,  like  all  dark  substances, 
the  heat  of  the  sun's  rays,  they 
gradually  melted  the  underlying 
ice  and  formed  round  cavities  often 
several  inches  deep.  These  brown 
spots  were  .  .  .  algae  and  diatoms, 
...  I  actually  found  bacteria, — 
even  these  regions  are  not  free 
from  them." 
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life  has — as  an  inevitable  corollary — come  more  and 
more  into  prominence.  It  has  been  the  subject  of 
much  discussion,  as  a  phenomenon  which  is  felt  to 
require  a  mechanical  explanation. 

The  problem  of  the  continuity  in  time  of  the  forms 
and  properties  of  living  matter  forced  itself  on  the  great 
propounder  of  the  modern  theory  of  Descent,  on  Darwin. 
He  looked  upon  the  principle  of  "  Keversion  i — this  power 
of  calling  back  to  life  long-lost  characters — as  the  most 
wonderful  of  all  the  attributes  of  inheritance." 

At  the  end  of  his  second  great  work,  ten  years  after 
the  appearance  of  the  '  Origin  of  Species,'  he  ventured  on 
a  hypothetical  explanation,  his  theory  of  '^  Pangenesis," 
"  which  implies  that  the  whole  organisation,  m  the  sense 
of  every  atom  or  unit,  reproduces  itself;  hence  ovules 
and  pollen -grains,  the  fertilised  seed  or  egg,  as  well  as 
birds,  include  and  consist  of  a  multitude  of  germs  thrown 
off  from  each  separate  atom  of  the  organism."  ^  This  idea, 
as  the  author  himself  admitted,  and  as  has  since  fre- 
quently been  pointed  out,  was  not  fundamentally  new  :  it 
had  been  anticipated  by  Buffon  in  his  celebrated  "  organic 
molecules,"  and  since  Darwin  it  has  been  restated  and 
adapted  in  various  modified  forms.  It  is  hardly  an 
explanation,  but  it  is  a  statement  which  emphasises  the 
great  fact  of  modern  biology, — the  fact  brought  out  by 
the  cellular  theory,  that  the  units  of  life  are  not  the  large 
visible  organisms  which  were  formerly  studied  by  prefer- 
ence,' but   the   innumerable,    infinitesimal  living  beings 
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called  cells  which,  through  growth  and  reproduction  by 
division  and  fusion,  maintain  life  as  a  continuous  unique 
phenomenon. 

Into  this  view,  which  under  the  special  form  of 
pangenesis  has  not  found  much  favour,  but  which, 
nevertheless,  in  some  form  or  other,  forces  itself  more 
and  more  on  our  attention.  Professor  Weismann  has 
imported  a  further  distinctive  feature,  not  prominently 
brought  out  by  Darwin,  though  it  also  dates  farther 
back  1  than  the  present  generation. 


^  *  Animals     and    Plants    under 
Domestication,'  vol.  ii.  p.   372. 
'^  'Animals    and    Plants     under 


Domestication,'   chap.    27,  vol.    ii. 
p.  358. 


^  The   history  of  the  knowledge 
and  theory  of  sex  and  heredity  has 
been  written  in  English  by  Profs. 
Patrick     Geddes     and    J.    Arthur 
Thomson,  in  a  book  entitled  '  The 
Evolution  of  Sex  '  (1st  ed.  1889) ;  in 
French  by  M.  Yves  Delage,  in  his 
much-quoted  work,  *  La  Structure 
du  Protoplasma  et  les  Theories  sur 
I'Herdditd  et  les  grands  problemes 
de  la  Biologic'  (1895).     The  latter 
work  contains  elaborate  criticisms, 
and  finally  inclines  towards  a  theory 
of  life  termed  in  France  "Organi- 
cisme,"  the  main  idea  of  which  is 
the  assumption  of   two  distinctive 
factors   in    all   the   phenomena    of 
living  matter— viz.,  "Organisation 
and     Environment."     This     view, 
according  to  the   author,   has  not 
yet   gained   sufficient    strength    to 
form  a  definite  current  of  thought 
like    the    three    earlier  views  de- 
fined  by   the   terms  "Animisme," 
"  Evolutionisme,"  "  Microm^risme." 
The  first  of  these  centres  in  the  idea 
of   vital   force,   the   second  in  the 
older  school  of  evolution  ;  the  last 
begins  with  BuflPon,  and  comprises  the 
modern   theory  of  Evolution  with 
Spencer,    Darwin,    Haeckel,   Weis- 
mann.     Of    the    last    M.    Delage 
says:    **Ce    dernier   est,   pour    le 
moment,  I'ouvrage  le  plus  parfait 
cre^  pour  expliquer  I'Her^dite  et 


I'Evolution.     Nous    croyons   avoir 
montre  qu'il  est  bati  d'hypotheses 
fragiles,   invraisemblables,  et,  tout 
en    rendant   justice   au   talent    de 
son  architecte,  nous  conseillons  de 
I'admirer  de  loin  et  de  construire 
ailleurs  "  (p.  837).     "  Organicisme  " 
IS  represented  by  W.  Roux,  Driesch, 
and  0.  Hertwig,  and  is  historically 
traced  back  to  Descartes  (p.  838), 
and  to  von  Baer  and  Claude  Bernard 
(p.   720).     To   the    theories  of  the 
others,  "les  Organicistes  opposent 
le    concours    d'une    de'termination 
modere^  et   des  forces    ambiantes 
toujours  agissantes,  toujours  neces- 
saires,  non  comme  simple  condition 
d'activite,    mais     comme     element 
essentiel  de  la  determination  finale  " 
(p.  720).     As  in  this   account   the 
names   of   Roux,    Driesch,   and  0. 
Hertwig  are  placed  together,  it  is 
well  to  remark  that  since  that  time 
the  two  last-named  authorities  have 
in    various   polemical    publications 
signified    the    divergence   of   their 
fundamental  conclusions  from  the 
later   attitude    which   Prof.   Roux 
has   assumed.     For    those    of    my 
readers   who    desire    to    get   some 
insight  into  the  drift  of  this  most 
recent   and  advanced  controversy, 
in  which  questions  of  principle,  of 
scientific  and  philosophical  method, 
alternate  with  discussions  of  minute 
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Growth  by  intussusception  and  assimilation  has  long 
been    recognised   as   the    characteristic    property  of  all 
living  matter,  of  every  living   cell.     Mechanical  causes 
suffice  to  explain   the   further  process  of  division  as  a 
necessary  consequence  of  continued  growth,  the  forma- 
tion of  new  cells  out  of  existing   ones,  the  process  of 
reproduction.     Only   in   the   lower  organisms,  however, 
does    reproduction    exist    simply    as    multiplication    by 
division.      In  all  higher  organisms  at  least,  reproduction 
by    division    seems    connected    with     the    phenomenon 
of  death   of    a   portion   of    the    dividing    organisms:   a 
differentiation   seems   to   set  in  between  the  new  cells, 
some  gradually  losing  their  power  of  self-multiplication 
by   division,   and   thus    being    doomed    sooner   or   later 
to  arrive  at  the  end  of  their  organic  existence  ;  while 
others  retain   this   power  or  regain  it  by  uniting  with 
others — the  process  of  fusion  of  male  and  female  elements 
— and  seem  thus  to  be  specially  endowed  with  the  work 
of  reproduction — i.e.,  the  preservation  of  the  continuity  of 
life.     The  great  morphologist  Kichard  Owen,  about  the 
middle   of  the   century,  in  a  tract  on  Parthenogenesis, 
remarked   that  "not   all   the   progeny  of    the    primary 
impregnated  germ-cell  are  required  for  the  formation  of 
the  body  in  all  animals :  certain  of  the  derivative  germ- 
cells   may    remain    unchanged   and   become  included  in 


embryological  development,  assisted 
or  disturbed  by  experiments  carried 
on  in  microscopic  dimensions,  I  re- 
commend, besides  the  larger  works 
of  Hertwig  and  Roux,  already  re- 
ferred to,  the  highly  suggestive 
writings  of  Hans  Driesch,  notably 
his  'Analytische  Theorie  der  or- 
ganischen     Entwickelung '   (1894), 


and  'Die  Biologic  als  selbstiindige 
Grundwissenschaft '  (1893).  As  a 
very  helpful  introduction  to  the 
original  views  of  this  writer, 
English  readers  will  welcome  the 
concluding  chapter  of  Prof.  E.  B. 
Wilson's  book,  'The  Cell  in  Develop- 
ment and  Inheritance '  (1896). 


that  body,  ...  so  included,  any  derivative  germ-cell  or 
the  nucleus  of  such  may  commence  and  repeat  the  same 
processes  of  growth  by  imbibition,  and  of  propagation  by 
spontaneous  fission  as  those  to  which  itself  owed  its 
origin."^     We  have  here  the  first  enunciation  of  that       53. 

TOO  •      •  Germ-sub- 

idea  of  a  differentiation  between  the  germ- substance  and  stance  and 

°  body-sub- 

the  body  -  substance,  between  that  portion  of  living  ^**"*^®- 
matter  which  is  destined  to  preserve  the  continuity  of 
life,  and  that  other  portion  which,  destined  to  differen- 
tiate more  and  more  into  the  aggregate  of  living  cells, 
each  bearing  a  special  form  and  carrying  out  a  special 
function  in  the  economy  of  the  higher  organisms,  is  at 
the  same  time  doomed  to  death,  gradually  losing,  as  it 
does,  its  power  of  assimilation,  growth,  and  division — i.e., 
of  self-preservation.  Prof.  Haeckel  in  1866,  and  Dr 
Jager  in  1877,  elaborated  the  idea  further,  pointing  out 
that  the  "  germinal "  element  or  substance  was  that 
portion  which  in  the  process  of  division  is  reserved 
for  the  preservation  of  the  species  (the  (pvXov,  hence 
termed  the  phylogenetic  portion),  whereas  the  "  personal " 
element  or  substance  goes  to  form  the  body  or  individual 
(the  6v,  hence  termed  the  ontogenetic  portion).^ 


^  Darwin  quotes  this  passage  in 
a  historical  note  to  his  theory  of 
"  Pangenesis "  in  the  concluding 
chapter  of  his  '  Animals  and  Plants 
under  Domestication'  (vol.  ii.  p. 
375).  He  adds  further,  "By  the 
agency  of  these  germ- cells  Prof. 
Owen  accounts  for  parthenogenesis, 
for  propagation  by  self  -  division 
during  successive  generations,  and 
for  the  repairs  of  injuries.  His 
view  agrees  with  mine  in  the 
assumed  transmission  and  multi- 
plication of  his  germ -cells,  but 
differs  fundamentally  from  mine  in 


the  belief  that  the  primary  germ- 
cell  was  formed  within  the  ovarium 
of  the  female,  and  was  fertilised  by 
the  male.  My  gemmules  are  sup- 
posed to  be  formed,  quite  independ- 
ently of  sexual  concourse,  by  each 
separate  cell  or  unit  throughout  the 
body,  and  to  be  merely  aggregated 
within  the  reproductive  organs." 

^  Complete  references  to  the 
earlier  statements  of  this  theory, 
which,  through  the  various  writings 
of  Prof.  Weismann  (since  1881, 
when  he  read  a  paper,  "  On  the 
Duration     of    Life,"     before     the 
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This  provisional  statement,  which  emphasises  the  now 
generally  recognised  difference  between  the  germ-sub- 
stance and  the  body-substance,  requires,  however,  two 
further  qualifications  in  order  to  embrace  the  great 
characteristic  facts  of  life  and  death  as  modern  em- 
bryology and  the  phenomenon  of  descent  have  unfolded 

them. 

Only  in  rare  instances  can  we  observe  the  continuity 
of  cells — i.e.,  of  those  organisms  which,  so  far   as  our 
knowledge  goes,  form  the  ultimate  units  of  living  matter. 
Weismann  recognised,  as  did  the  great  botanist  NageU, 
and  long  before  both  of  these  the  philosopher  Herbert 
Spencer,  that  though  in  the  cell,  with  its  nucleus  and 
protoplasm,  we  may  have  arrived  at  the  last  microscop- 
ically visible  independent  units  of  life,  we  must— with 
the  atomic  theory  in  chemistry — assume  the  existence 
of  much  smaller  units  in  all  living  matter,  compared  with 
which  even  th«  nucleus  of  the  cell  is  a  very  complex 
aggregate.     If  the  continuity  of  life  is  dependent  upon 
that  of  an  underlying   living  substance,  this  substance 
must  be  only  an  infinitesimal  portion  of  any  visible  cell 
54.       or  nucleus.     The   conception  of  a  continuous   germinal 
?i™aand   substaucc  has  thus   taken   refuge  in   the   more   refined 
plasma.        conception  of  a  germ-plasma,  as  distinguished  from  the 
body  or  somatic  plasma :  the  former  is  immortal  within 
the  limits  of  the  conditions  of  organic  life,  the  latter  is 


Naturforscher  -  versammlung  at 
Salzburg,  reprinted  in  '  Essays  upon 
Heredity,'  transl.  by  Poulton  and 
others,  Oxford  1889  ;  see  also  the 
*  Studies  in  the  Theory  of  Descent,' 
transl.  by  Meldola,  2  vols.,  1882, 
and  the  earlier  essays  of  Weismann 
mentioned  in  the  preface,  p.  viii.), 


has  become  both  scientifically  and 
popularly  recognised  and  debated, 
are  given  in  Geddes  and  Thomson, 
*  The  Evolution  of  Sex,'  p.  93  ;  also 
in  M.  Delage's  great  work,  p.  349, 
&c.,  and  in  Wilson,  'The  Cell,'  p. 
295,  &c. 
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plasma. 


perishable,  mortal,  doomed,  after  temporarily  serving  the 
purposes  of  individual  development,  to  disappear  from 
the  category  of  living  matter. 

And  secondly,  it  appears  that  the  germinal  substance       55. 

•^  ^^  ^  Ditferentia- 

or  germ  -  plasma,  when  once  differentiated  from  the  ^'j^^^^/^™ 
personal  substance  or  body-plasma,  cannot,  as  a  rule, 
perform  unaided  the  function  of  continuous  preservation 
of  the  species  or  phylum.  In  all  the  higher  animals 
the  germ -substance  appears  in  two  distinct  seemingly 
complementary  forms,  and  only  by  the  fusion  of  these 
does  the  development  of  the  germ -substance  become 
possible. 

The  great  difficulties  which  stand  in  the  way  of 
applying  these  conceptions  (which  have  found  an  ex- 
haustive exposition  in  Prof.  Weismann's  'Essays  on 
Descent  and  Heredity ')  to  the  vegetable  kingdom  have 
been  pointed  out,  and  have  prevented  their  general 
adoption  by  biologists ;  ^  nor  have  the  elaborate  modifi- 
cations introduced  in  Prof.  Weismann's  later  writings 
tended  to  make  them  more  acceptable ;  the  idea,  never- 
theless, of  a  fundamental  differentiation  of  the  elements 
of  living  matter  into  germinal  and  personal  has  got  hold 
of  the  scientific  mind  at  the  present  day,  and  cannot  be 


^  On  the  objections  of  Prof.  Stras- 
burger,  who  points  to  the  fact  that 
in  the  case  of  begonias  the  frag- 
ment of  a  leaf  planted  in  moist  sand 
can  reproduce  the  whole  plant  ;  of 
Prof.  Vines,  who  shows  that  whole 
groupsof  champignons,  which  propa- 
gate annually,  are  nevertheless  rich 
in  genera  and  species,  which  have 
evidently  descended  from  one  an- 
other, see  Yves  Delage,  'L'Heredit^,' 
p.  526,  &c. ;  *  Nature,'  vol.  x.  p.  621 ; 
also   O.    Hertwig,   'The   Biological 


Problem  of  To-dav,'  transl,  by  P. 
C.  Mitchell  (1896),  p.  40,  &c.  On 
the  discovery  of  Weismann  "that 
in  parthenogenetic  ova  only  one 
polar  globule  is  formed,  while  there 
are  always  two  in  ova  which  are 
impregnated,"  and  the  "moment- 
ary "  presumption  in  favour  of  his 
theory  which  it  afforded,  see  '  Essays 
on  Heredity,'  p.  333,  &c.  ;  Geddes 
and  Thomson,  'Evolution  of  Sex,' 
p.  180,  &c.  ;  and  Delage,  '  L'Here- 
dite,'  p.  151. 
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passed  over  in  a  history  of  Thought.  Moreover,  it  has 
made  itself  felt  by  giving  rise  to  two  separate  views  of 
the  cause  of  variation — i.e.,  of  that  phenomenon  in  the 
living  creation  on  which  the  entire  modern  theory  of 
descent  is  founded. 

If  it  be  true  that  the  preservation  of  the  species,  the 
continuity  of  living  forms,  is  dependent  on  the  germ- 
plasma,  whereas  the  somatic  plasma,  from  this  point  of 
view,  only  serves  individual  ends  and  is  a  receptacle  or 
temporary  dwelling-place  for  the  germs  which  it  trans- 
mits but  does  not  create,  the  experiences  of  the  body,  its 
changes  and  development,  can  have  little  or  no  influence 
on  the  hidden  germs  and  their  further  history.     Thus 
56.        Weismann   is   led    to  a  denial  of   the   influence  of   en- 
La^raSck.  *  vlroumcnt,  of  habit  and  acquired  characters,  except  in 
those  cases  where,  as  in  the  lower  organisms,  no    dif- 
ferentiation has  set  in  between  the   germinal   and  the 
personal  substance.     This  amounts  to  a  negation  of  those 
modifying   influences   which    Lamarck    emphasised,   and 
which  play  such  a  great  part  in  the  theories  elaborated 
by  Darwin,  Haeckel,  and  especially  by  Herbert  Spencer. 
On  the  other  side,  it  has  led  Weismann  to  lay  a  much 
greater   weight   upon    sexual   selection    and    the    effects 
of  crossing  in  the  process  of    descent   and   the   pheno- 
mena of  heredity.     But   for   sexual   selection,  and   the 
endless   combinations  of  different   germ  -  plasmas,  there 
would,   according   to   Weismann,   be    no   variation,    and 
hence  no  development  of  the  higher  forms  of  life.     The 
controversy  turns  mainly  upon  the  inheritance  of  acquired 
characters,  of  which  indeed    no  genuine   and   authenti- 
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cated  case  seems  to  have  been  established.^  On  the  other 
side  the  influence  of  crossing,  of  the  repeated  division 
and  fusion  of  different  germ-plasmas,  to  which  Darwin 
in  his  later  writings  attached  more  and  more  importance, 
and  on  which  Weismann  relies  exclusively  for  an  ex- 
planation of  variation  and  natural  selection,  is  denied 
by  some  biologists  to  tend  in  the  direction  of  the 
gradual  growth  of  definite  characters :  they  point  rather 
to  the  obliterating  and  diluting  influence  of  such  pro- 
miscuous fusion,  and  they  maintain  that  the  presence  of 
an  environment  which  always  acts  in  a  constant  manner  2 
is  indispensable. 

If  we  now  look  back  for  a  moment  on  the  funda- 
mental change  of  ideas  which  the  century  has  brought 
about  in  the  biological  aspect  of  nature,  we  are  bound 
truly  to  halt  in  astonishment.  In  no  department  of 
thought  have  comparatively  small  beginnings  and  de- 
tailed discoveries,  referring  to  infinitesimally  small 
phenomena,  led  to  such  revolutionary  ideas  concernino- 
those  phenomena  which  most  intimately  affect  our 
personal  interests — the  problems  of  life  and  death,  of 
conduct  and  of  health.  The  whole  of  this  change  has 
been  brought  about  by  introducing  and  extending  those 


Mt  is  needless  to  give  special 
references,  as  all  the  recent  works 
on  the  subject,  which  have  been 
largely  quoted  in  this  chapter,  deal 
with  this  point.  See,  however, 
Yves  Delage,  '  L'Her^dite,'  p.  196, 
for  a  very  complete  bibliography. 
He  concludes  as  follows  :  "II  n'est 
pas  demontre  que  les  modifications 
acquises  sous  I'influence  des  con- 
ditions de  vie  soient  g^n^ralement 


hereditaires,  mais  il  parait  bien 
certain  qu'elles  le  sont  quelquefois. 
Cela  depend  sans  doute  de  leur 
nature.  D'ailleurs  on  ne  sait  pas 
quelle  est  dans  ce  r^sultat  la  part 
de  la  transmission  des  modifications 
somatiques  aux  cellules  germinales 
et  celle  de  Taction  directe  des  con- 
ditions ambiantes  sur  celles-ci "  (p. 
221). 

2  Hertwig,  'The  Cell,' p.  319. 
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methods  of  investigation  and  reasoning  which  have 
been  learnt  in  the  mechanical,  physical,  and  chemical 
sciences:  the  processes  of  observation,  measurement, 
and  calculation.  And  yet  it  may  be  asked,  have  we 
come  nearer  an  answer  to  the  question,  What  is  Life  ? 
At  one  time,  for  a  generation  which  is  passing  away, 
we  apparently  had.  But  a  closer  scrutiny  has  convinced 
most  of  us  that  we  have  not.  The  study  of  life  has 
indeed  ])een  transferred  from  the  higher  and  more  com- 
plex forms  to  the  lower,  the  minuter,  and  the  simpler ; 
and  now  lingers  by  preference  among  cells,  germs,  and 
primitive  organisms,  out  of  which  we  have  learnt  to 
consider  the  higher  ones  as  put  together  on  the  prin- 
ciples of  co-operation,  division  of  labour,  and  mutual 
57.  accommodation.  The  problem  "What  is  Life?"  has 
Two  aspects  .^  ^^^  ^^.^  gained  a  twofold  aspect.     Wherein  consists 

omlT  the  peculiarity  of  the  smallest  unit  of  living  as  com- 
pared with  not-living  matter  ?  In  organisation  we  are 
told,  in  growth  through  intussusception,  in  metabolism ; 
but  we  are  far  from  being  able  mechanically  to  describe 
these  phenomena  or  processes.  The  spectre  of  a  vital 
principle  still  lurks  behind  all  our  terms.^      On  the  other 

objects  themselves,  then  also  indi- 
cative of  the  existence  of  some  im- 
material principle  ?  Though  this  is 
manifested  in  mechanical  contriv- 
ances which  it  has  left  behind  with 
its  signature  upon  them,  it  is  never- 
theless vaguely  analogous  to  the 
selective,  purposeful,  or  orderly 
performances  of  a  human  intellect. 
The  exclusive  study  of  detail  on  the 
one  side,  the  aspect  of  the  whole  on 
the  other,  will  always  induce  opposite 

answers  to  this  question.  In  addi- 
tion to  the  literature  given  in  the 
notes  to  this  chapter,  I  may  refer 


> 


^  ^  If  we  broadly  summarise  the 
properties  peculiar  to  living  things 
which  the  nineteenth  century  has 
dwelt  on  in  an  original  manner 
under  the  three  conceptions  of  adap- 
tation (fitness),  selection  (natural  or 
sexual),  and  organisation  (order  or 
harmony),  the  question  presents  it- 
self, Is  any  of  these  much-used  terms 
intelligible  or  definable  without 
reference  to  something  which  is  ex- 
traneous to  the  object  we  treat  of, 
this  reference  existing  in  our  own 
thinking  or  contemplating  mind, 
and,  if  actually  present  in  natural 


side,  the  union  or  co-operation  of  many  essentially  similar 
units  in  a  complicated  organism  brings  out  more  and 
more,  as  we  ascend  in  the  scale  of  living  things,  a  new 
phenomenon,  a  new  kind  of  unity,  that  which  we  term 
"  individuality,"  the  wealth  of  an  inner  self-conscious  life, 
to  which  the  older  school  of  biologists  attached  primary 
importance.  Life  accordingly  has  now  for  us  two  sides 
— first,  the  life  of  the  smallest,  the  most  primitive  unit 
of  living  matter,  say  the  cell,  the  amoeba,  or,  if  you  will, 
the  idioblast,  the  gemmule,  the  germ-plasma,  the  physio- 
logical unit.  Secondly,  the  life  of  the  complex  society  of. 
cells,  the  higher  organism  in  which  the  inner  world  with 
all  its  mental  phenomena  has  become  manifest.  How 
is  the  unity  of  this  higher  complex  possible  ?  In  what 
does  it  consist  ?  What  can  we  know  of  it  ?  Neither 
the  physiological  nor  the  psychological  unity  is  in- 
telligible to  us.  An  eminent  'biologist,  to  whom  we 
owe  the  creation  of  an  entire  new  science,  the  late 
Professor  Virchow,  the  founder  of  Cellular  Pathology, 
has  told  us  recently  ^  that  only  since  biologists  have 
ceased  to  try  to  understand  the  unity  of  life  in  the 
higher  organisms,  the  psychological  unity,  and  have 
reahsed  the  fact  that  the  unity  of  life  is  in  the 
autonomous  cell,  has  biology  in  theory  and  practice 
made  much  progress.  Be  it  so.  It  seems  likely  that 
the  progress  of  biology  depends  entirely  on  the  culti- 
vation of  the  mechanical  view ;   but  from  another  and 


to  the  following  tracts  which  deal 
specially  with  the  problems  of 
mechanism  and  vitalism.  Hans 
Driesch,  *  Die  mathematisch  -  me- 
chanische  Betrachtung  morpholog- 
ischer  Probleme  der  Biologie'  (Jena, 


1891)  ;  0.  Biitschli,  *  Mechanismus 
und  Vitalismus '   (Leipzig,    1901); 
Eugen   Albrecht,    *  Vorfragen    der 
Biologie'  (Wiesbaden,  1899). 
1  In  the  Huxley  Lecture  of  1898. 
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Transitioi^'^' 
to  psycho 
physics. 


equally  legitimate  aspect,  the  unity  of  the  complex  as 
the  bearer  of  all  the  phenomena  of  higher  or  inner  life 
is  equally  important.     In  many  ways  it  is  a  counter- 
part of  the  other,  showing  a  peculiar  continuity  of  its 
own,  that  continuity   which   I   have   made   the  special 
rlubject  of   this  work.     In  proportion  as  the  biological 
1    view   of   nature   has    become    the    science    of   the   cell, 
1    another  science  has  grown  up  which  sets  itself  to  study 
this   higher  phenomenon   of   living   matter,  the   pheno- 
menon of   mind,  directly  by  the  methods  of  the  exact 
.sciences.     This  is  the  modern  Science  of  Psycho -physics. 
Even  the  microscopist  and  biologist  of  the  most  modern 
type  are   occasionally   startled   by   phenomena    akin  to 
those  which  commonly  are  only  visible  in  the  highest 
organisms.       Psychical   existence,  an  inner  side  to  the 
external    phenomena    of    motion,  has   accordingly   been 
attributed  by  eminent  representatives  of  the  mechanical 
view  of  biological  phenomena  to  the  lowest,  the  most 
primitive,   unit   of    living   matter.       Another   school   of 
science  has  set  itself  to  study  this  inner  side  of  liv- 
incT    organisms    in    its    more   perfect,    as   it   were    full- 
grown,  manifestations,  and  by  appealing  in  addition  to 
the  facts  only  known  by  introspection  or  self-conscious- 
ness.    With  the  history  of  this  movement,  so  far  as  it 
belongs  to  exact  science,  I  propose  to  deal  in  the  next 
chapter  under  the  general  title  of  the   Psycho-physical 
View  of  Nature. 
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ON    THE    PSYCHO-PHYSICAL    VIEW    OF    NATURE. 


■ 

-  In  the  three  foregoing  chapters  I  have  attempted  to  trace        i. 
the  development  of  the  different  aspects  under  which  our  and  eonwete 
knowledge  of  the  real  things  which  surround  us,  and  of  '^'''"'''^ 
nature  as  a  whole,  has  been  extended  in  recent  times.     I 
have  brought  these  different  aspects  which  respectively 
consider  things  natural  according  to  their  forms,  their    ]\ 
genesis,  or  their  life  and  purpose,  under  the  general  name 
of  the  biological  as  distinguished  from  the  abstract  view, 
with  which  I  dealt  in  the  four  previous  chapters.     The 
abstract  view  tries  to  arrive  at  the  general  properties  of 
all  things,  which  it  has  succeeded  in  our  times  in  sum- 
ming up  under  the  great  generalisations  of  Attraction, 
Atomism,  Kinetics,  and   the   doctrine   of  Energy.     The 
biological  view    is  interested   not    so  much   in   general 
properties  as  in  real  specimens — the  things,  beings,  and 
phenomena  in  which  we  see  the  general  properties  ex- 
emplified and  become  real  and  in  their  actual  union  or 
totality  which   we   call   nature.     The  abstract   sciences 
started  on  their  modern  career  with  mathematics,  and 
progressed  through  the  development  and  application  of 
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the  mathematical  methods  to  the  data  furnished  by 
observation  and  experiment;  the  biological  or  concrete 
sciences  began  with  a  study  of  living  things,  and  have 
progressed  immensely  in  our  times  by  viewing  these  not 
in  isolation,  but  in  their  relations  to  each  other  and  to 
the  surrounding  lifeless  world — the  so-called  environ- 
ment. An  exact  treatment,  that  to  which  the  term 
"  scientific  "  has  been  pre-eminently  applied,  seems  here 
also  to  depend  largely,  if  not  exclusively,  on  the  degree 
to  which  the  mathematical  processes  of  numbering  and 
measuring  can  be  applied,  and  on  the  utilisation  of  the 
general  results  arrived  at  in  the  abstract  sciences. 

The  method  of  the  abstract  sciences  is  that  of  building 
up  from  small  beginnings,  by  the  process  of  summation 
or  integration,  intricate  complexes  which  not  infrequently 
are  found  to  correspond  to  phenomena  of  actual  experi- 
ence. It  has  at  its  command  the  unlimited  resolving 
powers  of  the  calculus,  and  the  well-established  assump- 
tion that  things  natural  are  made  up  of  numberless 
particles  entering  into  innumerable  combinations.  The 
whole  is  thus  for  the  mathematical  view  the  sum  of  its 
parts.  The  concrete  or  natural  sciences,  on  the  other 
hand,  start  with  the  ready-made  things  or  creatures  of 
nature,  or  on  a  larger  scale  with  the  great  order  and 
economy  of  our  world  or  the  universe,  and  only  descend 
into  the  minutire  of  the  observatory,  the  dissecting-room, 
or  the  laboratory,  with  the  hope  of  better  understanding 
the  great  and  complicated  objects  of  their  study.  The 
greatest  progress  in  the  abstract  sciences  has  been  made 
by  those  minds  that  could  concentrate  their  atten- 
tion  on   special    points,   not   infrequently   expressed   in 
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mathematical  formula?,  and  expand  their  view  through 
applications :  the  greatest  progress  in  the  natural  sciences 
has  been  made  by  those  who  started  with  a  large  and 
comprehensive  view  of  things  natural,  and  gradually 
descended  into  detail.  Newton,  Lagrange,  Fresnel,  and 
Helmholtz  are  good  examples  of  the  former ;  Humboldt, 
von  Baer,  Claude  Bernard,  and  Darwin  of  the  latter. 

Now,  it  is  a  frequent  experience  that  in  the  study 
of   things  natural,  through    the  unavoidable   process  of 
dissection  and  analysis,  the  subsequent  synthesis  or  sum- 
ming up  has  not  carried  the  student  back  to  the  real 
thing  from  which  he  started,  but  to  some  artificial  pro- 
duct differing  essentially  from  the  natural  object.     The 
real  essence  of  the  thing  seemed  lost  when  its  parts  were 
examined  by  themselves  or  in  their  apparent  aggrega- 
tion.    A  prominent  example  of  this  kind  is  to  be  found 
in  the  living  organism.     Theories  have  accordingly  been 
formulated   which  looked   upon   Hfe  as  a  special   prin- 
ciple to  be  superadded  to  any  conceivable  aggregation  of 
mechanical  processes,  in  order  to  raise  them  from  the 
hfeless  into  the  living  order  of  things.     The  last  chapter 
dealt  with  the  various    biological  hypotheses,  of  which 
three  are  conspicuous :  the  purely  mechanical,  according 
to  which  the  living  organism  is  merely  a  very  compli- 
cated chemical  molecule ;  the  vitalistic,  which  estabhshes 
an  essential  difference  between  the  action  and  constitu- 
tion of  a  living  and  a  lifeless  unit  of  matter ;  and  an 
intermediate  view,  which  looks  upon  organisms  as  manu- 
factured machines  built  up  according  to  some  plan,  de- 
sign, or  idea,  the  nature  of  which  can  be  further  inquired 
into,  but  which  does  not  try  to  throw  any  additional 
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light  on  the  mechanism  itself,  the  working  of  which, 
like  that  of  a  clock,  can  be  described  on  purely  mechani- 
cal lines  and  without  reference  to  the  idea  which  preceded 
its  construction. 

According  to  many  prominent  naturalists,  the  evident 
design  and  purpose  which  characterise  so  many  pheno- 
mena of  living  matter  are  explained  on  purely  mechan- 
ical lines  by  the  inherent  or  forced  teleology  of  living 
things,  which  through  over-production  have  to  submit  to 
an  automatic  process  of  selection  or  survival.  To  others 
this  automatic  process  does  not  seem  to  suffice,  and 
they  assume  a  principle  of  progress  which  acts  in  a 
regulative  manner.  This  vitalistic  view  is  further  sup- 
ported by  taking  into  account  an  extensive  class  of 
phenomena  which  I  have,  so  far,  hardly  noticed — 
the  marvellous  properties  of  the  higher  creations  of 
the  animal  world  which  exhibit  the  phenomena  of 
consciousness  or  of  an  inner  experience.  That  these 
phenomena  belong  to  the  realm  of  natural  science  as 
much  as  any  other  properties  of  living  things  cannot 
nowadays  be  doubted.  The  division  into  natural  and 
mental  science  can  no  longer  be  upheld,  or  only  with 
a  very  different  meaning  from  that  which  it  had  for  a 

bygone  age. 

It  will  be  my  object  in  this  chapter  to  give  an  account 
of  the  various  and  changing  aspects  which  this  great 
phenomenon  of  an  inner  or  conscious  life  has  presented 
to  naturalists — i.e.,  to  those  who  have  approached  the 
phenomena  of  Mind  from  the  side  of  nature,  and  of  the 
different  lines  of  research  and  reasoning  along  which 
they  have  dealt  with  it.     I  shall  comprise  the  whole  of 


4. 
Psycho- 
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this  section  of  scientific  thought  under  the  general  term 
of    Psycho -physics.^       It    refers    to   the    borderland   or 
common  ground  where  physical  and  mental  or  psychical  I'^S' 
phenomena  meet  or  interact. 

Although  the  term  psycho-physics  is  quite  modern,  the 
idea  of  a  special  science  dealing  with  the  relations  of 
mind  and  body,  or  of  the  physical  and  mental  life  of  the 
human  organism,  has  been  prominently  before  the  scien- 
tific world  ever  since  Cabanis  published  his  celebrated 
'Eapports  du  Physique  et  du  Moral  de  I'Homme,'  in 
which  the  well-known  passage  occurs  which  has  been 
frequently  repeated,  modified,  and  quoted  with  varying 
approval  or  reproach :  2  "In  order  to  arrive  at  a  correct 


^  The   term   was   first    used   by 
G.  T.  Fechner  in  the  well-kuOwn 
work  bearing  this  title,  of  which  I 
shall  have  more  to  say  in  the  course 
of  the  chapter.     This  work,  deal- 
ing mainly  with  a  certain  numerical 
relation,  narrowed  the  term  down 
to  a  special  investigation,  whereas 
the   larger  problem,   the  study  of 
the  interaction  of  mind  and  body 
by    the     methods     of     the     exact 
sciences,  was  variously  designated 
as  physiological  psychology,  mental 
physiology,   psycho  -  physiology    or 
physiology  of  the  soul.     As  there 
is  a  tendency  to  regard  physiology 
more  and  more  as  the  physics  of 
the  living  organism,   it  is  evident 
that  physics  is  the  larger  term  ;  and 
in  dealing  with  the  relations  of  the 
physical  and  the  psychical  in  the 
widest    sense,    the    term    psycho- 
physics  seems  the  more  appropriate. 
^  *  (Euvres  completes  '  de  Cabanis 
(1834),  vol.  iii.  p.  159.     The  simile 
has    attained   a   sort   of  historical 
celebrity  through  the  drastic  ver- 
sion which  was  given  to  it  by  Karl 
Vogt  in  his  *  Physiol ogische  Brief e ' 
(1847),    p.     206,    where,     with     a 


distinct    intention    of    rousing    an 
aesthetic  disapproval,  he  compares 
the  function  of  the  brain  with  the 
secretion  of  bile  by  the  liver   and 
of   urine    by   the    kidneys.      This 
dictum,  which   he  repeated  in  his 
controversy  with  Rudolph  Wagner, 
led  in  the  middle  of  the  century, 
as  Du  Bois-Reymond  tells  us,  to  a 
kind  of  systematic  championship  of 
the  soul,  the  comparison  with  the 
kidneys    being    looked    on    as     a 
degrading    offence.      "Physiology, 
however,  has  no  knowledge  of  such 
grades  of  dignity.     As  a  scientific 
problem     the     secretion     of     the 
kidneys    is    to    her  of    the    same 
dignity  as  the  investigation  of  the 
eye  or  the  heart  or  any  other  so- 
called   noble   organ."     Vogt   used 
the  simile  as  an  illustration  of  his 
purely   materialistic  view.      Lange 
('Hist,    of     Materialism,'    vol.    ii. 
p.  242)  shows   that  with   Cabanis 
the  dictum  is  by  no  means  bound 
up  with  such  a  view,  as  he  really 
was    a    pantheist.      The    mistake, 
says   Du   Bois-Reymond,  does   not 
lie  in  the  comparison,  but  in  the 
implied  suggestion,  that  psychical 
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idea  of  those  operations  from  which  thought  arises,  we 
must  consider  the  brain  as  a  particular  organ,  destined 
specially  to  produce  it  in  the  same  way  as  the  stomach 
and  the  intestines  are  there  to  perform  digestion,  the 
liver  to  filter  the  bile,  the  parotid,  maxillary,  and  sub- 
lingual glands  to  prepare  the  salivary  juice." 

The  argument  which  led  Cabanis  to  draw  this  parallel 
between  the  functions  of  the  brain  and  those  of  other 
organs  of  the  human  body  was  based  upon  the  philo- 
sophy of  Locke,  which  had  been  domiciled  in  France  by 
Condillac  and  Helvetius.  This  philosophy,  in  its  popular 
version,  taught  that  all  our  thoughts  and  ideas  were 
ultimately  made  up  of  sensations.^     On  the  other  side, 


activity  could  be  *' explained 
through  the  structure  of  the  brain, 
as  secretion  can  be  explained  from 
the  structure  of  a  gland  "  ('  Reden,' 

vol.  i.  p.  129). 

1  Cabanis  (1757-1808),  in  the  pre- 
face to  the  'Rapports,'  &c.,  p.   11, 
gives  a  list  of  contemporary  French 
writers  who,  following  in  the  line 
of  Locke,  to  whom  "  philosophy  is 
indebted  for  the  greatest  and  the 
most  useful  impulse,"  have  taken 
up  different  sides  of  the  doctrine. 
Of  their  writings  a  very  clear  and 
exhaustive  analysis  will  be  found 
in   M.    Picavet's    '  Les    Ideologues, 
Essai   sur  I'histoire    des    idees    et 
des  theories   scientifiques,    philoso- 
phiques,  religieuses,  &c.,  en  France 
depuis   1789'    (Paris,   1891).      Ca- 
banis's  own  position  is  very  clearly 
defined  (p.   16)  when  he  says  that 
"  Les  operations  de  I'intelligence  et 
de  la  volonte  se  trouveraient  con- 
fondues    a  leur    origine    avec    les 
autres  mouvements  vitaux  :  le  prin- 
cipe   des  sciences   morales,  et   par 
consequence     ces     sciences      elles- 
memes  rentreraient  dans  le  domame 
de  la  physique;   elles  ne   seraient 


plus  qu'une    branche  de  I'histoire 
naturelle    de    I'homme :    I'art    d'y 
verifier  les  observations,  d'y  tenter 
les  experiences,  et  d'en  tirer  tons  les 
resultats  certains  qu'elles  peuveut 
fournir,    ne    differeraient    en    rien 
des    moyens    qui     sont    jouruelle- 
ment  employes  avec  la  plus  entiere 
et  la  plus  juste  confiance  dans  les 
sciences  pratiques  dont  la  certitude 
est  le  moins  contestee."     This  was 
written  in  1802.     M.  Pica  vet  says 
of     Cabanis     with     much     truth : 
"  Le  continuateur  d'Hippocrate,  de 
Descartes    et    des    philosophes    du 
XVlIlrae  eiecle,  a  ete  un  precurseur 
de  Lewes  et  de  Preyer,  de  Schopen- 
hauer et  de  Hartmann,  comme  de 
Lamarck,   de    Darwin   et   de    bien 
d'autres    penseurs    qui    appartien- 
nent  aux  ecoles  les  plus  differentes, 
et     ne     soupgonnent     quelquefois 
meme  pas  que  les   idees   dont   ils 
sont  partis  leurs   sont  venues   in- 
directement,    mais   par   des    inter- 
m^diaires  authentiques,  de  I'auteur 
des  'Rapports  du  physique  et   du 
moral '  "  (*  Les  Ideologues,'  p.  264). 
M.  Picavet  also  gives  valuable  ex- 
planations how  it  came  about  that 
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the    physiologists    of    the    eighteenth    century,   notably 
Haller,   had   demonstrated   that    the  properties   of    the        6. 

Prepared'by 

physical  organism  culminated  in   those  of  the   nervous  i^ockeand 

■^     "  ^  Haller. 

system — irritability  and  sensibility.  The  phenomenon 
of  sensibility,  of  producing  and  combining — as  it  were 
digesting — sensations,  was  thus  the  function  of  the  brain, 
or  the  central  organ  of  the  nervous  system,  as  other  pro- 
cesses were  the  functions  of  other  organs  or  physiological 
apparatus.  Cabanis  was  led  on  from  medical^  studies, 
as  Locke  had  been  before  him,  to  the  study  of  mental 
and  moral  subjects,  and  he  formed  the  conception  of  a 
science  of  Man,  or  Anthropology,^  divided  into  Physio- 
logy, the  Analysis  of  Ideas,  and  Morals,  which  would 
ultimately  be  of  as  much  use  for  the  practical  purposes 
of  education  and  government  as  the  exact  study  of  other 
natural  phenomena  then  cultivated  in  France  for  the 
purposes  of  medicine,  industry,  and  material  civilisation. 
Although  it  may  be  admitted  that  Cabanis  created^ 
physiological  psychology,  and  that  he  cast  far-reaching 
glances  into  the   neighbouring   departments   of  animal, 


i 


the  line  of  philosophical  thought 
so  clearly  indicated  by  Cabanis 
was  not  more  systematically  de- 
veloped in  France  at  the  time, 
and,  like  many  other  lines  of  re- 
search which  originated  in  that 
country,  had  to  be  re-discovered 
fifty  years  later  in  other  countries. 
The  question  is  important,  and 
may  occupy  us  later  on.  See, 
however,  regarding  the  disfavour 
into  which  the  "moral"  sciences 
fell  owing  to  political  reasons,  vol. 
i.  p.  149  of  this  work. 

^  Cabanis  blames  in  Condillac  and 
Helvetius  that  they  knew  noth- 
ing of  physiology.      "S'ils  eussent 


mieux  connu  I'^conomie  animale, 
le  premier  aurait-il  pu  soutenir  le 
syst^me  de  I'egalit^  des  esprits  ?  le 
second  n'aurait-il  pas  senti  que 
I'ame,  telle  qu'il  I'envisage,  est  une 
faculte,  mais  non  pas  un  etre ;  et 
que,  si  c'est  un  etre,  a  ce  titre  elle 
ne  saurait  avoir  plusieurs  des 
qualites  qu'il  lui  attribue"  (ibid., 
p.   66). 

^  "  C'est  ce  que  les  Allemands 
appellent  I'anthropologie  ;  et  sous 
ce  titre  ils  comprennent  en  eflfet 
les  trois  objets  principaux  dont 
nous  parlous  "  (Cabanis,  '  OEuvres,' 
vol.  iii.  p.  40). 

^  Picavet,  loc,  cit.,  p.  292. 
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embryological,  and  morbid  psychology,  from  which  he 
expected  much  assistance,  his  ideas  remained  vague,  as 
did  those  of  the  contemporary  school  of  the  "  Ideologues," 
among  whom  Destutt  de  Tracy  ^  deserves  honourable 
mention  as  having  conceived  the  plan  of  a  psychological 
treatment  of  grammar.  Their  merit  lay  more  in  drawing 
the  plans  of  the  new  science  of  psychology  as  a  natural 
science  in  its  largest  sense,  and  of  urging  its  scientific 
and  exact  treatment,  than  in  making  a  real  and  fruitful 
beginning  on  special  lines. 

It  is  a  remarkable  fact  that  the  first  attempt  to 
analyse  in  detail  one  of  the  special  instances  of  psycho- 
physical interaction  came  about  a  hundred  years  earher 
from  that  successor  of  Locke  who  has  always  been 
counted  as  the  extreme  idealistic  development  of  English 
7.  speculation.  Bishop  Berkeley's  'Essay  towards  a  New 
?fheor7of  Theory  of  Vision'  (1709)  has  been  called  "the  verit- 
able  historical  starting-point  of  psycho-physical  investi- 
gation." 2  Although  averse  to  any  exact  theory  of  the 
universe,  deeming  it  "  beneath  the  dignity  of  the  mind 
to  affect  exactness,"^  and  at  war  with   the   mathema- 


1  Picavet  (p.  398)  says  of  Destutt 
de  Tracy  (1754-1836):  '-Venu  par 
les  sciences  k  la  philosophie,  D. 
de  Tracy  a  donn^  k  I'ideologie  un 
nom  et  un  caractere  positif.  S'il 
a  cru,  h.  tort,  qu'il  pouvait  la 
constituer  de  toutes  pieces,  il  a 
fort  bien  vu  que,  pour  devenir 
une  science  independante  et  com- 
plete, elle  devait  s'appuyer  sur  la 
physiologie  et  la  pathologie,  sur 
I'etude  des  enfants,  sur  celle  des 
fous  et  sur  celle  des  animaux.  II 
I'a  unie  intimement  k  la  grammaire 
et  a  la  logique,  a  la  morale  et  h 
r^conomie  politique,  a  la  legislation 
et  k  la  politique." 


2  Dr  Edmund  Montgomery,  in 
his  very  interesting  and  valuable 
critical  analysis  of  '  Space  and 
Touch,'  three  memoirs  contained 
in  the  tenth  volume  of  the  first 
series  of  'Mind'  (1885),  p.  385. 

=*  See  *A  Treatise  concerning  the 
Principles  of  Human  Knowledge,' 
§  109 :  "As  in  reading  other 
books,  a  wise  man  will  choose  to 
fix  his  thoughts  on  the  sense  and 
apply  it  to  use,  rather  than  lay 
them  out  in  grammatical  remarks 
on  the  language ;  so  in  perusing 
the  volume  of  nature  it  seems 
beneath  the  dignity  of  the  mind 
to   effect   an  exactness    in    reduc- 
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ticians,!  as  Hobbes  had  been  before  him,  Berkeley  had  a 
clear  conception  of  the  following  definite  problem:  By 
what  succession  of  physical  and  mental  experiences,  by 
what  "  organic  and  vital  data,"  do  we  become  aware  of 
space  and  of  body  or  matter  ?  His  answer,  which  makes 
tactile  sensations  the  base,  has  been  advocated  and  quoted 
by  English  psychologists  of  the  Association  school  up  to 
the  present  day,  and  forms  the  text  for  their  various 
explanations. 

The  genesis  of  space  perception  was  much  discussed 
in  the  circle  of  Locke's  friends,  Molyneux  proposino- 
the  celebrated  query  ^  named  after  him,  and  Cheselden 
describing  at  length,  in  the  Philosophical  Transactions, 
the  experiences  of  an  adult  blind  patient  who  liad 
received  his  sight  by  couching.  The  eighteenth  century 
brought  other  isolated  researches  of  an  experimental  or 
mathematical  nature,  which  may  be  regarded  as  the 
beginnings  of  an  exact  treatment  of  the  relation  of  psy- 


ing  each  particular  phenomenon  to 
general  rules,  or  showing  how  it 
follows  from  them.  We  should 
propose  to  ourselves  nobler  views, 
such  as  to  recreate  and  exalt 
the  mind,"  &c.  In  the  following 
paragraph  Berkeley  refers  to  the 
'  Principia '  as  "  the  best  grammar 
of  the  kind  "  he  was  speaking  of. 

^  A  very  full  account  of  this  con- 
troversy will  be  found  in  a  paper 
by  Prof.  Geo.  A.  Gibson  in  the 
'  Proceedings  of  the  Edin.  Math. 
Soc. ,'  vol.  xvii. 

^  The  query  is  given  in  Locke's 
'Essay,'  Book  IL  ch.  ix.  §  8,  as 
follows :  "  Suppose  a  man  born 
blind,  and  now  adult,  and  taught 
by  his  touch  to  distinguish  be- 
tween a  cube  and  a  sphere  of  the 
same  metal  and  nighly  of  the  same 
bigness,  so  as  to  tell  when  he  felt 


one   and   the   other,  which  is   the 
cube  and  which  the  sphere.     Sup- 
pose,  then,    the   cube   and   sphere 
placed   on    a   table,  and  the  blind 
man  made  to  see  :  Query,  whether 
by    his   sight,    before    he    touched 
them,    he   could   now    distinguish, 
and  tell,  which  is  the  globe,  which 
is  the  cube  ?     To  which  the  acute 
and^^  judicious    proposer    answers, 
No."     For  a  full  analysis  of  actual 
cases,  such   as   that  of  Cheselden, 
and  more  recent  ones,  see  Wundt, 
*  Physiologische   Psychologic,'   vol. 
ii.    p.    233.       That   Berkeley   was, 
however,  neither  a  psycho-physicist 
nor  a  physiological  psychologist  in 
the  modern  sense,  is  well  remarked 
by   Campbell    Eraser   in   his   essay 
on  Berkeley  (Blackwood's  "  Philos. 
Classics,"  *  Berkeley,'  p.  45,  &c.) 
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Bernoulli 
and  Euler. 


chical  with  physical  phenomena.  Fechner,  the  founder 
of  psycho -physics  as  an  independent  doctrine,  refers 
notably  to  two  ^  such  instances.  They  were  contributed 
by  two  great  mathematicians,  Daniel  Bernoulli  and 
Leonhard  Euler.  The  former  pointed  out  that  the  value 
which  we  attach  morally  to  the  addition  to  any  material 
possession  is  not  measured  by  the  actual  magnitude  of 
such  addition,  but  by  the  relation  it  bears  to  that  which 
we  already  possess.  The  first  sovereign  earned  by  a 
poor  and  starving  labourer  has  an  almost  infinite  value 
compared  with  what  it  has  for  a  person  already  possessed 
of  a  million.  Laplace  and  Poissoh  referred  to  this  state- 
ment of  Bernoulli,  and  introduced  the  terms  "  fortune 
physique,"  "  fortune  morale,"  showing  that  they  stand 
in  a  simple  mathematical  relation.  The  same  relation 
was  shown  by  Euler  to  exist  between  our  estimate 
of  musical  intervals  in  the  harmonic  scale  and  the 
difference  of  the  number  of  vibrations  of  the  strings 
which  produce  the  two  notes.  It  was  above  a  cen- 
tury before  Fechner  correlated  these  isolated  remarks 
with  observations  of  modern  psycho  -  physics  in  his 
celebrated  law,  of  which  more  anon. 

On  the  whole,  little  progress  was  made  during  the 
eio"hteenth  century  in  the  department  of  research  I  am 
now  dealing  with ;  but  the  end  of  the  eighteenth  and 
the  beginning  of  the  following  century  brought  several 
important  discoveries,  some  of  which  were  at  the  time 
much  over-estimated,  whilst  others  were  for  a  long  time 
forgotten  or  overlooked. 

The  first   is  the  accidental  discovery  by  Galvani  in 

1  '  Psychophysik,'  1860,  vol.  ii.  p.  548,  &c. 
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1786,  followed,  fifteen  years   after,  by  Volta's   greater        9. 

Animal 

invention.  The  late  eminent  Prof.  Du  Bois-Eeymond,  electricity. 
in  various  passages^  of  his  scientific  and  literary  writ- 
ings, has  told  us  of  the  recurrent  fascination  which  the 
fata  morgana  of  Electricity  has  exercised  over  those 
interested  in  the  explanation  of  the  phenomena  of 
innervation ;  how  this  seductive  clue  has  been,  in  the 


1  See  vol.  ii.  pp.  212,  386,  528  of 
Du  Bois-Reymond's  'Reden,'  also 
his  *  Untersuchungen  iiber  thier- 
ische  Electricitiit '  (1848),  vol.  i. 
pp.  30-128.  One  of  the  first  to 
take  up  in  the  interests  of  nervous 
physiology  the  clue  which  Galvani's 
discovery  afforded  was  A.  von 
Humboldt,  who  published  in  1797, 
three  years  before  Volta's  discovery, 
his  valuable  *'  Versuche  iiber  die 
gereizte  Muskel-  und  Nervenfaser, 
nebst  Vermuthungen  liber  den 
chemischen  Process  des  Lebens 
in  der  Thier-  und  Pllanzenwelt." 
A  lucid  account  of  Humboldt's 
work  is  given  by  Prof.  Wundt  in 
the  third  volume  of  the  German 
edition  of  Bruhns'  'Life  of  Hum- 
boldt,' p.  301  sqq.  "It  is  diffi- 
cult," he  says,  "to  picture  to 
oneself  nowadays  the  excitement 
which  the  observations  of  Galvani 
produced  in  the  scientific  world. 
.  .  .  Such  experiments  had  almost 
become  a  general  subject  of  enter- 
tainment in  cultured  circles.  .  .  . 
It  almost  appeared  as  if  what 
at  that  time  was  looked  upon  as 
the  most  general  property  of  living 
matter,  irritability,  were  by  the 
experiment  of  Galvani  to  be  for 
the  first  time  unveiled  in  its  real 
essence.  ...  At  the  time  when 
Humboldt  made  his  experiments 
the  contest  was  still  going  on 
between  the  followers  of  Galvani 
and  Volta."  This  referred  to  a 
physiological  or  purely  physical 
explanation    of    the   phenomenon. 


"  Barely  three  years  after  the 
publication  of  Humboldt's  work 
the  discovery  of  Volta's  pile  put 
an  abrupt  end  to  all  theories 
which  were  based  upon  the  phys- 
iological origin  of  galvanic  phen- 
omena. The  brilliant  development 
of  physical  galvanism  from  that 
moment  pushed  the  physiological 
aspect  of  electricity  for  a  long 
time  into  the  background.  .  .  . 
Humboldt's  work  was  forgotten " 
(p.  310).  In  the  meantime  Hum- 
boldt had  travelled  in  South  Amer- 
ica, where  he  had  —  inter  alia — 
observed  the  "natural  electro- 
motors which  stand  in  such  ex- 
traordinary connection  with  the 
nervous  system "  of  the  electrical 
eel  {Gymnotus  electricus),  giving  a 
thrilling  description  of  a  battle 
between  the  horses  and  the  eels 
which  he  witnessed  in  the  waters 
of  Calabozo.  (See  Humboldt's 
'Personal  Narrative,'  vol.  iv.  p.  345 
sqq.  ;  also  'Ansichten  der  Natur,' 
vol.  i.  p.  33. )  Interest  in  the  subject 
of  animal  electricity  was  again  re- 
vived by  Italian  physiologists  about 
the  year  1835.  Nobili,  Marianini, 
Santi  -  Linari,  Matteucci  repeated 
and  enlarged  the  experiments  of 
Galvani,  and  through  the  influence 
of  Humboldt  and  Johannes  Miiller, 
the  study  of  the  whole  subject 
was  comprehensively  taken  up  at 
Berlin  by  Du  Bois-Reymond  about 
1840,  and  exhaustively  treated  in 
his  great  work  on  the  subject  (vol. 
i.  1848,  vol.  ii.  1860). 
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10. 
Phrenology. 


course  of  more  than  a  century,  alternately  taken  up 
with  enthusiasm,  and  abandoned  as  misleading.  At  the 
turn  of  the  centuries  the  mania  for  animal  electricity 
was  at  its  height.  Men  like  A.  von  Humboldt  took  up 
the  study  with  eagerness,  and  sovereigns  like  Napoleon 
offered  special  prizes,  in  the  hope  that  here  at  last  the 
secret  of  life  and  consciousness  would  be  revealed.  The 
school  of  the  "  Xaturphilosophie "  in  Germany  seized 
upon  the  suggestion  of  polarity  and  polar  forces  con- 
tained in  the  phenomena  of  galvanic  action,  and,  sup- 
ported by  the  still  more  mystical  processes  of  the 
so-called  animal  magnetism  which  had  been  exhibited 
by  Mesmer  twenty  years  earlier,  worked  up  these 
vac'ue  indications  into  fanciful  theories  of  vitalism  and 
animism.  This  brought  the  whole  line  of  thought 
into  discredit,  drove  away  the  soberer,  more  scientific 
students  of  nature,  and  retarded  real  progress  in  the 
knowledge  of  the  electric  phenomena  of  the  muscular 
and  nervous  system  for  fully  a  generation.  At  length 
in  the  school  of  Johannes  Miiller  the  subject  was  again 
approached  and  was  put  on  a  firm  scientific  basis  by 
Helmholtz,  and  notably  by  Du  Bois  -  Eeymond.  It 
is  now  known  that,  as  in  inorganic,  so  also  in  organic 
f  systems,  the  energy  proper  to  them  can  appear  under 
i  the  different  forms  of  mechanical,  thermal,  electric  or 
chemical  energy,  but  also  that  in  none  of  these  can  be 
found  pre-eminently  the  principle  of  life,  still  less  that 
of  consciousness. 

Another  important  line  of  research  which  has  had 
an  equally  fluctuating  development,  being  sometimes 
enormously  exaggerated,  to  the   damage  of  sound  pro- 


gress, sometimes  repudiated  and  treated  with  whole- 
sale contempt,  was  that  started  by  Gall,  who  from  the 
year  1805  onward,  and  latterly  in  conjunction  with 
Spurzheim,^  started  on  an  anatomical  description  of  the 
brain   as   the   centre  of   nervous   and   conscious   mental 


^  The  two  most  prominent 
teachers  of  phrenology  were  Franz 
Joseph  Gall  (1758-1828)  of  Pforz- 
heim, and  Joh.  Christ.  Spurzheim 
(1776-1834)  of  Trier,  the  former 
an  excellent  doctor,  the  latter  a 
skilled  anatomist.  Their  influence 
was  centred  in  Vienna  and  Paris. 
In  England  and  America  phren- 
ology dates  its  popularity  from 
George  Combe  (1788-1858).  The 
term  phrenology  was  suggested  by 
George  Forster  about  1815,  ten 
years  after  Gall  had  started  his 
'  Schiidellehre '  or  '  Craniology.' 
Of  eminent  medical  authorities, 
the  great  Broussais  in  France  (1772- 
1838)  and  C.  G.  Carus  (1789-1869) 
in  Germany  were  both  phren- 
ologists, the  latter  attempting  to 
give  the  doctrine  a  more  scientific 
foundation.  Though  phrenology 
was  never  popular  in  France,  where 
the  Academy  of  Sciences  from  the 
beginning  assumed  a  very  sceptical 
attitude  (see  above,  vol,  i.  p.  136 
note),  the  opponents  of  Gall  have 
always  given  him  full  credit  for 
his  ability,  and  for  the  great  im- 
pulse he  gave  to  anatomical  science 
of  the  brain.  Flourens,  one  of  the 
most  formidable  critics  of  the  doc- 
trine of  the  special  faculties,  and 
consequently  of  the  separate  phren- 
ological organs  and  their  location, 
nevertheless  says:  *'Gall  fut  un 
observateur  profond,  qui  nous  a 
ouvert,  avec  genie,  I'etude  de 
I'anatomie  et  de  la  physiologie  du 
cerveau.  .  .  .  Je  noublierai  jamais 
I'impression  que  j'^prouvai  la 
premiere  fois  que  je  vis  Gall  disse- 
quer  un  cerveau  ;  il  me  semblait 
que  je  n'avais  pas  encore  vu  cet  or- 


gane  "  (quot.  by  Langlois,  '  Grande 
Encyclop.,' vol.  xxvi.  p.  801).  Some- 
what earlier  than  phrenology  the 
science  or  art  of  physiognomies, 
which  was  known  already  and 
practised  by  the  ancients,  had  a 
representative  in  Caspar  Lavater 
of  Zurich,  who,  from  1772  onward, 
published  his  '  Physiognomische 
Fragmente,'  a  work  which,  accom- 
panied by  engravings  by  Chodo- 
wiecki,  created  a  great  sensation 
in  philosophical,  literary,  and  artis- 
tic circles,  the  whole  of  Europe 
being  divided  into  followers  and 
critics  of  Lavater.  Among  the 
latter  was  the  celebrated  Lich- 
tenberg  of  Gottingen.  Among 
scientific  men  were  Camper  in 
Holland,  and  later  Charles  Bell  in 
England  ;  the  former  putting  for- 
ward the  well  -  known  theory  of 
the  "facial  angle"  as  an  external 
measure  of  intelligence,  the  latter 
publishing  his  '  Essay  on  the  Ana- 
tomy of  Expression  '  (1806).  In 
more  recent  times  no  less  an 
authority  than  Charles  Darwin 
took  up  the  subject  in  his  work 
on  the  *  Expression  of  Emotions ' 
(1872).  Shortly  before  Ph.  Piderit 
published  his  '  Wissenschaf tliches 
System  der  Mimik  und  Physiog- 
nomik'  (1867) ;  Duchesne  (1862)  his 
'  M^canisme  de  la  physionomie  hu- 
maine ' ;  and  more  recently  the  Ital- 
ian Mantegazza  his  *  Physionomie 
et  I'expression  des  sentiments' 
(French  transl.,  1885).  A  very 
readable  essay  on  the  subject  will 
be  found  among  Prof.  Wundt's 
'Essays'  (1885).  See  also  his 
'  Physiol ogische  Psychologic '  (vol. 
ii.  p.  598,  &c.,4thed.) 
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action.  The  scholastic  notion  of  the  older  psychol- 
oo-ists  which  divided  the  mental  life  into  different  powers 
or  faculties  as  the  body  was  dissected  into  parts  and 
oreans,  lent  itself  to  the  idea  of  a  localisation  of  these 
faculties  or  powers  in  different  spheres  of  the  brain, 
which  Gall  by  a  hasty  generalisation  maintained  to  be 
distinsjuishable  on  the  external  surface  of  the  skull. 
Though  these  popular  and  practical  applications,  which 
form  the  basis  of  phrenology,  were  speedily  and  easily 
refuted,  having  always  been  regarded  with  suspicion  by 
the  medical  profession,  the  anatomical  labours  of  Gall 
were  taken  up  and  continued  by  others.  Opinions 
fluctuated  between  the  different  views  of  Flourens,  who 
insisted  upon  the  unity  of  the  central  organ,  as  did 
Herbart  in  psychology  on  the  unity  of  the  mind;  of 
G.  H.  Lewes,  who  assigns  to  the  spinal  cord  together 
with  the  brain  an  important  and  initiatory  role  in 
conscious  life:  and  of  Hermann  Munk  and  Friedrich 
Goltz,  who  by  carefully  devised  experiments  on  living 
animals,  by  electrical  irritation,  and  by  systematic  re- 
moval of  parts  of  the  brain,  have  to  some  extent  suc- 
ceeded in  delimiting  the  special  "  spheres  in  which  the 
various  sensory  nerves  deliver  their  messages,  and  where 
the  latter  are  transformed  into  conceptions  and  mentally 
stored."^  Paul  Broca  had  already,  about  forty  years 
ago,  succeeded  in  localising  the  powers  of  speech. 


^  Du  Bois-Reymond,  'Reden,'  vol. 
ii.  p.  558  :  "  Though  there  is,  in  prin- 
ciple, no  hope  that  the  causal 
connection  between  material  pro- 
ces^ses  in  the  brain  and  consciousness 
■will  ever  become  clear  to  us,  this 
does  not  hinder  our  penetrating 
deeply  into  a  knowledge  of  those 


processes,  or  prevent  such  know- 
ledge being  of  the  greatest  import- 
ance and  of  fascinating  interest.  As 
a  first  step  in  this  direction  there 
presents  itself  naturally  to  our 
understanding  the,  localisation  of 
the  different  faculties  into  which 
we    naturally    and    systematically 
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Whilst  animal  electricity  and  the  examination  of  the 
brain  were  taken  up  with  ardour,  over- valued  by  popular- 
isers,  and  developed  into  fanciful  theories  which  postponed 
for  a  long  time  the  sober  inquiries  of  science,  another  very 
fruitful  vein  of  reasoning  and  research  was  struck  early 
in  the  century,  but  left  unexplored  for  fifty  years.  Since 
then  it  has  been  followed  with  success  and  profit. 


divide  mental  activity.  Out  of 
the  desire  for  such  localisation 
there  sprang  up  the  fundamental 
idea  of  the  phrenological  follies ; 
but,  as  so  often,  here  also  scien- 
tific superstition  contained  a  kernel 
of  truth.  In  the  same  cortex 
of  the  brain  in  which  Gall  and 
Spurzheim  located  their  badly- 
chosen  thirty- five  mental  faculties, 
Munk  now  describes  the  spheres  in 
which  the  various  sensorv  nerves 
deliver  their  messages,  and  where 
the  latter  are  transformed  into  con- 
ceptions and  stored.  Thus,  for  the 
first  time  in  the  domain  of  sensa- 
tion and  intellection,  a  local  basis 
of  mental  activity  has  been  demon- 
strated, as  had  been  done  before 
by  Paul  Broca  in  the  domain  of 
volition,  in  the  localisation  of  the 
faculty  of  speech."  Most  modern 
psycho-physicists  would  probably 
accept  this  statement  with  slight 
modifications  ;  it  is  therefore  well 
to  note  that  one  of  the  foremost 
and  most  original  workers  in  this 
field  of  research,  Prof.  Fr.  Goltz, 
takes  a  different  view  of  the  result 
of  the  experiments  of  himself  and 
others.  He  does  not  consider 
Munk's  teachings  as  the  foundation 
of  a  physiology  of  the  brain,  but 
looks  upon  them  as  a  system  of 
error,  and  * '  hopes  to  see  the  day 
when  all  the  beautifully  elaborated 
modern  hypotheses  of  circumscribed 
centres  of  the  cortex  will  be  laid  in 
the  same  grave  in  which  Gall's 
phrenology    rests"    (quoted    from 


Goltz' 8  memoirs,  'Uber  die  Verrich- 
tungen  des  Grosshirns, '  in  Pfliiger's 
Archiv,  by  Carl  Hauptmann,  '  Die 
Metaphysik  in  der  modernen  Bio- 
logic'  (1804),  p.  240).     Prof.   Fer- 
rier,     whose     '  Functions     of     the 
Brain'    (2nd    ed.)    is    a    standard 
work  in  the  English  language,  takes 
up  a  less  negative  position  ;  yet  he 
says  (p.  23)  :   "We  are  still  on  the 
threshold   of   the   inquiry,    and   it 
may   be    questioned   whether    the 
time  has  even  yet  arrived  for  an 
attempt  to  explain  the  mechanism 
of  the  brain  and  its  functions.     To 
thoughtful    minds    the   time    may 
seem   as  far  off   as   ever."      Prof. 
William  James  of  Harvard,  in  his 
excellent  '  Principles  of  Psychology' 
(2  vols.,   1891),  gives,  in  his  first 
chapter,  a  succinct  account  of  the 
"  localisation-question,"    which,   he 
thinks,  "stands  firm  in  its  main  out- 
line" (vol.  i.  p.  162).    The  standard 
work  in    the  German   language   is 
Prof.      Wundt's      '  Physiologische 
Psychologic'    (2    vols.,     4th     ed., 
1893),  which  gives  in  the  first  divi- 
sion (chaps.  4,  5)  a  very  exhaustive 
account   of   the   experimental   and 
theoretical    work    on    localisation. 
Prof.  Wundt   himself   takes    up   a 
position  lying  between  the  doctrine 
of  sharp  delimitation  and  that  of  a 
denial  of  local  distinctions  (vol.  i.  p. 
159),   but   admits   that   the  whole 
question    is    still     highly     contro- 
versial, though  latterly  the  appar- 
ent differences  of  opinion  have  been 
much  toned  down  (vol.  i.  p.  240). 
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Dt  Young's 
colour 
theory. 


The  beginnings  of  this  line  of  reasoning  are  to  be 
found  in  the  writings  of  Thomas  Young,  who  here,  as 
in  several  other  directions,  "  marched  far  in  advance  of 
his  age."  ^  During  the  last  decade  of  the  eighteenth 
century  Young  had  been  occupied  with  the  study  of 
the  phenomena  of  Light  and  Colours ;  and,  being  a 
student  of  medicine,  he  had  given  equal  attention  to 
the  physical  phenomena  and  the  physiological  sensations 
of  Light,  going  back  to  the  beginnings  laid  in  Newton's 
writings  on  these  two  important  branches  of  Optics.^ 
I  have  treated  of  his  epoch  -  making  discoveries  in 
physical  optics  in  an  earlier  chapter.  As  to  the  physi- 
ological problem  of  colour  sensations,  he  likewise  reviewed 
Newton's  work,  and  especially  took  up  the  remarkable 
fact  noted  by  Newton,  that  it  appears  possible  to  refer 
the  great  variety  of  colour  sensations  to  three  primary 
elements,  out  of  which  the  whole  wealth  of  the  colour 
scale — varying  in  intensity,  tint,  and  saturation — can 
be  made  up.      In  two  distinct  points  he  made  a  definite 


^  Note,  in  many  passages  of 
Helmholtz's  'Physiologische  Optik' 
(2nd  ed.,  Braunschweig,  1896),  and 
his  often  -  quoted  '  Vortriige  und 
Reden,'  the  high  esteem  in  which 
he  held  the  work  of  Young. 

2  A  very  succinct  and  exhaust- 
ive account  of  how  Young  arrived 
at  his  colour  theory  is  given  in 
a  paper  by  A.  M.  Mayer,  of  New 
Jersey,  in  the  '  Phil.  Magazine '  for 
1876  (5th  series,  vol.  i.  p.  111). 
Young  first  selected  red,  yellow,  and 
blue  as  the  three  simple  colour- 
sensations,  but  later  modified  his 
view  in  consequence  of  the  experi- 
ments of  WoUaston  between  the 
years  1802  and  1807.  How  little 
Young's  theory  was  thought  of  may 
be  seen  from  the  words  of  Helm- 


holtz,  quoted  by  Mayer  (p.  114): 
**The  theory  of  colour,  with  all 
these  marvellous  and  complicated 
relations,  was  a  riddle  which 
Goethe  in  vain  attempted  to  solve  ; 
nor  were  we  physicists  and  physiol- 
ogists more  successful.  I  include 
myself  in  the  number;  for  I  long 
toiled  at  the  task  without  getting 
any  nearer  my  object,  until  at  last 
I  found  that  a  wonderfully  simple 
solution  had  been  discovered  at  the 
beginning  of  this  century,  and  had 
been  in  print  ever  since  for  any  one 
to  read  who  chose.  This  solution 
was  found  out  and  published  by 
the  same  Thomas  Young  who  first 
showed  the  right  method  of  arriving 
at  the  interpretation  of  Egyptian 
hieroglyphics." 
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advance  upon  Newton.  For  the  three  primary  colours 
of  the  older  opticians  he  substituted  red,  green,  and 
violet;  and  for  the  remarkable  fact  that  the  simple 
colours  of  the  rainbow  can  be  compounded  out  of  these 
three,  he  suggested  a  physiological  reason — viz.,  that  the 
eye  possesses  three  distinct  colour-sensations  or  three 
distinct  senses  in  relation  to  light,  dependent  upon  some 
peculiarity  of  nervous  structure  or  function.  Younc^ 
did  not  elaborate  his  ideas,  but  it  is  clear  that  in  the 
short  passages  in  his  '  Lectures  on  Natural  Philosophy ' 
and  earlier  papers,  there  were  contained  a  variety  of 
definite  problems  and  hints  which  were  destined  to 
lead  research  for  a  long  time  after. 

The  next  great  step  in  advance,  which  has  revolu- 
tionised and  permanently  fixed  our  ideas  on  the  action 
of  the  nervous  system,  was  taken  about  the  year  1810 
by  Charles  Bell,  who  discovered  the  anatomical  difference 
between  the  anterior  and  posterior  roots  of  the  nerves 
of  the  spine,  and  also  went  a  long  way  towards  show- 
ing their  different  functions.  The  point  as  regards 
functions  was  established  by  means  of  experiments  on 
living  animals  by  Magendie,  and  independently  by 
Johannes  Mtiller.^  Upon  the  combined  labours  of  these 
three  masters  of  anatomy  and  experimental  physiology 
is  based  the  distinction  between  sensory  and  motor 
nerves — namely,  that  the  anterior  nerves  of  the  spine 
are  employed  to  carry  the  nervous  stimulus  outward 
to  the  different  organs  (efferent  or  motor  nerves),  the 
posterior  and  better  protected  nerves  serving  to  carry 


1-2. 
Charles  Bell. 


^  On  the  respective  meril;s  of 
Charles  Bell,  Magendie,  and  Jo- 
hannes Miiller,  see  the  writings  of 

VOL.  II. 


Claude  Bernard  and  Du  Bois-Rey- 
mond,  referred  to  supra,  p.  384  of 
this  volume. 

2  H 


482 


SCIENTIFIC   THOUGHT. 


ON   THE   PSYCHO-PHYSICAL   VIEW    OF   NATUKE.       483 


13. 

Muller's 
"  specific 
energies." 


the    peripheral    stimuli    of    the    senses    inward    to    the 
nervous  centres  (sensory  or  afferent  nerves). 

About  the  same  time  Johannes  Muller,  under  the 
influence  of  Goethe's  observations  on  the  subjective 
colour-sensations  and  of  Kant's  doctrine  of  the  innate 
forms  of  perception/  introduced  another  important  dis- 
tinction into  the  theory  of  the  action  of  the  sensory 
nervous  apparatus.  This  doctrine  is  known  by  the 
name  of  the  "  specific  energies."  It  has  for  a  long  time 
governed  all  physiological  reasoning  on  the  subject  of 
our  sense  perceptions.  In  the  words  of  Helmholtz,  who 
more  than  any  other  has  lent  the  great  weight  of  his 
authority  to  an  elucidation  of  this  theory,  "  physiological 
experience  has  found  that  by  the  stimulus  of  any  single 
sensible  nerve -fibre,  only  such  sensations  can   be  pro- 


1  The  doctrine  of  the   "specific 
energies  "  of  the  sensory  nerves,  one 
of  Joh.  Muller's  earliest  speculations, 
which  has  governed  a  large  section 
of     psycho  -  physical    research,    at 
least  in  Germany,  has  grown  out  of 
the  philosophical  discussions  in  the 
'  Kritik  der  reinen  Veruunft,'  and 
the  aesthetic  treatment  in  Goethe's 
'Farbeulehre,'  both  of  which  deal 
with  the  subjective  element  in  our 
sense- perceptions.     In  this  regard 
the  reform  of  physiology  in  Germany 
contrasts  with  the  contemporaneous 
reform    by   Magendie    in    France, 
whose     extreme     experimentalism 
Miiller  even  ridiculed.     See  on  the 
historical  origin  of  Muller's  psycho- 
physics,  Du  Bois-Reymond's  excel- 
lent "Eloge  of  Muller"  ('Reden,'  vol. 
ii.p.l59),alsoHelmholtz'slectureon 
**  Goethe's    Naturwissenschaftliche 
Arbeiten"  ('Vortriige  und  Reden,' 
vol.  i.  No.  1,  1853),  and  his  address 
before  the  Goethe  Society  in  1892. 
Helmholtz  finds   the   cause   which 


misled  Goethe  in  his  optical  experi- 
ments to  be  the  same  which  misled 
Brewster — viz. ,  the  difficulty  of  ob- 
taining   really   pure    homogeneous 
light  of  any  special  tint.    He  worked 
with  impure  light  and  dull  media. 
Helmholtz  experienced  great  diffi- 
culties   in    obtaining     the     neces- 
sary  purity   in   his    own    labours. 
Goethe,  however,  was  not  alone  in 
studying  with  predilection  the  sub- 
jective colour-sensations.     Du  Bois- 
Reymond   mentions    Erasmus   and 
Robert  W.  Darwin  in  England,  and 
Purkinje  in  Germany,  as  working 
in  the  same  field  {loc.  city  p.  160). 
Muller's  work  is  contained  princip- 
ally in  the  treatise,  'Zur  vergleich- 
enden     Physiologic     des     Gesicht- 
sinnes  des  Meuschen  und  der  Thiere 
nebst    einem    Versuche    iiber    die 
Bewegungen  der  Augen   und  iiber 
den  menschlichen  Blick  '  (1826),  and 
in  his  larger  work  on  Physiology. 
See  also  on  Goethe's  merits  Helm- 
holtz, 'Physiologische  Optik,'  p.  249. 


duced  as  belong  to  the  qualitative — or  order — region  of 
one  definite  sense,  and  that  every  stimulus  which  can  at 
all  affect  this  nerve  fibre  produces  only  sensations  be- 
longing to  this  definite  order."  ^  This  means  that,  for 
instance,  any  effective  stimulus  of  the  optic  nerve 
apparatus  produces  only  and  always  the  sensation  of 
light,  whereas  the  same  stimulus  would  in  the  auditory 
nerve  apparatus,  if  effective,  produce  the  sensation  of 
sound.  "  The  same  vibrations  of  the  ether  which  the 
eye  perceives  as  light,  the  nerves  of  the  skin  perceive  as 
heat.  The  same  vibrations  of  air  which  the  latter  per- 
ceive as  a  tremor,  the  ear  perceives  as  a  musical  sound."  - 
The  quality  of  our  sensations  does  not  depend  on  the 
stimulus  but  on  the  nervous  apparatus. 

Helmholtz  has  said^  that  the  law  of  the  specific 
energies  forms  the  most  important  advance  which  the 
physiology  of  the  senses  has  made  in  recent  times,  and 
has  even  compared  it  with  the  discovery  of  the  law  of 
gravitation.*     As  we  shall  see  immediately,  he  has  hini- 


■^  See  Helmholtz,  '  Haudbuch  der 
Physiologischen  Optik,'  2te  Aufl., 
1896,  p.  233. 

'^  Helmholtz,  '  VortrSge  und  Re- 
den,' vol.  ii.  p.  224  ;  also  '  Physiolo- 
gische Optik,'  p.  249  :  "  Miiller's  law 
of  the  specific  energies  marks  an 
advance  of  the  greatest  importance, 
for  the  entire  doctrine  of  the  sense- 
perceptions  has  since  become  the 
scientific  foundation  of  this  doctrine, 
and  is,  in  a  certain  sense,  the  em- 
pirical exposition  of  the  theoretical 
discussion  of  Kant  on  the  nature 
of  the  intellectual  process  of  the 
human  mind."     Cf.  also  p.  584. 

^  *  Vortriige  und  Reden, '  vol.  i.  p. 
378  ;  vol.  ii.  p.  181. 

^  This  excessive  appreciation  of 
Muller's  theory   is,  however,  very 


much  limited  to  Germany,  and  there 
also  almost  entirely  to  what  may 
be  called  Miiller's  school,  in  which 
Helmholtz  is  the  central  figure.  In 
England  the  doctrine  was  subjected 
to  a  full  criticism  by  George  Henry 
Lewes,  an  important  thinker,  whose 
writings  con  tain  many  original  views, 
which  have  in  some  instances  since 
been  independently  put  forward  by 
other  authorities.  See  his  '  Physi- 
ology of  Common  Life'  (1860,.  chap. 
8) ;  '  Problems  of  Life  and  Mind  ' 
(vol.  i.  p.  135,  1874) ;  '  Revue  Philo- 
sophique'  (Paris,  1876,  No.  2); 
*  The  Physical  Basis  of  Mind '  (1877, 
p.  184).  Without  knowing  of  Lewes's 
criticisms,  Prof.  Wundt  was  led  to 
a  criticism  of  the  doctrine  from 
the   physiological  side  in  the   first 
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self  made  a  very  important  application  of  it,  by  bringing 
it    into    connection    with   Young's   colour   theory.     But 
before  I  refer  to  this,  it  will  be  well  to  note  the  different 
lines  of  research  which   were  opened   out  by   Miiller's 
formula,  and  liow  they  have  led  in  many  ways  to  very 
fruitful  expansion  of  natural  knowledge.     In  this  respect 
it  is  indeed  permissible  to  compare  Miiller's  formula  with 
that  of  gravitation,   which,  as  we  saw   above,   through 
the  different  ideas  which  it  introduced,  helped  to  guide 
research  for   fully  a    century.     Miiller   in  the  original 
statement  of  his  views  had  made  use  of  the  term  "  specific 
energy,"  and  had  applied  this  term  to   the  process  or 
sense   of   sight:    he   spoke   of   the  seeing  substance  or 
apparatus  of  sight.     Now  this  apparatus  is  a  complicated 
one,  consisting  mainly  of  three  parts— the  external  or 


edition  of  his  great  work  on  Physi- 
ological Psychology  in  1872.     See 
the  note  on  p.  332,  vol.  i.,  of  the 
4th  German  edition  (1893).    Wundt 
says  (p.    331)  :   "  Historically,    the 
doctrine  .  .   .  is  to  be  traced  to  the 
fact  that  the  philosophical  founda- 
tion of  modern  science,  and  especi- 
ally of  the  science  of  sensation,  rests 
on    Kant.     In   fact,    that  doctrine 
is  nothing  else  than  a  physiological 
reflexion  of  Kant's  attempt  to  find 
the  conditions  of  knowledge  which 
are   given    a  priori,  or,    what  was 
mostly  considered  to  be  the  same, 
subjectively.     This  is  very  evident 
in    the  case  of   a  foremost  repre- 
sentative  of   that   doctrine  —  viz., 
Johannes  Miiller. "    In  opposition  to 
Miiller  and  his  school,   Lewes  and 
Wundt  put  forward  a  view  which 
has  been   termed   the   doctrine  of 
indifference  of  the  function  of  the 
nervous  elements.     The  difference 
between  the  two  views  is  very  clearly 
stated  in  an  excellent  paper  by  E. 


Montgomery  in  the  fifth  volume  of 
'Mind'  (1880):  " According  to  the 
doctrine  of  functional  indifference, 
the  various  quahties— i.e.,  our  well- 
known  sensations— are  merely  due 
to   differences   in   the    stimulating 
rhythm,  to  differences,  therefore,  of 
motion  communicated  from  outside 
to  the   chemically  uniform  nerve- 
substance,  and  the  whole  complex 
make-up  -of   our   consciousness   is, 
consequently,     thought    to    result 
from   the   coexistence    and   subse- 
quent  combination    of   such  stim- 
ulated motions.     According  to  the 
doctrine   of   specific   energies,    the 
varieties  of  sensation  are  due  to  pre- 
existing   differences    in    the    sub- 
stratum in  which  they  respectively 
arise,  and  all  their  manifold  combin- 
ations to  higher   products  are  be- 
lieved to  be  realised  in  materially 
higher  — i.e,    specifically    pre  -  en- 
dowed—ranges    of    nervous    sub- 
stratum" (p.  4). 


^ 
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terminal  organ,  the  connecting  fibre  or  nerve,  and  the 
central  or  percipient   organ  situated   somewhere  in  the 
brain.     How  are  these  different  parts  of  the  combined 
apparatus  anatomically  constituted,  and  what  are  their 
respective  physiological  functions — in  particular,  where 
does  the  specific  energy  reside?     The  answer  to  these 
questions  as  regards  not  only  the  process  of  seeing,  but 
likewise  that  going  on  in  other  sense  organs,  involved 
an  enormous  amount  of  detailed  anatomical  and  physio- 
logical, analysing  and  experimenting  work.     With  this 
work   many   great   names  are   connected  —  first   of   all, 
Helmholtz,  who  in  his  two  great  treatises  on  '  Physio-  ^^^^^^^^ 
logical  Optics  '  and  '  Physiological  Acoustics,'  ^  has  laid 
the    foundation    of    those   two   psycho-physical   sciences 
which  bring  us  nearest  to  an  understanding  of  the  inter- 
action of  mind  and  body.     Like  Young  before  him,  for 
whom  he  expresses  the  greatest  admiration,  Helmholtz 
had  approached   the  study  of   nature  from  the  side  of 
medicine:  from  this  he  was,  by  the  peculiarity  of  his 
genius,  driven   to  mathematico-physical   studies   on  the 
one   side,  to   psychological   on    the   other.       The   exact 
methods  of  the  mathematical,  the  experimental  methods 
of  the  medical  sciences;    the  mental  analysis  of  Kant 
and   Fichte,   as   well   as   the    logical   methods   of   J.   S. 
Mill,  were  equally  familiar  to  him.      Inventions  of  his 
own,   like    that    of    the   eye-mirror,   or   of    others,   like 


^  '  Die  Lehre  von  den  Tonemp- 
finduugen  ;  Physiologische  Grund- 
lage  fiir  die  Theorie  der  Musik,' 
1st  ed,,  1863.  '  Handbuch  der 
physiologischen  Optik,'  1867,  2nd 
ed.,  much  enlarged.  A  succinct 
and  very   lucid   exposition  of  the 


principal  contents  of  those  two 
great  treatises,  by  an  authority  in 
the  same  domain  of  science,  will  be 
found  in  chaps,  x.  to  xii.  of  Prof. 
J.  G.  M'Kendrick's  volume  in  the 
"  Masters  of  Medicine "  Series  on 
H.  von  Helmholtz,  1899. 
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the  stereoscope  of  Wheatstone ;  pathological  cases,  like 
those    of    colour-blindness;    a   host    of   ingeniously   de- 
vised experiments,  as  well  as  the  gift  of  an  exception- 
ally   musical    ear,— all  these    factors,  and    innumerable 
others,    contributed    to    the    production    of    these    two 
monumental  works,  which  form  an  epoch  in  the  history 
of    science    as   well   as   of    philosophy   and    psychology. 
They  form  the  first  magnificent  examples  of  the  com- 
prehensive application  of   exact  methods  to  phenomena 
which  had  before  been  treated  only  fragmentarily,  and 
where    the    influences    of    taste,  fancy,  and    belief,  the 
vagueness  of  metaphysics  and  the  difficulties  of  nomen- 
clature, had  created  a  confusion  which   to  many  must 
have   appeared   hopeless.       This   confusion  of   language 
and  of  terms,  of   objective  observations  and   subjective 
fancies,  of  the  data  of  experience  and  the  prejudices  of 
theory,  Helmholtz  has  done  more  than  any  other  thinker 

to  unravel. 

In  his  two  great  treatises  on  the  psycho-physics  of  the 
Eye  and  the  Ear,  of  Vision  and  of  Music,  he  has  drawn 
two  elaborate  and  detailed  charts,  which  for  a  long  time 
to  come  will  have  to  be  consulted  by  those  who,  in  the 
interests  of  physics,  philosophy,  or  aisthetics,  enter  into 
these  mysterious  domains.     Many  celebrated  theories  or 
definite  aspects  and  lines  of  reasoning  invented  by  others, 
his    forerunners    or    contemporaries,  were   adopted,  but 
mostly  with  important  modifications.     It  may  be  of  use 
to  enumerate  briefly  the  principal  ones,  beginning  with 
tlie  most  mathematical  and  exact  and  ending  with  the 
more  general  and  metaphysical.     In  the  beginning  of  the 
century  Fourier  had  shown  how  any  forces  of  motion  in 
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two  dimensions — however  complicated  or  irregular  that 
motion  might   appear  to   be — could   be  mathematically 
represented  or  calculated  by  the  superposition  or  addition 
of  a  larger  or  smaller  number  of  simple  periodic  motions ; 
as  it  were  analysed  and  dissected  into  these  simple  move- 
ments, just  as  any  number  can  be  looked  upon  as  made 
up  by  the  addition  of   others — say  of  prime  numbers. 
Now,  it  was  also  known  that  sounds  were  produced  by 
wave-like  tremors  of  the  air  set  going  by  the  vibrations 
of  strings  or  other  sounding  musical  instruments  ;  further, 
that  definite  musical  notes  were  absorbed  or  transmitted 
by  neighbouring  sounding  bodies  according  as  these  were 
in  or  out  of  tune  with  the  vibrating  source  of  sound. 
This  is  the  well-known  phenomenon  of  resonance.     Ohm^ 
had  applied  Fourier's  mathematical   analysis  to  the  ex- 
planation of  the  partial  notes,  the  ground  tone  and  the 
harmonic  overtones  (or  upper   partial  tones),  of  which 
musical  ^  sounds  are  made  up.     Helmholtz  invented  a 


^  Geo.  S.  Ohm,  the  same  to 
whom  we  are  indebted  for  the 
well-known  law  which  obtains  in 
electric  currents,  published  in  1843 
a  paper  in  Poggendorf 's  '  Annalen  ' 
(reprinted  in  'Gesammelte  Ab- 
handlungen,'  1892,  p.  575),  "On 
the  definition  of  a  tone  and  the 
theory  of  the  siren,"  in  which  he 
applied  the  mathematical  methods 
introduced  by  Fourier  in  his  '  The- 
orie  analytique  de  la  Chaleur ' 
(1822)  ;  as  he  had  already  done  in 
his  earlier  work  on  the  galvanic 
current  (1827).  In  fact,  Ohm  was 
one  of  the  first  to  recognise  the 
value  of  Fourier's  conceptions  in 
contradistinction  from  Laplace's, 
which  were  bound  up  with  certain 
hypothetical  notions  as  to  the 
molecular  constitution    of  bodies. 


See  the  introduction  to  his  treatise 
on  the  galvanic  current  ('  Ges. 
Werke,'  p.  63). 

-  Cagniard  de  la  Tour  had  in- 
vented (1819)  and  Seebeck  the 
younger  had  improved  (1841)  the 
first  mechanical  counter  for  the 
frequencies  of  musical  sounds,  the 
siren ;  and  the  latter  as  well  as 
Duhamel  had  studied  the  com- 
position of  such  sounds  out  of  their 
elements  or  simple  notes.  A  sug- 
gestion had  been  thrown  out  as  to 
the  part  played  by  the  upper 
partial  tones  which  accompanied 
the  ground  tone.  Helmholtz  treats 
first  of  this  subject  in  a  lecture 
(1857),  reprinted  in  '  Vortrage  und 
Reden,'  vol.  i.  p.  79,  dealing  with 
"  the  psychological  causes  of  musi- 
cal harmony. " 
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15. 

"Timbre' 
defined. 


series  of  simple  but  ingenious  apparatus  by  which  these 
partial  notes  could  be  analysed,  isolated,  and  made  speci- 
ally audible,  or  by  which  the  ground  tone  could  be 
purified,  and  thus  led  up  to  his  conception  of  the  human 
ear — the  different  parts  of  which  he  analysed  anatomic- 
ally and  acoustically — as  a  most  delicate  resonator  which 
separately  absorbed  the  different  elementary  periodic 
movements  that  constitute  musical  sounds,  the  different 
nerve-fibres  carrying  them  separately  to  the  central 
organ  of  perception.^  On  the  bases  of  these  distinc- 
tions, Helmholtz  succeeded  in  giving  an  accurate  defini- 
tion -  of  that  property  of  musical  notes  termed  "  timbre  " 
by  the  French,  "  Klangfarbe  "  by  the  Germans — that 
peculiar  colouring  or  texture  which  characterises  the 
same  note  ^  if  produced  by  different  instruments.     He 


^  See  '  Die  Lehre  von  den 
Tonempfindungen,'  Ist  ed.,  1863, 
pp.  92,  95,  97.  "The  main  result 
of  our  description  of  the  ear  can 
be  thus  stated,  that  we  have  found 
that  evervwliere  the  ends  of  the 
auditory  nerve  are  connected  with 
special  auxiliary  apparatus,  partly 
elastic,  partly  solid,  which  under 
the  influence  of  external  vibrations 
are  made  to  vibrate  correspond- 
ingly and  then  probably  atl'ect 
and  agitate  the  nerve- substance  " 
(p.  212). 

-  Helmholtz  was  the  first  to  give 
a  positive  definition  of  "timbre." 
As  he  himself  says  (p.  114),  before 
him  it  meant  all  the  peculiarities 
of  a  musical  sound  which  are  not 
defined  by  its  intensity  or  its  posi- 
tion in  the  scale — i.e.,  its  "pitch." 
Of  these  he  eliminates  all  such  as 
are  connected  with  the  beginning, 
rising,  and  dying  away  of  sounds, 
and  deals  only  with  sounds  which 
are  uniformly  maintained  (p.  116). 

•*  The    terminology   of   acoustics 


'  and  of  music  has  been  considerably 
changed,  especially  in  this  country, 
through  scientific  literature,  in 
which  the  work  of  Helmholtz 
forms  a  kind  of  epoch.  Accord- 
ing to  Lord  Rayleigh  { '  Sound, ' 
vol.  i.  §  22,  1st  ed.),  the  word 
"tone"  in  the  English  language 
has  been  adopted  by  Tyndall  to 
denote  a  musical  sound  which 
cannot  be  further  resolved.  The 
word  was  used  before,  but  in  a 
general  sense,  not  limited  only  to 
sounds,  and  where  now  "  tone  "  is 
used  in  works  on  acoustics,  the 
word  "  note "  was  more  usually 
em]:)loyed.  Sir  John  Herschel 
('  Encyclop.  Metrop.,'  article 
"Sound,"  1845)  dees  not  con- 
sistently  use  the  word  "  tone " 
as  an  equivalent  for  the  German 
"Ton,"  but  makes  use  of  "sound  " 
or  "note"  or  "tone"  promiscu- 
ously. Still  more  uncertain  was 
the  terminology  by  which  to  ex- 
press the  quality  of  a  musical 
sound    other    than    loudnef^s    and 
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entered  into  an  analysis  of  the  processes  by  which  vocal 
sounds  and  notes  are  produced,  and  showed  their  im- 
portance in  musical  and  linguistic  theories.  Combined 
with  all  these  deductions  and  applications,  which  started 
from  Fourier's  mathematical  analysis  of  compound  move- 
ments, Helmholtz's  anatomical  dissection  of  the  organ  of 
hearing  leads  him  to  the  conclusion  that  there  "must 
exist  in  the  ear  different  parts  which  are  set  in  vibration 
by  notes  of  different  pitch,  and  which  have  thus  a  sensa- 
tion of  these  notes."  ^  And  here  he  takes  up  a  different 
line  of  reasoning — that  suggested  by  Johannes  Miiller's 
theory  of  the  specific  sense  energies.  In  his  studies 
in  physiological  optics  he  had  already  accepted  Young's 
hypothesis  that  there  exist  in  the  eye  three  distinct 
kinds  of  nerve-fibres,  to  which  belong  distinct  modes 
of  colour-sensation.  Something  analogous  exists  in  the 
ear.2     The    differences    in    notes  —  namely,    pitch    and       u. 

Analogy 

colour  [or  character]— are  reduced  to  differences  of  the  ^^^^'^^^ 
sensitive  nerve-fibres,  and  for  each  nerve-fibre  there  exists  ^''^^^'■ 
only  the  difference  of  the  intensity  of  the  stimulus." 

This  brings  the  action  of  the  sensory  nerves  into  line 
with  that  of  motor  nerves  :  everywhere  the  nerve  itself  is 


pitch,  and,  to  the  present  day, 
the  English  tongue  has  no  equiv- 
alent for  the  French  "timbre"  or 
the  German  "  Klangfarbe."  Everett 
used  the  word  character,  and  so 
does  Lord  Rayleigh.  Dr  Young, 
in  his  "Essay  on  Music"  (1800, 
'  Miscell.  Works,'  vol.  i.  No.  5), 
speaks  of  the  quality  of  sound, 
sometimes  called  its  tone,  register, 
colour,  or  timbre  (p.  118).  In  the 
most  recent  scientific  work  on 
sound  in  the  English  language 
(Poynting   and    Thomson's    'Text- 


Book  of  Physics,'  Sound,  p.  69)  we 
read,  "  It  is  convenient  to  use  the 
term  note  for  an  ordinary  com- 
pound sound  to  which  a  definite 
pitch  may  be  assigned,  and  the 
term  tone  for  each  simple  harmonic 
constituent  which  goes  to  form  it." 
There  is  an  important  note  on  the 
terminology  by  Alex.  T.  Ellis,  the 
learned  translator  of  Helmholtz's 
'Sensations  of  Tone'  (1875,  p.  36). 

1  'Tonempfindungen,'  p.  215. 

2  Ibid.,  pp.  220,  221. 
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indifterent  to  the  stimulus,  which  it  carries  in  or  out  like 
a  telegraph  wire ;  which,  whilst  acting  in  every  case  in 
the  same  way,  may,  according  to  its  terminal  connection,^ 
*'  deliver  messages,  ring  a  bell,  explode  a  mine,  decompose 
water,  create  or  move  magnets,  produce  light,  &c.  The 
same  with  the  nerves.  The  state  of  irritation  is,  so  far 
as  the  isolated  nerve-fibre  is  concerned,  everywhere  the 
same,  but  in  accordance  with  the  nature  of  different 
parts,  be  it  of  the  brain  or  of  the  external  portions 
of  the  body,  it  produces  motion,  secretion,  increase  or 
decrease  of  blood,  of  heat  in  different  organs,  or  lastly, 
sensations  of  light,  sound,"  &c. 

The  physiology  of  hearing  had  its  brilliant  application 
in  a  clearer  understanding  of  the  elements  of  language, 
of  the  formation  of  the  vowel  sounds,  and  in  the  study  of 
the  development  of  music — that  art  which,  more  than 
any  other,  seems  founded  on  definite  rules.^     In  analysing 


^  '  Touempfindungen,'  p.  222. 

-  "  From  the  time  when  Pythag- 
oras is  said  to  have  discovered  the 
arrangement  of  tones  in  an  octave, 
by  observing  that  the  sounds  of  the 
blacksmith's  hammer  in  the  forge 
produce   a   fourth,  a   fifth,  and  an 
octave,  and  was  then  led  to  obtain 
harmonic  proportion    between    the 
strings  of  the  heptachord,  all  who 
investigate  musical  tones  know  that, 
although  these  are  fleeting  sensa- 
tions,  they    depend   physically   on 
numerical  relations  between  various 
kinds  of    movements  ;  but   it    was 
Helmholtz,    more    than    any   other 
philosopher,    who     examined      the 
whole    range    of    the    phenomena, 
physical    as    well   as   physiological, 
and  whose  work  will  for  generations 
remain  an  enduring  monument  to 
his  genius "  (Prof.  M'Kendrick  in 
the     Helmholtz     volume     of     the 


"Masters  of  Medicine"  Series,  p. 
168). 

Since  the  appearance  of  the  last 
edition  of  Helmholtz's  great  work, 
of  which  there  exists  an  excellent 
English  edition  with  valuable  notes, 
many  of   the   points   first   investi- 
gated by  Helmholtz  have  been  taken 
up  by  other  experimentalists  as  well 
as  by  psychologists.     The  invention 
of  the    phonograph    by    Edison  in 
1877  gave  a  great  impetus  to  exact 
research  in  the  problems  of  audi- 
tion, and  various  facts  and  theories 
have  been  advanced  confirming  or 
modifying  the  views   put  forward 
by  Helmholtz.       On  these  see  the 
last    chapter   of    Lord    Rayleigh's 
'Treatise  on  Sound,'  2nded.,  1894. 
On  the  psychological   side  see  the 
2nd    volume    of     Prof.     Wundt's 
'  Physiologische    Psychologie,'    pp. 
47-96. 


these  Helmholtz  is  led  into  sesthetical  and  psychological 
discussions,  clearly  distinguishing  between  such  principles 
as  are  inherent  in  natural,  physical,  and  physiological 
relations,  and  such  others  as  depend  on  the  inventions  of 
genius  and  the  gradual  changes  brought  about  by  exter- 
nal requirements  and  ingrained  by  habit  and  education.i 
The  physiology  of  seeing  had  yet  more  remarkable 
consequences  for  the  history  of  Thought.  We  may  say 
that  through  Helmholtz's  analysis  of  the  formation  of 
our  space  perceptions  by  the  eye  in  connection  with  the 
tactile  and  muscular  senses,  psychology  and  metaphysics 
were  brought  into  immediate  contact  with  physics  and 
physiology.  It  is  here  that  Helmholtz  takes  up  an  Heimhoitz 
entirely  different,  and,  previously,  isolated  line  of  reason-  *°^  ^^"*' 
ing,  which  centres  in  Kant's  theory  of  space  and  time  as 
innate  forms  of  perception — the  so-called  subjectivity  or 
ideality  of  time  and  space.  The  studies  of  this  subject 
had  been  somewhat  prepared  by  the  writings  of  Herbart 
and  Lotze.  The  teachings  of  Kant  have  had  an  influence 
in  the  direction  indicated  through  two  distinct  channels, 
— through  Johannes  Miiller's  Physiology  and  through 
Herbart's    Psychology :  the    latter   seems    to   have   had 


^  See  the  closing  words  of  the 
13th  chapter  of  Helmholtz's  work  : 
"  As  the  fundamental  principle  for 
the  development  of  the  European 
tonal  system,  we  shall  assume  that 
the  whole  mass  of  tones  and  the 
connection  of  harmonics  must  stand 
in  a  close  and  always  distinctly 
perceptible  relationship  to  some 
arbitrarily  selected  tonic,  and  that 
the  mass  of  tone  which  forms  the 
whole  composition  must  be  de- 
veloped from  this  tonic,  and  must 
finally  return  to  it.  The  ancient 
world  developed  this  principle  in 


homophonic  music,  the  modern 
world  in  harmonic  music.  But  it 
is  evident  that  this  is  merely  an 
sesthetical  principle,  not  a  natural 
law.  The  correctness  of  this  prin- 
ciple cannot  be  established  a  priori. 
It  must  be  tested  by  its  results. 
The  origin  of  such  sesthetical  prin- 
ciples should  not  be  ascribed  to  a 
natural  necessity.  They  are  the 
inventions  of  genius,  as  we  pre- 
viously endeavoured  to  illustrate 
by  a  reference  to  the  principles  of 
architectural  style." 
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little  influence  over  the  Berlin  school  of  physiology,  but 
it  has  had  a  considerable  influence  on  several  members  of 
the  Leipzig  school.     In  this  school  Lotze  was  educated. 

Locke  had  taught,  and  his  followers  had  accepted,  the 
doctrine  that  the  so-called  secondary  qualities  of  sensible 
things,  such   as  colour,  sound,  hardness,  &c.,  were  sub- 
jective.    Speculative  physics  had  prepared  this  view  by 
translating  such  properties  into  special  forms  of  aggrega- 
tion or  periodic  motion,  leaving  only  extension  and  re- 
sistance as   the   primary    properties  inherent  in  things. 
Kant   had    gone   a  step   further,   and    maintained   that 
space  and  time  were  likewise  only  subjective  forms  of 
our  perceiving  sense  apparatus.     Two  problems  grew  out 
of   this   view,  which  are    not   clearly   stated   in   Kant's 
writings.     First,  How  does  the  perceiving  mind  arrive 
at  the  elaborate  and  systematic  space  conception  which 
is  peculiar  to  us  human  beings  ? — i.e.,  out  of  what  per- 
ceptive elements,  and  by  what  psychical  processes,  is  it 
gradually  built  up  ?     Secondly — What  is  it  that  locates 
our  sensations  at  definite  places  in  space  ?     There  is  a 
third  question  which  Kant  put  and  answered,  that  re- 
ferring to  the   nature  and   validity   of   the   geometrical 
axioms.     According  to  his  view  the  axioms  of  geometry 
are  innate,  expressive  of  the  inborn  nature  of  our  space 
conceptions ;  in  fact,  the  truths  of  geometry  formed  in 
his  view  the  only  instance  of  knowledge  gained  not  by 
experience  but  a  priori — before  or  outside  of  experience. 
18.  An  entirely  independent  series  of  psycho-physical  in- 

weber?  ^"  vcstigatious  was  started  even  before  Johannes  Miiller, 
by  Ernst  Heinrich  Weber  of  Leipzig,  who,  with  his  two 
brothers,  Wilhelm   and  Eduard,  may   be  considered   as 


the  centre  of  the  Leipzig  school  of  Anatomy,  Physiology, 
and  Physics.^  After  having  been  among  the  first  to 
import  the  exact  methods  of  research  into  physiology, 
and  having  carried  on  a  variety  of  investigations  refer- 
ring to  physiological  optics  and  acoustics,^  he  approached 
the  subjective  phenomena  of  sensation :  recording,  for 
example,  with  what  degree  of  accuracy  different  parts 
of  the  surface  of  the  skin  on  face,  arm,  leg,  &c.,  per- 
ceive the  distance  between  two  points  which  touch  the 
skin  —  say  the  two  points  of  a  pair  of  compasses ; 
recording  also  the  relation  of  the  smallest  increase 
of  any  given  sensation  to  the  corresponding  increase 
of  stimulus.  In  the  latter  series  of  experiments,  he 
arrived  at  what  has  been  termed  ^  Weber's  Psycho- 
physical law.  He  did  not  call  it  so  himself ;  he  simply 
showed  by  experiment  that  in  a  variety  of  cases  the 
stimulus  had  to  increase  in  proportion  to  its  own  initial 
intensity  in  order  to  produce  a  just  perceptible  increase 
of  sensation.     These  experiments  did  not  attract  much  ^  ^i^'., 

^  Fechners 

attention  till  Gustav  Theodor  Fechner  took  them  up,  Pg^iio- 
building  upon  them  his  celebrated  *'  Principles  of  Psycho- 
physics."  Before  referring  more  in  detail  to  these,  I 
must  mention  a  third  line  of  reasoning  which,  as  stated 
above,  had  a  considerable  influence  on  the  Leipzig  school 
of  Psycho  -  physics,    though   probably    it    had    as   little 


^  On  the  laVjours  of  the  brothers 
Weber,  see  the  references  given 
above,  vol.  i.  p.  196,  also  the  present 
volume,  p.  31,  note. 

2  E.  H.  Weber  published  in  1817, 
'  Anatomia  comparata  nervi  sym- 
pathici ; '  in  1820,  '  De  aure  et 
auditu  hominis  et  animalium  ; ' 
from  1827  onward,   '  Annotationes 


anatomica)  et  physiologica?, '  in 
which,  in  1831,  there  appeared  his 
celebrated  treatise  "Tastsinu  und 
Gemeingefiihl."  Joh.  Miiller's"'  Ver- 
gleichende  Anatomic  des  Gesicht- 
sinnes '  appeared  in  1826, 

3  By  Fechner  in  his  "  Elemente 
der  Psychophysik  '  (2  vols.,  Leipzig, 
1860). 


bf 


494 


SCIENTIFIC    THOUGHT. 


influence  on  E.  H.  Weber  as  the  earlier  philosophy  of 
nature,  to  which  it  formed  a  pronounced  opposition. 
20.  Herbart  was  not  an  experimental  philosopher ;  never- 

ntrrr^'  theless  a  place  in  a  history  of  scientific  Thought  belongs 
to  him.  Indeed,  his  philosophy,  like  that  of  Kant,  and, 
in  quite  a  different  way,  of  Schelling,  has  had  a  marked 
influence  on  many  thinkers  and  men  of  science  who  have 
prepared  the  ground  for  an  exact  treatment  of  the  pheno- 
mena of  Life  and  Mind.  Among  exact  psychologists  I 
need  only  name  Volkmann,  Drobisch,  Lotze,  and  in  our 
time  Professor  Wundt  ^  of  Leipzig.  It  is  therefore  of 
interest  to  mark  the  precise  point  where  Herbart's  in- 
fluence comes  in. 

Although  an  exact  school  of  psychology  might  aim  at 
studying  psychical  and  psycho-physical  phenomena  with- 
out reference  to  any  general  theory  of  the  soul  as  the 
supposed    centre    and    substance    of    these    phenomena, 
the   existing  ideas    and    theories  as   to   soul   and    mind 
have  nevertheless  always  played  a  great  part  in  these 
researches,  just  as  it  has  been  found  impossible  to  free 
biological  research  altogether  from  some  theory  of  life. 
Older    psychologists   were   consciously   or   unconsciously 
governed   by  the    conception  of    a   number  of    distinct 
mental    faculties.       Even     Kant's     philosophy    is    still 
embarrassed    by  this  view,  which    reigned    supreme  in 
the  teaching  of  his  predecessor  Wolf.     The  attempt  of 


1  This  is  not  the  place  to  speak 
about  the  Herbartiau  school,  which 
is  almost  entirely  confined  to  Ger- 
many. I  have  referred  to  Prof. 
Wundt  because,  in  spite  of  a  run- 
ning criticism,in  the '  Physiologische 
Psychologic,'   of   Herbart's   special 


doctrines,  the  author  of  that  im- 
portant and  comprehensive  work 
himself  declares  (Preface  to  the  1st 
ed.,  1874)  that  for  the  formation 
of  his  own  views  he  is,  next  to 
Kant,  most  indebted  to  Herbart. 
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Herbart,  therefore,  to  overthrow  the  so-called   faculty-        21. 

His  attack 

psychology,   and   to   insist   on   the   essential   unity   and  ?!\^^^^^ 
simplicity  of   the  inner  life,  must  have   made  a  great  JJ^^»°^" 
impression  on  all  who  came  under  the  influence  of  his 
philosophy.      It    did   this  in    two   ways.^       It   first   of 


1  Besides  Herbart  (1776-1841), 
whose  psychological  writings  date 
from  1813  to  1825,  another  German 
psychologist  is  usually  mentioned  as 
having  helped  to  overthrow  the  older 
faculty -psychology.  Beueke  (1798- 
1854),  a  younger  contemporary  of 
Herbart,  conceived  of  psychology 
as  a  natural  science.  His  principal 
work,  '  Lehrbuch  der  Psychologic 
als  Naturwissenschaft.'  appeared 
in  1833,  and  has  been  several  times 
republished,  the  fourth  edition  ap- 
pearing in  1877.  Beneke  worked 
in  opposition  to  Hegel  at  Berlin, 
his  historical  forerunners  being  the 
German  philosophers,  Jacobi,  Fries, 
and  Schleiermacher,  as  well  as  the 
English  philosophy  of  the  so-called 
Association  -  school.  An  account 
of  his  philosophy  does  not  belong 
to  a  chapter  on  psycho-physics  ex- 
cept in  as  much  as  he  introduced 
into  the  study  of  the  inner  life  not 
indeed  the  facts  and  data  of  physical 
— i.e.,  physiological — science,  but 
the  physical  method.  He  was  the 
purest  representative  of  the  psycho- 
logy of  the  "  inner  sense.''  Whilst 
Herbart  based  his  psychology  alike 
on  experience,  metaphysics,  and 
mathematics,  Beneke  accepted  only 
the  first,  and  discarded  the  latter. 
Standing  thus  outside  the  all- 
powerful  school  of  Hegel  and  the 
increasing  influence  of  Herbart, 
Beneke  had  during  his  lifetime 
only  a  limited  audience,  and  re- 
ceived due  attention  in  a  wider 
circle,  first  and  principally  through 
Ueberweg,  who  was  greatly  im- 
pressed by  him.  In  fact,  his 
influence    was    felt    in     Germany 


about  the  same  time  as  that  of 
the  English  and  Scottish  philo- 
sophers. Ueberweg,  in  his  well- 
known  '  History  of  Philosophy,' 
vol.  ii.  pp.  281-292  (Engl,  transl. 
by  Morris,  1874),  gives  a  full  ac- 
count of  Beneke.  Prof.  Erdmann 
gives  a  very  full  account  also  in 
his  excellent  '  Grundriss  der  Ge- 
schichte  der  Philosophic  '  (3te  Aufl., 
1878,  vol.  ii.  pp.  628-641).  The  fact 
that  Beneke's  method  is  intro- 
spective, brings  him  not  only  into 
contact  with  the  English  school, 
but  also  with  French  thought, 
which  has  always  been  character- 
ised by  subtle  psychological  anal- 
ysis. This  explains  the  fact  that 
M.  Marion  (in  the  '  Grande  Encyclo- 
pedic') calls  Beneke  "un  des  prin- 
cipaux  philosophes  Allemands  du 
siecle," — a  designation  which  would 
hardly  be  echoed  either  in  Germany 
or  in  England.  The  best  account 
of  Beneke's  position  in  the  de- 
velopment of  psychology  extant  in 
the  English  language  is  that  of  Dr 
G.  F.  Stout,  in  his  article 
"  Herbart  compared  with  English 
Psychologists  and  with  Beneke," 
in  the  14th  volume  of  the  1st 
series  of  '  Mind  '  (1889).  M,  Ribot, 
in  his  well-known  book  on  '  Modern 
German  Psychology  '  (Engl,  transl. 
by  Baldwin,  1899),  does  not  say 
much  about  Beneke,  but  his  ac- 
count of  Herbart  and  his  school, 
and  their  position  in  psycho-physi- 
cal thought,  is  concise  and  much 
to  the  point.  Dr  Stout's  articles 
on  Herbart  in  'Mind'  (vols.  13,  14) 
are  also  much  to  be  recommended. 
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all  liberated  them  from  the  trammels  of  an  antiquated 
and  misleading  terminology ;  and  secondly,  it  impressed 
them   with   the   necessity    of   giving  an   answer  to  the 
question  how  the  multiplicity  of  sensations  or  the  flow 
of  ideas  was  held   together  in  the  unity   of    an  inner 
existence.     Thus    it   is   a   characteristic   of   all   psycho- 
physical  writers   who  have   come    under    the  influence 
of  Herbart,  that  however  much  they  may  be  occupied 
with  detailed  description  of  physiological  processes,  with 
the  analvsis  of  sensations  or  the  dissection  of  the  data 
of  experience,  they  never  lose  sight  of  the  underlying 
mental  unity  which  is  the  central  phenomenon  of  psy- 
chology and  of  psycho-physics,  just  as  it  must  be  the 
central  problem  of  biology  to  arrive  at  some  definition 
of  life.     Had  the  investigations  of  psycho -physical  pheno- 
mena  remained   where  Weber  or  even  Helmholtz   left 
them,  we  should  have  brilliant  chapters  on  the  phenomena 
of  touch,  of  seeing,  hearing,  and  other  processes  where 
the  outer  and  inner  worlds  come  into  contact,  but  no 
attempt   to   sum  up   these   brilliant    contributions  in  a 
connected  view  of  the  inner  and  higher  life — the  most 
remarkable  and  unique  phenomenon  in  nature.     It  seems 
meutark  to  me  that,  in  Germany  at  least,  it  is  through  Herbart, 
more   than    through   any  other   thinker,  that   we   have 
been    preserved    from    a    threatening    disintegration    of 
psychological   research.     It    is    the    more    necessary  to 
recognise  this,  as  most  of    those   writers    who  at    one 
time  came  greatly  under  Herbart's  influence  have  found 
it  necessary,  after  having  become  thoroughly  saturated 
with  this  one  great  truth  in  his  philosophy,  to  abandon 
almost  the  whole  of  the  more  detailed  expositions  con- 


tained in  his  works.^  Herbart  was  quite  as  correct 
in  his  ideal  of  what  psychology  should  be,  as  he  was 
unfortunate  in  the  particular  manner  in  which  he 
elaborated  it. 

Psychology  was  to  be  founded  on  experience,  meta- 
physics, and  mathematics.  Kant  had  studied  the  inner 
activity  of  the  mind  as  it  is  compounded  of  sensation, 
perception,  and  apperception  ;  of  understanding,  judgment, 
and  reasoning.  In  opposition  to  this  Herbart  went  back 
to  the  position  taken  up  by  Locke  and  Hume,  looking  at 
the  inner  life  of  a  conscious  mental  being  or  soul,  not  as 
a  complex  of  mental  faculties,  but  as  a  flow  of  ideas  or 
perceptions.  How  is  the  unity  and  simplicity  of  this 
mental  being  preserved  in  the  midst  of  this  continuous 
flow  of  ideas  ?  how  is  it  regained  as  often  as  it  is  in 
danger  of  being  lost  ?  His  investigations  start  at  the 
point  where  the  inquiries  of  the  association  school  of 
psychologists  started  in  England.  ^  Having,  however,  the 
mechanics  and  dynamics  of  physical  forces  more  promin- 


^  Dr  Stout  has  given  an  ac- 
count of  the  Herbartian  school 
in  the  14th  volume  of  '  Mind,'  p. 
353  sqq.  He  confines  himself  to 
Drobisch,  Waitz,  and  Volkmann, 
the  psychologists  proper.  M. 
Ribot  {loc.  cit.)  has  dwelt  more 
on  the  development  of  the  Herbart- 
ian school  in  the  direction  of  an- 
thropology and  ethnology  ;  he 
mentions  specially  Waitz,  as  well 
as  Lazarus  and  Steintlial.  He 
contrasts  their  work  and  their 
positions  with  those  of  the  great 
anthropologists  of  the  English 
school,  such  as  Tylor,  Lubbock, 
and  Herbert  Spencer,  and  notes, 
in  the  German  school,  the  absence 
of  Darwinian  ideas.  It  is  import- 
ant to  observe  that  both  in  the  case 

VOL.  II. 


of  Prof.  Wundt  of  Leipzig  and  of  Mr 
Spencer  in  England — that  is,  in  the 
case  of  the  latest  outcome  of  the 
Kant- Herbartian  philosophy  on  the 
one  side  and  of  the  Association  phil- 
osophy in  England  on  the  other— 
and  in  each  case  under  the  influence 
of  the  exact  and  biological  sciences, 
philosophy  ends  in  elaborate  treat- 
ises on  Anthropology,  which  with 
Spencer  is  conceived  under  the 
name  of  Sociology.  Similarly,  the 
school  of  Hegel  ended  in  elaborate 
historical  treatises.  Hume  turned 
from  abstract  philosophy  to  politi- 
cal economy  and  his  tor  j%  and 
Herder — as  we  shall  see  later  on 
—  anticipated  much  of  all  this 
movement  in  his  History  of 
Mankind. 

2  I 


A. 
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23. 
Mathe- 
matical 
psychology. 


ently  before  his  mind  than  they  had,  he  was  tempted 
to  try  how  far  the  conceptions  of  equilibrium  of  motion 
and  of  the  composition  of  forces  could  be  applied  to  the 
inner  play  of  ideas  which  chase,  oppose,  and    displace 
each  other,  preserving  all  the  time  a  kind  of  dynamical 
equilibrium.  \  His  elaborate  mathematical  calculations  in 
the  first  part  of  his  greater  work  on  psychology  do  not 
specially  refer  to  the  purely  intellectual  process ; '  they 
refer  rather  to  all  inner   processes  which   oppose   each 
other,  which  come  into  conflict,  restraining  each  other  in 
proportion  to  their  contrast,  creating  a  tendency  towards 
reversion  to  former  conditions.      Such  a  play  of  oppos- 
ing forces  is  to  be  found  likewise  in  the  larger  field  of 
human  society ;  this  is  accordingly  quite  as  much  a  case 
for  the  application  of  those  psychical  mechanics  which 
Herbart  aimed  at  establishing. 

In  a  history  of  scientific  Thought,  which  aims  at 
showing  by  what  gradual  steps  the  various  provinces 
of  phenomena  have  been  brought  under  the  methods  of 
exact  treatment,  the  psychology  of  Herbart  has  an  im- 
portant as  well  as  a  unique  and  isolated  position.     It 


1  Herbart    himself    says    of    his 
mathematical  chapter,  that  the  re- 
sults therein  given  "  do  not  follow 
immediately   from    the   conception 
of  a  thinking  being;  but  they  re- 
fer to  the  mutual  arrangements  of 
any  things,  in  so  far   as   they  are 
opposed    and   as   they   collide,    re- 
stricting each  other  in  proportion 
to  their  contrast,  tending  to  revert 
to     the     previous     condition,    the 
unrestricted   portions   being   fused 
into  complex  forces.      The   forces 
which    are    active    in    society   are 
doubtless    originally    psychological 
forces.     They  meet  in  so  far  as  they 


appear  in  language  and  in  actions 
in  a  common  sensual   world.      In 
tlie  latter  they  restrict  each  other  ; 
this  is  the   universal   spectacle   of 
conflicting     interests     and     social 
frictions.     Also  the  fusion  no  doubt 
exists.  ...  We   therefore  assume 
that   among   men    living    together 
the  same  conditions  appear  which 
exist,  according  to  our  view,  among 
the  ideas  in  one  and  the  same  con- 
sciousness.     We   examine   the   re- 
sult   of    their    mutual    restrictive 
action"  ("Psychologie  als  Wissen- 
schaft,"  'Werke,'  ed.  Harteiistein, 
vol.  vi.  p.  31,  &c. 
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led  psychologists  to  consider  more  closely  the  conditions 
under  which  a  mathematical  treatment  is  at  all  possible, 
and  to  recognise  that  exact  and  accurate  measurements 
must  precede  all  application  of  an  abstract  calculus. 
Herbart's  ideal  was  that  of  a  psychical  mechanics ;  he 
opposed  ^  the  idea  of  a  union  of  physiology  and 
psychology.      And   yet   this  was  just   the   direction   in 


1  In  a  very  interesting  note  at 
the  end  of  the  introduction  to  the 
second  part  of  his  larger  work  on 
psychology,  Herbart  explains  his 
position  with  regard  to  physiological 
psychology.  It  refers  to  certain 
extracts  which  he  makes  from 
Rudolph's  '  Grundriss  der  Physiol- 
ogie,'  in  which  that  eminent  physi- 
ologist referred  to  Herbart's  '  Lehr- 
buch  der  Psychologic.'  "It  is  not 
only  a  metaphysical  but  also  a 
logical  error  to  confoupd  psycho- 
logical and  physiological  research. 
Psychological  phenomena  are  not 
in  space,  but  space  itself,  with  all 
that  appears  in  it,  is  a  psycholog- 
ical phenomenon,  and,  indeed,  one 
of  the  first  and  most  difficult  facts 
for  psychology,  which,  in  the  treat- 
ment of  it,  would  behave  very  im- 
properly if  it  began  by  discussing 
the  forces  in  the  nerves  ;  for  the 
question  is  not,,  where  sensations 
come  from,  but  how  sensations 
acquire  the  form  of  space.  Now,  I 
maintain  further,  that  the  dilBfer- 
ence  between  lifeless  and  living 
matter  —  that  is,  between  physics 
and  physiology — cannot  be  under- 
stood until  we  know  mind  bv  means 
of  psychology,  for  in  all  the  count- 
less elements  of  the  organised  body 
— in  plants  as  well  as  in  animals — 
there  is  an  analogue  of  mental  de- 
velopment which  cannot  possibly 
be  found  on  the  surface  of  phen- 
omena. We  observe  internally  a 
fragment  of  our  own  mental  exist- 
ence. This  fragment  is  developed 
into  scientific  knowledge   through 


speculative  psychology  based  on 
metaphysics.  This  knowledge 
meets  another  equally  metaphy- 
sical science,  natural  philosophy, 
with  its  conception  of  matter — 
that  is,  of  such  matter  as  we  know 
through  chemistry  and  dynamics. 
Then  only  can  the  question  be  put, 
how  such  matter  must  be  con- 
stituted, so  that  its  separate  ele- 
ments are  determined,  not  only 
through  their  original  quality,  but 
also  through  a  development  analo- 
gous to  the  mental  one,"  &c.  The 
section  closes  with  the  following 
characteristic  passage  :  "  Those 
who  favour  empiricism  can  learn 
from  the  present  state  of  physi- 
ology how  much,  or  rather  how 
little,  mere  experience  can  do. 
Physiology,  as  an  empirical  doc- 
trine, has  attained  a  height  which 
nobody  can  despise.  Moreover,  it 
proceeds  in  the  light  of  modern 
physics.  Nevertheless,  it  has 
eagerly  sucked  up,  as  the  sponge 
sucks  up  water,  that  philosophy 
of  nature  which  knows  nothing, 
because  it  began  by  construing  the 
universe  a  priori.  Towards  this 
error  no  science  has  proved  so 
weak,  so  little  capable  of  resist- 
ance, as  physiology.  The  talk 
about  life  has  become  the  Dead 
Sea  in  which  all  spirit  of  philo- 
sophical research  is  drowned,  so 
that,  if  a  resurrection  is  at  all  to 
be  hoped  for,  it  must  be  born  anew 
in  quite  unbiassed  minds"  ('Werke,' 
vol.  vi.  p.  65,  &c.) 
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which  an  exact  or  scientific  treatment  of  mental  phe- 
nomena could  meet  with  any  success  at  all.     It  was  in 
the  schools  of  physiology,  in  those  of  Johannes  Mliller 
and  of  Weber,  that   philosophers  had  to  learn  how  to 
attack  the  borderland  of  bodily  and  mental  phenomena. 
The  first  who  approached  the  subject  from  this  point 
of   view  was   Hermann   Lotze.      He  was   a   disciple  of 
E.  H.  Weber,  and   had   been   led   to   psychological   re- 
searches from  two  independent  starting-points  :  first  from 
the  study  of  the  medical  sciences  which,  under  the  hands 
of  his  great  master,  had   largely  benefited  by  the   ap- 
plication  of   the    exact    methods   of    the    physical,    the 
measuring,  and  calculating   sciences,  but   also   from   an 
entirely  opposite  quarter.^      "  A  lively  interest  in  poetry 
and  art  had  led  him  to  philosophy."     He  was  attracted 
by  that  great  body  of  ideas  which,  through  the  systems 
of  Fichte,  Schelling,  and  Hegel,  had  become  permanently 
domiciled  in  German  culture.      In  this  great  realm  he 
could  move  "with  some  freedom,"  for   it  had   not   be- 
come  crystallised   into   a   definite    system  of    doctrine; 
exact  studies  had,  moreover,  easily  convinced  him  "  how 
absolutely  untenable  was  the  form  into  which  Hegel  had 
cast  that  valuable  possession." 


1  The  quotations  in  the  text  are 
taken  from  Lotze's  polemical  pam- 
phlet, *  Streitschrif ten  '  (Leipzig, 
1857),  pp.  6,  7.  As  already  men- 
tioned {supra,Y>A07  note).  Lotze  had 
been  misunderstood  by  his  critics, 
of  whom  some  represented  him  as 
a  materialist,  others  as  a  follower  of 
Herbart.  In  refuting  the  latter 
charge  he  explains  his  position  to- 
wards the  idealistic  systems  of  the 
first  half  of  the  nineteenth  century. 


He  acknowledges  two  great  personal 
influences,  that  of  C.  H.  Weisse, 
which,  as  it  were,  touches  the 
kernel  of  his  convictions,  and  that 
of  the  study  of  medicine,  which, 
in  his  case,  was  intimately  con- 
nected with  that  of  the  physical 
sciences.  He  admits,  as  did  Her- 
bart, having  passed  through  the 
magnificent  portal  of  Leibniz's 
Monadology  to  a  general  arrange- 
ment of  his  philosophical  opinions. 
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We  must  bear  in  mind  this  twofold  source  of  Lotze's 
reflections  if  we  want  to  estimate  correctly  the  value  of 
his  early  criticisms  regarding  the  then  prevalent  treat- 
ment of  such  questions  as  life  and  mind  in  the  medical 
sciences.  On  the  one  side  he  had  the  object  of  clear- 
ing the  way  for  purely  mechanical  explanations.  We 
learnt  in  an  earlier  chapter  how  he  was  one  of  those 
who  successfully  chased  out  of  biology  the  vague  idea  of 
a  vital  force.  And  when  he  approached  the  problem 
of  mind  and  body,  we  find  him  insisting  on  the  presence 
of  a  psycho-physical  mechanism  which  rules  ^  the  inter- 


'^  The  opinion  of  Lotze  regarding 
the  relation  of  soul  and  body,  or 
rather  of  psychical  and  physical  phe- 
nomena, has  been  stated  by  him, 
variously,  as  parallelism,  occasional- 
ism, pre-established  harmony,  and 
was  ultimately  crystallised  in  the 
term  psycho- physical  mechanism. 
The  question  is  fully  discussed  in 
the  articles,  "  Leben  und  Lebens- 
kraft,"  "Instinct,"  "Seele  und 
Seelenleben,"  which  he  contributed 
to  K.  Wagner's  '  Handwiirterbuch 
der  Physiologie.'  They  are  reprinted 
in  Lotze's  '  Kleine  Schriften,' 
ed.  D.  Peipers,  4  vols.  (Leipzig, 
1885-91).  He  there  says,  "The 
conception  of  a  psycho  -  physical 
mechanism  can  be  stated  as  fol- 
lows :  As  ideas,  volitions,  and  other 
mental  states  cannot  be  compared 
with  the  quantitative  and  special 
properties  of  matter,  but  as.  never- 
theless, the  latter  seem  to  follow 
upon  the  former,  it  is  evident  that 
two  essentially  different,  totally 
disparate,  series  of  processes,  one 
bodily  and  one  mental,  run  par- 
allel to  each  other.  In  the  intensive 
quality  of  a  mental  process,  the 
extensive  definitenessof  the  material 
process  can  never  be  found  ;  but  if 
the  one  is  to  call  forth  the  other. 


the  proportionality  between  them 
must  be  secured  through  a  connec- 
tion which  appears  to  be  extrinsic 
to  both.  There  must  exist  general 
laws,  which  ensure  that  with  a 
modification  a  of  the  mental  sub- 
stance a  modification  6  of  the  bodily 
substance  shall  be  connected,  and  it 
is  only  in  consequence  of  this  inde- 
pendent rule,  and  not  through  its 
own  power  or  impulse,  that  a 
change  in  the  soul  produces  a 
corresponding  one  in  the  body " 
(vol.  i.  p.  193).  Lotze  destroyed 
the  idea  of  vital  force,  but  he 
only  chased  the  conception  of 
the  soul  beyond  the  limit  of  the 
psycho-physical  mechanism,  and  he 
maintains  that  natural  and  medical 
science  have  no  interest  in  pursuing 
the  question  beyond  that  limit, 
"however  interesting  the  further 
discussion  of  this  subject  may  be  to 
speculative  psychology  "  (vol.  i.  p. 
197) — "for  it  is  quite  indifierent  to 
medicine,  wherein  the  mvsterious 
union  of  body  and  soul  consists,  as 
this  is  the  constant  event  which 
lies  equally  at  the  bottom  of  all 
phenomena.  But  it  is  of  the 
greatest  interest  to  medicine  to 
know  what  afiections  of  the  soul 
are  connected  in   that  mysterious 
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action  of  external  and  internal  phenomena,  of  stimulus 
and  sensation. 
25.  There  existed  indeed  another   side — that   which   we 

ll?,^t"  °'  may  call  the  philosophical ;  it  does  not  at  present  enter 
doctrine.  .^^^  ^^^  course  of  our  narrative,  which  deals  only  with 
the  extension  of  scientific  or  exact  thought,  and  with 
mental  phenomena  and  the  inner  life  in  so  far  as  they 
form  a  province — perhaps  a  very  restricted  province — of 
the  whole  of  nature.  This  province  Lotze  was  among 
the  first  to  proclaim  distinctly  to  be  one  which  natural 
science  had  to  conquer  and  to  cultivate.  He  is  careful 
to  explain  that  it  does  not  cover  the  whole  ground  of 
psychology,  and  at  the  end  of  his  long  discourse  on  the 
"soul  and  its  life,"  which  formed  an  important  con- 
tribution to  the  great  physiological  encyclopiedia  pub- 
lished in  the  middle  of  the  century,  he  clearly  marks 
out  "physiology  of  the  soul  as  an  exposition  of  the 
physical  and  mechanical  conditions  to  which,  according 
to  our  observation,  the  life  of  the  soul  is  attached,"  ^  as 
one  of  the  several  problems  of  psychology.  It  formed  a 
counterpart  to  the  physiology  of  the  body,  of  the  physical 
side  of  our  existence,  and  was,  like  it,  to  become  a  natural 
— i.e.,  a  mechanical — science.  Subsequently  he  collected 
the  whole  of  his  reflections  belonging  to  these  two  de- 
partments in  two  treatises  on  the  'General  Physiology 
of  Bodily  Life'  (1851),  and  on  'Medical  Psychology'  or 
'The  Physiology  of  the  Soul'  (1852). 

As   little   as   it  now  enters   into  our  programme   to 


follow  up  the  philosophical  reasonings  of  Lotze  beyond 
the  limit  of  the  psycho-physical  mechanism,  so  little 
were  these  at  the  time  of  their  appearance  heeded  by 
many  of  his  readers,  some  of  whom  he  seems  to  have 
converted  to  or  confirmed  in  a  purely  materialistic  con- 
ception of  the  phenomena  of  the  inner  or  mental  world. 
Lotze  had  banished  "vital  forces"  from  biology;  why 
not  follow  him,  and  banish  all  other  higher  principles, 
and  revive — as  Carl  Vogt  did  ^ — the  dictum  of  Cabanis 
about  the  analogy  between  the  functions  of  the  brain 
and  the  kidneys  ?  Why  should  the  "  anima  "  of  Stahl 
not  have  the  same  fate  as  the  "  vital  force  "  of  Bordeu 
and  Bichat  ? 

This  was  a  misconception  of  what  Lotze  had  intended. 
He  had,  indeed,  banished  ^  the  principle  of  life  as  a 
factor  useless  in  physiological  explanations ;  but  not  the 
principle  of  organisation,  which  must  have  presided  over 
the  beginning  of  all  organic  forms.  This  might  be 
neglected  by  physiologists,  who  had  nothing  to  do  with 
origins  but  only  with  existing  relations.  It  was  quite 
different  with  mental  phenomena,  which,  manifesting 
themselves  alongside  of  physical  processes,  required  to  be 
dealt  with  and  recognised  as  actually  existing  and  con- 
current events.^     Herbart's  psychical  mechanism  might 


manner  with  what  affections  of 
the  body.  Unfortunately,  medical 
science  has  only  too  often  lost  sight 
of  tliis  its  proper  problem  over  fruit- 


less speculations  referring  to  that 
connection  itself  "  (p.  197).  ^  Cf.  also 
*  Medicinische  Psychologie,'  p.  78. 
1  '  Kleine  Werke,'  vol.  ii.  p.  204. 


^  On  this,  see  the  account  given 
in  Lange's  '  History  of  Materialism ' 
(Engl,  transl.,  vol.  ii.  p.  285)  and 
Lotze's  reference  to  it  in  '  Med. 
Psychol.,'  p.  43. 

2  "There  is  no  doubt  that  a 
legitimate  attack  upon  '  vital  force  * 
has  marked  in  our  days  that  line  of 
reasoning,  which  has  by  the  law  of 
inertia  carried  many  of  our  con- 
temporaries far  beyond  the  correct 


limit  on  to  a  negation  of  the  exist- 
ence of  a  soul"  (ibid.,  p.  41). 

^  These  various  points  are  very 
fully  discussed  in  Lotze's  earliest 
philosophical  work,  'Metaphysik' 
(Leipzig,  1841),  pp.  251,  255,  259  ; 
and  again  in  the  '  Med.  Psychologie ' 
(1852),  p.  78.  Referring  to  the 
last  chapter,  in  which  I  dealt  with 
the  development  of  the  theories  of 
life   and  organisation,   two   points 
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26. 
The  psycho- 
physics  of 
vision. 


be  an  unrealisable  ideal  in  that  it  dealt  with  inner 
phenomena  as  unconnected  with  outer  ones:  a  psycho- 
physical mechanism  was  a  nearer  approach  to  a  true 
description  of  reality,  and  could  not  be  narrowed  down 
to  a  purely  physical  occurrence;  moreover,  the  unity 
of  mental  life  was  a  special  property  which  had  to 
be  recognised  and  defined. 

Lotze  himself,  after  formulating  the  conception  of  a 
psycho-physical  mechanism,  and  utilising  the  elaborate 
and  fundamental  experiments  and  observations  of  Weber 
as  illustrations  of  what  was  meant,  made  an  important 
contribution  towards  an  analysis  of  a  compound  physico- 
psychical  process.  He  took  up  the  problem  which 
Berkelev  had  attacked,  of  the  formation  of  our  space 
perception.  It  had  been  introduced  into  German 
psychology  mainly  through  Herbart  with  reference  to 
the  Kantian  doctrine  that  space  is  a  subjective  form. 
Through  Lotze,  and  subsequently  through  Helmholtz,  it 
has  been  shown  to  have  not  only  a  psychological  but 
likewise  a  physiological  importance :  it  is  a  problem  of 
psycho- physics. 

There  exists  a  pecuUar  difficulty  in  bringing  home  to 
the  popular  mind  the  fact  that  a  special  problem  is  in- 


may  be  noted.  First,  it  is  clear 
that  Lotze  was  an  "  organicist " 
before  Claude  Bernard  and  other 
more  recent  thinkers  mentioned 
above.  Secondly,  it  is  very  evident 
that  Lotze  belongs  to  the  pre- 
Darwinian  school  of  thought.  In 
fact,  he  does  not  relish  the  genetic 
aspect.  The  historical  beginnings 
of  ideas  are  for  him  no  indication  of 
their  value  and  correctness.  He 
says  on  this  point :  "  The  genesis  of 
a  conception  is  no  argument  for  its 


validity  ;  in  the  ever  indistinct 
manner  in  which  language  operates 
in  forming  its  words,  it  may  form 
the  correctest  conceptions  in  just 
as  incorrect  a  manner  as  the  most 
erroneous  ones.  What  is  important 
is  whether  the  conception,  formed 
anyhow,  can  justify  itself  "  {'  Med. 
Psychol.,'  p.  41).  I  shall  on 
another  occasion  have  to  refer 
more  fully  to  this  marked  absence 
of  the  historical  sense  in  Lotze. 
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volved  in  the  manner  in  which  our  senses  of  sight  and 
touch  combine  and  arrange  simple  sensations  into  the 
whole  of  a  well-ordered  perception  of  space;  for  we  do 
not  become  able  to  appreciate  the  fact  of  the  slow 
and  gradual  growth  of  this  perception,  which  takes 
place  in  the  early  days  of  our  infancy,  till  long  after 
we  have  actually  gained  full  possession  of  it.  Some- 
thing similar  exists  with  regard  to  language  and 
thought :  we  only  hear  of  grammar  and  logic  long 
after  the  main  difficulties  of  speech  and  thinking  have 
been  unconsciously  mastered,  and  if  it  were  not  for 
the  existence  of  other  languages  than  our  own,  and 
of  an  erroneous  logic  as  exemplified  in  errors  of  cal- 
culation and  of  measurement,  it  is  doubtful  whether 
grammar  and  logic  would  have  been  so  early  developed. 
As  it  is,  the  physiological  problem  of  the  formation  of 
our  space  perception  was  actually  first  forced  upon 
naturalists  by  the  observation  of  pathological  cases,  such 
as  the  acquisition  of  sight  in  later  life  through  couching, 
the  existence  of  colour  blindness,  and  a  variety  of  optical 
delusions  which  still  serve  as  indispensable  test  cases  for 
the  various  theories  that  have  been  propounded.  Only 
when  something  turns  out  to  be  palpably  wrong  do  we 
begin  to  inquire  what  constitutes  the  right  side  of  many 
things. 

Thus  the  cases  of  Cheselden  and  Wardrop  and  the 
colour  blindness  of  Dalton  set  physiologists  thinking 
about  the  genesis  of  our  space  and  colour  perceptions. 
A  very  great  impetus — perhaps  the  most  valuable  of  all 
— was  given  by  Wheatstone's  invention  of  the  stereo-  stones 

o  J  stereoscope. 

scope  in  1838  ;  an  instrument  which,  as  it  were  through 


27. 
Wheat- 
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a  kind  of  deception,  gave  to  perfectly  flat  surfaces  the 
vivid  appearance  of  depth  and  distance.  And  here  we 
may  note,  in  passing,  how  it  was  almost  entirely  left 
to  foreign  thinkers  to  utilise  this  remarkable  invention 
for  the  benefit  of  the  theory  of  vision  and  the  science 
of  psycho-physics;^  Whewell  having  characteristically 
omitted  this  epoch-making  fact,  as  in  his  well-known 
history  he  omitted  to  notice  many  other  contemporary 
British  contributions  to  science. 

Philosophers,  who  are  accustomed  to  find  hidden 
problems  where  ordinary  persons  only  see  common-sense, 
had  already  approached  the  question  of  the  genesis  of  our 
space  perception  from  two  definite  points  of  view,  which 
we  may,  for  the  sake  of  convenience,  identify  with  the 
names  of  Kant  and  Herbart  The  genetic  view  associ- 
ated by  the  physiologists  with  the  name  of  Kant,  and 
supposed  to  have  been  prepared  by  Locke,  Berkeley,  and 
Hume,  was  this,  that  what  we  know  of  external  things 
depends   upon   the   peculiarities  of  our   own  perceiving 


1  Sir  Charles  Wheatstone  (1802- 

1875),  to  whom  several  inventions 

of    equal    scientific    and    practical 

interest    are     due,    invented     the 

mirror  -  stereoscope    in    1833.      A 

notice  of   it  was  given  in  Mayo's 

'Outlines   of   Human    Physiology,' 

but  neither  its  theoretical  nor  its 

practical  importance  was  recognised 

till  Wheatstone  published  his  paper 

in  the  'Phil.  Trans.'  in  1838.     He 

there  refers  to  Leonardo  da  Vinci  as 

having  been  the  only  one  before  him 

to  notice  the  difference  of  binocular 

and       monocular      vision.       Since 

Wheatstone's     invention      became 

known     and     was     perfected     by 

Brewster,  Moser,  and  others,  and 

especially  since  Helmholtz  entered 

the   field   with    his   extensive   and 


original  researches  in  optics,  it  has 
been  found  that  ancient  as  well  as 
more  recent  philosophers  had  ap- 
proached the  subject  very  closely  ; 
and  many  references  are  given  in 
the   new   edition   of  the   '  Physio- 
logische    Optik'    (1896),    p.    840. 
The  invention  of  photography  about 
the  same  time  (1835,  by  Daguerre, 
after  extensive  and  prolonged  ex- 
periments by  himself  and  Niepce, 
published  in  1839  by  Arago),  which 
was  of  great  importance  to  optical 
theory,    was    also    for   some    time 
singularly     little     appreciated     by 
theorists.    See  Rosen berger, '  Gesch. 
d.  Physik,'  vol.  iii.  p.  316.     See  also 
Helmholtz's    lecture    "  Ueber    das 
Seheu  des  Menschen"  (1855). 
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and  thinking  self,  on  sensations,  and  on  their  arrange- 
ment   or    orderly    presentation.     The   sensations   them-        28. 

Localisation 

selves  are  the  substance,  the  spatial  arrangement  Jf^^^^*" 
of  them  the  form,  of  our  perception  of  external 
things.  The  question  was  gradually  put  more  and 
more  clearly,  How  we  come  to  localise  certain  of  our 
sensations  at  definite  places  in  the  totality  of  a  spatial 
arrangement  ?  Herbart  added  another  important  reflec- 
tion, which  really  dated  from  Leibniz.  Impressed  with 
the  unity  of  all  mental  existence,  and  claiming  this  as 
the  characteristic  property  of  our  inner  life,  he  asked  the 
question.  How  can  the  oneness  or  simplicity  of  this  inner 
existence,  as  it  were,  expand  itself  without  losing  its 
unity,  into  the  orderly  variety  of  a  spatial  contemplation  ? 
For  the  purpose  of  an  answer  to  this  question  he  fixed 
on  the  phenomenon  of  motion.  The  conception  of  an 
orderly  arrangement  of  sensations  or  things  in  space  is 
gained  in  great  measure  by  the  aid  of  definite  move- 
ments of  the  sensitive  organs,  which  are  accompanied 
by  definite  sensations  of  motion  —  e.g.,  by  muscular 
sensations. 

The  first  of  these  two  questions  may  be  expressed  in 
the  words.  Given  the  subjective  form  of  a  space  percep-  ' 
tion,  either  complete  in  its  geometrical  arrangement  (the  I 
nativistic  hypothesis)  or  gradually  acquired  in  the  early  j 
moments  of  our  conscious  life  (the  empiric  hypothesis), 
how  do  we  make  ourselves  familiar  with,  and  at  home  in,  , 
this  form  of  perception  ?  And  secondly.  By  what  special 
properties  or  local  signs  do  we  localise  or  place  each 
single  sensation  in  its  right  and  orderly  position  ?  The 
first  is   the   problem  of  space  construction,  the  second 


29. 
Lotze'8 
"  local 

signs." 


30. 
Fecliner. 
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)  that  of  localisation  of  things  in  space.  Lotze  was  one  of 
the  first  to  attempt  detailed  answers  to  these  questions. 
In  particular  he  propounded  the  theory  of  "  local  signs," 
which  with  certain  modifications  has  been  adopted  by 
subsequent  writers  on  the  subject.  The  combination 
of  physiological,  optical,  and  psychological  investigations 
in  Helmholtz's  great  work  on  '  Physiological  Optics ' 
has  brought  definiteness  and  mathematical  precision 
into  many  of  the  questions  suggested  by  philosophers 
and  naturalists  before  him.  Through  it  and  its  great 
companion,  the  '  Physiological  Acoustics,'  psycho-physics 
has  to  a  large  extent  become  an  exact  science. 

A  great  step  in  the  direction  of  drawing  psychical 
phenomena  into  the  circle  of  the  exact  sciences  was  taken 
independently  by  Gustav  Theodor  Fechner ;  ^  in  fact,  it  is 


1  G.  T.  Fechner  (1801-1887)  was 
a    unique    figure  in  German   liter- 
ature,    science,     and     philosophy. 
Beyond  his  own  country  he  is  only 
very  imperfectly  known  and  appre- 
ciated.    He  was   self-taught,   and 
living  all  his  lif*^  somewhat  t)utside 
the  conventional  categories  of  Ger- 
man   academic   activity,    he    made 
a    position    for   himself  which  has 
only  become  intelligible  to  a  larger 
public    through    the    issue — after 
his  death— of    Prof.   Wundt's  ora- 
tion, Prof.  Kuntze's  (his  nephew's) 
charming    biography    (1892),    and 
Prof.     Lasswitz's     monograph     on 
Fechner     (Stuttgart,      1896),      in 
which    for    the    first    time    a   co- 
herent   exposition    of     his     philo- 
sophical    teaching    is     attempted. 
Prof.    Wundt    has    also,    in    many 
passages    of     his     work     on     psy- 
chology, and   through    the    second 
edition  of  the  '  Psychophysik,'  con- 
tributed largely  to  a  better  under- 
standing   of    Fechner's    views  and 
merits.      He    descended    on    both 


sides  from  ancestors  whose  position 
was  that  of  highly  esteemed  Pro- 
testant pastors  ;  he  studied  medi- 
cine like  Lotze,  and  was  the  friend 
and  colleague  of  Lotze's   teachers, 
Weber   and  Weisse.     In  his  auto- 
biographical record,  communicated 
by  Kuntze,  he  confesses  having  be- 
come almost  an  atheist  under  the 
influence   of   his    medical    studies, 
until    he   became   acquainted  with 
the  philosophy  of  Schelling,  Oken, 
and  Steffens,   which   dazzled    him, 
touched  the  poetical  and  mystical 
side  of  his  nature,  and,  though  he 
hardly  understood  it,  had  a  lasting 
influence   on  him.     The  simultan- 
eous    occupation     with    the    best 
scientific  Uterature  of  the  day  (he 
translated  French  text-books  such 
as  those  of  Biot  and  Th^nard,  and 
verified  Ohm's  law  experimentally), 
however,     forced    upon    him    the 
sceptical  reflection  whether,  "  of  all 
the    beautiful    orderly    connection 
of   optical    phenomena,    so   clearly 
expounded  by  Biot,  anything  could 
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to  him  that  we  are  indebted  for  the  term  Psycho-physics, 
which  in  the  present  chapter  I  have  used  in  a  more 
general  sense.  Fechner  worked  independently  of  Lotze 
and  Helmholtz  on  the  lines  of  E.  H.  Weber.  He  does 
not  seem  to  have  been  much  influenced  by  either  Kant 
or  Herbart.  In  1860  he  published  his  '  Elemente  der 
Psychophysik,'  which  was  to  be  an  exact  treatise  on  the 
relations  of  "  mind  and  body,"  founded  upon  a  measure- 
ment of  psychical  quantities. 

Herbart's  attempt  to  submit  psychical  phenomena  to 
the  exact  methods  of  calculation  had  failed  through  the 
want  of  a  measure  for  psychical  quantities.  Lotze  had 
suggested  the  idea  of  a  psycho-physical  mechanism  — 
i.e.,  a  constant  and  definite  connection  between  inner 
and  outer  phenomena,  between  sensation  and  stimulus. 
E.  H.  Weber  in  his  important  researches  on  "  Touch  and 
Bodily  Feeling  "  had  made  a  variety  of  measurements  of 
sensations,  and  shown  that  in  many  cases  stimuli  must 
be  augmented  in  proportion  to  their  own  original  inten- 
sity in  order  to  produce  equal  increments  of  sensation. 
These  observations  lent  themselves  to  an  easy  mathe- 
matical generalisation.     Fechner  was  the  first  to  draw 


have  been  found  out  bj^  Oken- 
Schelling's  method  ? ''  This  mix- 
ture or  alteration  of  exact  science 
and  speculation,  of  faithfulness  and 
loyalty  to  facts  as  well  as  to  theory, 
runs  through  all  Fechner's  life, 
work,  and  writings.  Much  of  his 
poetry,  of  his  fanciful  and  para- 
doxical effusions,  is  meant  seriously, 
and  is  really  more  coherent  than 
it  appeared  to  his  readers,  some  of 
whom  knew  him  onlv  under  his 
pseudonym  of  Dr  Mises.  He  lived, 
thought,  and  worked  truly  on  the 
borderland  of  nature  and  mind,  of 


this  world  and  another,  of  science 
and  poetry,  of  reality  and  fiction. 
Like  Lotze,  he  wanted  the  genuinely 
historical  sense.  Like  Lotze,  too, 
he  received  from  others  only  sug- 
gestions which  he  elaborated  in- 
dependently in  his  own  original 
fashion.  As  little  as  Lotze  does 
he  seem  ever  to  have  attempted 
to  realise  and  understand  any  other 
philosophical  system  than  his  own. 
To  both,  the  ultimate  problem  was 
capable  onlv  of  a  subjective  solu- 
tion.    Cf.  vol.  i.  p.  200. 
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the  attention  of  philosophers  to  the  existence  of  this  re- 
lation  in  a  variety  of  instances,  and  collected  a  large 
number  of  facts  to  prove  its  general   correctness.     He 
conceived    the    idea    of    measuring    sensations  by  their 
accompanying   stimuli,   a  mode   of   measurement    based 
upon  that  relation   which,  under  the  name  of  Weber's 
law  or  formula,   he   introduced    as    a    general    psycho- 
physical  proposition.     The    intervals   in   the   numerical 
scale,  the    differences    in    the    magnitude   of   stars,  the 
facts  established  by  Weber  relating  to  our  estimate  of 
differences   of   touch,    of    weight,  and    of    temperature; 
lastly,  the  relation  of  "  fortune  physique  "  and  "  fortune 
morale,"  known   to   Euler   and    Lagrange,   could  all   be 
utilised    towards    proving   the   general  accuracy,  within 
certain   limits,   of    the    psycho  -  physical   formula.     The 
work  gave  rise  to  many  discussions^   as  to  the  mean- 
ing of  the  term    quantity  applied  to  psychical    pheno- 
mena,   as    to   methods  of    measurement,  and  as  to  the 
sicrnificance  to  be  attached  to  the  new  branch  of  research 


1  In  addition  to  the  '  Elemente 
der  Psychophysik  '  (1860),  of  which 
a  second  edition  appeared  in  1890, 
the  author  enlarged,  discussed,  and 
defended     his     special     ideas    and 
theories  in  three  further   publica- 
tions.   The  year  1877  produced  '  In 
Sachen  der  Psychophy^^ik,'  the  year 
1882  the  'Revision  derHauptpunkte 
der  Psychophysik,'  and  shortly  be- 
fore   his    death    (1887)   there    ap- 
peared,    in      the     '  Philosophische 
Studien  '  of  Prof.  Wundt,  his  last 
contribution,    "  Ueber   die  psychi- 
schen      Maasprincipien     und     das 
Webersche    Gesetz,"    which   Prof. 
Wundt  declares  to  be  "  the  clearest 
and    most    complete  exposition  of 
the  problem  which  he  gave  in  the 
course   of   the   forty  years  during 


which   he   was   occupied  with  it." 
(Seethe  obituary  oration,  reprinted 
in   Kuntze's    'Biography,'  p.  360.) 
The  attacks  on  Fechner  came  trom 
many    quarters.     In    the    polemi- 
cal   treatise    of    1877    he    notices 
how    the    views    of    his     critics  — 
Helmholtz,    Aubert,    Mach,    Bern- 
stein,     Plateau,     Delbceuf,    Bren- 
tano,    Bering,     Langer  — agree    as 
little   among    themselves   as    with 
his   own.     He   sums  up  with  fine 
humour  :  "  The  tower  of  Babel  was 
not  finished,  because  the  builders 
could  not   agree  how  to  build  it ; 
my  psycho-physical  structure  may 
remain  standing,  because  the  work- 
men cannot    agree   how  to  pull  it 
down"  ('In  Sachen,'  &c.,  p.  215). 
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as  well  as  to  the  interpretation  of  the  Weber-Fechner 
law  of  psycho-physical  dependence. 

We  are  indebted   to   Prof.  Wundt  of   Leipzig   for  a  ^^^^si. 
complete     and     exhaustive     examination    of    the     new 
province  of  exact  science.^     He  enlarged  its  boundaries, 


^  The  psychological  school,  of 
which  Prof.  Wundt  can  be  con- 
sidered the  head  or  centre,  has  been 
contrasted  by  M.  Ribot,  in  his 
'  Psychologie  Allemande  Contempo- 
raine'  (1st  ed.,  1879),  with  the 
English  school,  and,  in  the  ex- 
position in  the  text,  I  have  taken 
a  similar  view.  It  would,  how- 
ever, be  unjust  not  to  note  that  in 
England,  prior  to  the  publication  of 
Prof.  Wundt's  principal  writings,  a 
<levelopment  of  psychology  in  the 
same  direction  had  already  begun. 
The  principal  representative  of  this 
development  is  Prof.  Alexander 
Bain  (born  1818),  whose  two  great 
works,  'The  Senses  and  the  Intel- 
lect '  (1855)  and  'The  Emotions 
and  the  Will '  (1859),  appeared  even 
before  Fechner's  'Psychophysik,' 
and  were  characterised  by  J.  S. 
Mill  as  "an  exposition  which  de- 
serves to  take  rank  as  the  foremost 
of  its  class,  and  as  marking  the 
most  advanced  point  which  the  a 
posteriori  psychology  has  reached," 
being  "the  most  genuinely  scientific 
analytical  exposition  of  the  human 
mind  which  the  a  posteriori  psy- 
chology has  up  till  this  time  pio- 
duced"  ('Edinb.  Rev.,'  October 
1859,  reprinted  in  '  Dissertations 
and  Discussions,'  vol.  iii.  pp.  99, 
100).  Bain  carried  out  what  had 
been  called  by  Thomas  Brown  "  the 
physical  investigation  of  the  mind," 
and  was  probably  the  first  English 
psychologist  who  enriched  the  older 
associational  psychology  by  an  ex- 
tensive use  of  the  teachings  of  physi- 
ology ;  the  geim  of  his  theory  being 
contained  in  a  passage  cited  by  him 
from  Johannes  Miiller  :  in  fact,  he 


appreciated  the  well-known  dictum 
of  the  latter,  ^^  psychologus  nemo 
nisiphysiologus.^'  Shortly  after  the 
appearance  of  Prof.  Bain's  works, 
the  overmastering  influence  of  the 
evolutionist  school  in  England, 
headed  by  Mr  Spencer  and  sup- 
ported by  Darwin,  and  the  pro- 
nounced opposition  with  which  the 
psycho-physical  school  started  in 
Germany,  cast  somewhat  into  the 
shade  the  steady  development,  in 
this  country,  of  the  exact  science  of 
psychology  by  those  who  formed  the 
direct  succession  to  the  older,  purely 
introspective,  school  of  Scottish 
thinkers.  As  I  am  not,  in  the  pres- 
ent chapter,  treating  of  psychology 
and  philosophy,  but  of  the  attempt 
to  gain,  by  the  methods  of  the 
exact  sciences,  a  conception  of  the 
phenomena  of  animation  and  con- 
sciousness, I  leave  for  another  oc- 
casion the  appreciation  of  the 
English  school  of  psychology.  The 
members  of  this  school  considered 
physiology  as  an  aid  to  psychological 
research,  whereas  most  of  the  rep- 
resentatives of  the  modern  German 
school  were,  to  begin  with,  j)hysi- 
ologists  or  physicists,  and  only 
became  subsequently  psychologists 
or  philosophers.  Characteristic  of 
this  school  are  two  points :  the 
opposition  they  made  from  the 
start  to  the  existing  methods,  and 
their  prominent  use,  not  only  of  ob- 
servation, but  of  experiment.  The 
less  ostentatious  development  of 
Enghsh  thought  would,  no  doubt, 
have  led  in  the  end,  but  for  the 
reasons  given  above,  to  like  results. 
An  opposition  similar  to  that  so 
marked  in  Germany  was,  however. 
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32. 
Physio- 
logical 
psychology. 


taking    in    the    ground    covered    by    Lotze's    medical 
psychology    as   well    as    by   Helmholtz's    physiology   of 
hearing  and  seeing ;  added  a  large  number  of  measure- 
ments of  his  own,  some  of  them  quite  original,  such  as 
those  referring  to  the  time-sense,  many  of  them  in  con- 
firmation and  extension  of  Fechner's  collection  of  facts ; 
invented  new  methods  and  new  apparatus ;  brought  the 
whole  subject  into  connection  with  general  physiology,  as 
also  with  the  more  exclusively  introspective  psychology 
of  the  older,  notably  the  English  and  Scottish,  schools ; 
and  pointed  to  the  necessary  completion  which  these  in- 
vestigations demand  from  the  several  neighbouring  fields 
of  research.     Through  his  labours  "  physiological  psycho- 
logy "  as  an  independent  science  has  for  the  first  time 
become  possible.     The  influence  of  his  great   work  on 
this   subject,   as   also   of    his    teaching  and   demonstra- 
tions, has  been  very  stimulating.     With  its  place  in  the 
history  of  philosophical  thought  I  shall  have  to  deal  in  a 
later  portion  of  this  history.     At  present  1  will  merely 
refer  to  the  leading  ideas  and  contributions  it  contains  to 
our  scientific  reasoning  on  the  psycho-physical  problem. 

Wundt   approached   psychological   research   from   the 
side  of  physiology  ;  ^  his  earlier  writings  referred  to  the 


taken  up  in  England  in  single  in- 
stances—f.^jf.,  by  G.  H.  Lewes  and 
Dr  H.  Maudsley,  the  former  in 
favour  of  Positivism,  the  latter  on 
the  foundation  of  his  '  Physiology 
and  Pathology  of  Mind'  (1st  ed., 

1867). 

1  The  researches  of  Wundt  and 
the  earlier  work  of  Fechner  re- 
mained practically  unknown  in 
this  country  up  to  the  time  of 
the  appearance  of  the  periodical 
♦Mind,'    edited    by    Prof.     Croom 


Robertson,  in  1876,  under  the 
generous  patronage  of  Prof.  Bain. 
Even  Lotze  and  Herbart  were 
hardly  known  in  this  country. 
A  similar  disregard  of  English 
psychology  existed  in  Germany. 
The  foremost  writers  on  the  his- 
tory of  modern  philosophy,  such  as 
Erdmann  and  Ueberweg,  wrote  as 
if  modern  philosophic— including 
psychological  —  thought  existed 
only  in  Germany.  Even  the 
singularly  impartial  and  unbiassed 
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physiology  of  the  senses,  to  physiology  proper,  and  to 
such  phenomena  of  psychical  or  inner  life  as  can  be 
traced,  not  only  in  man,  but  also  in  the  brute  creation. 
He  thus  seems  to  have  approached  psychology  with  the 
true  instinct  and  methods  of  an  exact  student  of  nature. 
In  the  course  of  years  his  psycho-physical  studies  took 
more  and  more  the  character  of  an  experimental  psycho- 
logy, and  in  the  latest  edition  of  his  great  work  he 
describes  it  as  such,  maintaining  that  the  designation  of 
physiological  psychology  has  rather  a  historical  meaning.^ 


author  of  the  '  History  of  Material- 
ism,' Albert  Lange,  does  only  scant 
justice  to  the  labours  of  the  Eng- 
lish  school,    .J.    S.    Mill   being,   in 
fact,  the  only  English  philosophical 
writer     of     the     middle     of     the 
century    who    was   appreciated    in 
Germany.      The    last    twenty-five 
years   have    entirely    altered    this 
state     of     things.      French     and 
American     writers      such    as     M. 
Ribot,    Prof.    M'Cosh,   and    more 
recently    Prof.    James,    treat    im- 
partially   of    the    rival    claims    of 
German     and     English     thinkers. 
'  Mind '  has  preserved  its   fairness 
in    admitting    contributions    from 
oj)posite  sides  ;    and  latterly  there 
has  been  started  by  the  publishing 
house  of  Frommann  of  Stuttgart, 
under     the     editorship     of     Prof. 
Falckenberg,  a  series  of  very  use- 
ful monographs  on  recent  thinkers, 
whose     voluminous     or    scattered 
writings  make  it  difficult  to  arrive 
at  a  comprehensive   and   just   ap- 
preciation  of    the    main    drift    of 
their  doctrine.     Ever   since   some 
provinces  of  philosophy  were  con- 
quered   by    exact    research,  unity 
of  plan  has   been   to   a  great  ex- 
tent sacrificed  ;  the  natural  science 
of  mind  is  becoming  split  up  into 
fragments  like  that  of  life.     Prof. 
Lasswitz    has    given     us    for    the 
first  time  a   coherent   account   of 

VOL.  II. 


Fechner's  philosophy,  and  although 
Prof.  Wundt  had  already  put  forth 
in  his  '  System  der  Philosophie ' 
(1st  ed.,  1890)  a  statement  of  his 
systematic  views,  the  monograph  by 
Edmund  Konig  (1901)  is  very  help- 
ful in  fixing  the  historical  position 
of  Wundt  and  the  genesis  of 
his  doctrine.  I  refer  to  these 
volumes  for  a  bibliography  of 
the  thinkers  discussed. 

^  In    the    introduction    to    the 
*  Physiologische    Psychologic  '   (4te 
Aufl.,  vol.    i.    p.    9)  Prof.   Wundt 
says,   "The   conception   of  experi- 
mental  psychology    has    been   ex- 
panded beyond  its  original  limits, 
as  we   now   comprehend   under  it 
not  only  those  parts  of  psychology 
which   are    directly    accessible    ta 
experiment,    but     the     whole     of 
psychology  ;   as  it  makes  a  direct 
use   of    the   experimental   method 
wherever   this   is   possible,  and   an 
indirect  use  in  all  other  instances 
through  applying  the  results  gained 
in  the  former,  and  through  render- 
ing internal  observation  more  acute. 
.  .  .  The    designation    of    physio- 
logical psychology,  which  originated 
in  the  peculiar  historical  anteced- 
ents  of  our   science,  is   one-sided. 
.   .  .  The  centre  of  gravity  of  the 
experimental  method  lies  in  this, 
that  it  alone  makes  reliable  inner 
observation  possible." 

2  K 
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Whilst  his  methods  are  exact  and  definite,  his  aim  is, 
nevertheless,  wide  and  comprehensive  ;  for  not  only  is  the 
animal  creation  studied  as  a  valuable  field  for  enlarged 
psycho-physical  research,  but  also  the  psychology  of 
infancy  and  of  human  societies  (ethnical  psychology)  are 
drawn  into  the  circle  of  a  scientific  psychology.  At  the 
same  time  his  exposition  is  directed  towards  the  totality  ^ 
of  the  phenomena  of  life  and  mind,  it  being  his  ultimate 
object  to  arrive  at  some  appropriate  conception  of  the 
whole  of  human  existence.  In  this  respect  his  scientific 
labours  form  a  counterpart  to  those  of  naturalists  like 
Humboldt  and  Darwin,  who  did  so  much  to  direct  the 
attention  of  natural  science  to  the  whole  of  nature,  her 
history  and  economy.  It  seems  to  me  that  Prof.  AVundt 
has  similarly '  introduced  into  the  psycho-physical  study 
of  nature  the  prominent  consideration  of  the  mental  side 
of  life  in  its  totality,  starting,  as  Darwin  and  Humboldt 
did,  from  a  large  accumulation  of  detailed  observations. 

This  regard  for  the  whole  problem  distinguishes 
Wundt's  writings  from  those  of  other  eminent  psycho- 
physicists,  such  as  Helmholtz,  who  deals  brilliantly  and 
exhaustively  with  certain  special  problems,  or  Fechner, 
who  relegated  the  discussion  of  the  fundamental  ques- 
tions to  a  series  of  half-poetical  treatises,  which  are  full 
of  suggestion  rather  than  close  scientific  reasoning.     But 


^  '  Physiologische  Psychologie  ' 
(4te  Aufl.,  vol.  i.  p.  2) :  " Our  science 
has  accordingly  the  task,  first,  to 
investigate  those  vital  phenomena 
which,  lying  in  the  middle  between 
outer  and  inner  experience,  require 
the  simultaneous  application  of  both 
methods  of  observation,  outer  and 
inner  ;  and  secondly,  to  throw  light 
from  the  points  thus  gained  on  the 


totality  of  the  phenomena  of  life, 
and,  if  possible,  to  gain  in  this 
way  a  comprehensive  conception  of 
human  existence."  See  also  his 
essay  "  Philosophic  und  Wissen- 
schaft"  in  a  volume  of  'Essays 
(Leipzig,  1885),  p.  1;  also  'Die 
Aufgaben  der  experimentellen 
Psychologie,'  ibid.,  p.   127,  &c. 


Wundt  differs  quite  as  much  from  Lotze,  who  also  strove       33. 
to  arrive  at  a  view  of  the  totality  of  human  life  and  its  FechneV, 

and  Lotze 

significance.  Lotze  belonged,  in  spite  of  the  original  compared. 
and  independent  view  which  he  took  of  the  psycho- 
physical problem,  to  the  older  school  of  philosophers. 
Wundt  belongs  quite  to  the  modern  school.^  Fechner 
forms  the  transition.  Lotze  begins  his  psychology,  and 
even  his  physiology  of  the  soul,  with  a  lengthy  disserta- 
tion on  the  unity  of  the  soul  as  a  special  being,  just 
as  Herbart  begins  his  psychology  with  metaphysics. 
This  metaphysical  introduction,  these  definitions  relating 
to  the  essence  of  the  soul,  its  unity,  and  its  location,  are 
absent  in  the  modern  psychology.  Instead  of  founding 
psychology  on  experience,  metaphysics,  and  mathematics, 
Wundt  founds  it  on  experience  (including  experiment), 
physiology,  and  mathematics.  In  consequence  of  this 
altered  foundation  a  new  problem  has  arisen,  precisely 
as  a  new  problem  arose  for  biologists  when  they  dis- 
carded vital  force  as  a  meaningless  and  useless  encum- 
brance.    For  the  older  biologists  life  was  the  exhibition 


^  See  the  preface  to  the  second 
edition  of  the  'System  der  Philo- 
sophic' (Leipzig,  1897),  p.  ix  :  "I 
have  always  tried  to  co-operate  in 
the  endeavour  to  secure  for  psycho- 
logy an  independent  position  as 
an  empirical  science  outside  of 
philosophy,  and  to  see  that  she 
should  not  lack  the  support  of  the 
scientific  method  in  so  far  as  this 
could  be  transferred  to  her.  .  .  . 
As  I  started  from  natural  science 
and  then  came  to  philosophy 
through  occupation  with  empirical 
psychology,  it  would  have  appeared 
to  me  impossible  to  philosophise 
111  any  other  way  than  in  corre- 
spondence  with    this    sequence   of 


the  problems.  But  I  quite  well 
understand  that  the  position  may 
be  different  for  him  who  begins  witli 
philosophy  and'  then  makes  occa- 
sional excursions  into  the  regions 
of  science  or  psychology."  Com- 
pare with  this  what  Lotze  says  in 
the  Introduction  to  his  '  Streit- 
schriften'  (1857),  or  the  following 
passage  from  one  of  his  last  essays 
('Contemp.  Rev.,'  January  1880), 
"Except  in  rare  cases,  a  prolonged 
philosophical  labour  is  nothing  else 
but  the  attempt  to  justify,  scientif- 
ically, a  fundamental  view  of  things 
which   has   been   adopted  in  earlv 
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of  vital  force.     This  having  been  dropped,  the  question 
arose  for  modern  biology,  What  is  life  ?    We  thus  find 
thinking  biologists  of  the  modern,  exact  school  aiming  at 
a  mechanical  definition  of  life.     Many  answers  have  been 
attempted,  such  as  that  it  is  the  action  of  a  very  com- 
plex chemical  molecule,  of  dynamical  equilibrium,  of  meta- 
bolism, of  a  special  form  or  organisation,  &c.      Similarly, 
when  the  word  soul  dropped  out  of  psychology  in  its 
older  metaphysical  meaning  as  a  separate  being  or  entity, 
when  it  was  used   to  mean  only  the  sum-total  of  the 
inner  or  psychical  phenomena,  a  new  problem  arose  for 
the  psycho-physicist  or  experimental  psychologist.     The 
problem  now  was  to  give  some  definition  of  the  unity 
and  unified  totality  of  all  inner  or  mental  phenomena. 
The  older  metaphysical  psychology,  as  also  for  the  most 
part  the  so-called   empirical  psychology,  answered  this 
question  by  placing  the  conception   of   an   independent 
entity,  the  soul,  person,  or  self,  at  the  opening  of  their 
discussions.     Modern  exact   psychology  cannot  do  this. 
Tor  it  the  unity  of  the  inner  life  and  its  unified  totality 
has  become  a  problem.     This  problem  Prof.  Wundt  faces 
34.       fully  and  fairly.     He  asks  himself  the  question.  Wherein 
ronVcTJus-''^  consists  the  unity  of  consciousness,  wherein  the  totahty 
of  all   mental   life,   individual   and  collective?     Armed 
with  the  methods  of  exact  research,  he  tries  to  extract 
from  the  whole  array  of  mental  phenomena  an  idea  of 
their  essence  as  distinguished  from  external  or  natural 
phenomena,  and  of  their  collective  meaning  and  signif- 
icance.    In  so  doing  he  enters  the  4oniain  of  philosophy, 
and   his   results   belong   to   the   realm   of   philosophical 
thought.     When  dealing  with  that  large  section  of  my 


ness. 


subject  I  shall  have  to  take  up  Wundt's  theories  where 
I  now  leave  them. 

Through  the  efforts  and  widespread  influence  of  Prof. 
Wundt,  the  inner  or  psychical  phenomena  have  been 
drawn  into  the  circle  of  exact  research ;  a  large  portion 
of  psychology  has  become  natural  science.  It  is  quite 
consistent  with  this  that  some  of  the  disciples  of  the 
modern  school  should  have  assumed  towards  the  new 
branch  of  natural  science  the  attitude  which  has  be- 
come habitual  among  those  who  cultivate  other  natural 
sciences.  All  these  sciences  are  based  upon  observation, 
aided  if  possible  by  experiment ;  none  of  them,  however, 
has  succeeded  in  rising  to  the  rank  of  an  exact  science 
without  the  aid  of  some  generalisation  which  admitted 
of  clear  expression  in  a  few  definite  conceptions,  being 
the  more  valuable  in  the  degree  that  it  lent  itself  to 
a  clothing  of  mathematical  language.  In  the  course  of 
the  last  centuries,  notably  the  nineteenth,  several  of 
these  fundamental  principles  —  such  as  the  laws  of 
motion,  gravitation,  atomism,  vibratory  motion,  the  con- 
ception of  energy,  natural  selection,  metabolism — have 
attained  in  various  degrees,  some  almost  perfectly,  to 
this  state  of  definiteness,  and  the  sciences  built  up 
by  their  aid  have  accordingly  acquired  the  character 
of  certainty.  Psycho  -  physics  having  through  Weber, 
Lotze,  Fechner,  and  Wundt  gradually  evolved  the  notion 
of  a  partial  parallelism  of  physical  and  psychical  pheno- 
mena, the  conception  of  a  mathematical  dependence  or 
of  function  could  be  introduced  between  the  measur- 
able external  processes  and  the  hidden  internal  events 
which  we  term  mental;  the  whole  of  the  latter  being 
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looked   upon  as  concomitant   occurrences,  as   "  Begleit- 
erscheinungen "  or  "  Epi-phenomena  "  of   the  more  ac- 
cessible though  very  complex  phenomena  of  the  nervous 
system  and  its  centres  ;    whereby  it  had  to   be   noted, 
that  whilst  the  external  visible  processes  exhibit  that 
continuity  in  time  and  space  which  is  characteristic  of 
all  physical  phenomena,  the  epi-phenomena  were  subject 
to  discontinuous  appearance  and  disappearance,  to  sudden 
>         growth  and  collapse.      Having  got  liold  of  this  partial 
formula,  which  in  some  cases  admits  even  of  a  rigorous 
mathematical  expression,  psycho-physics  had  no  pressing 
need  of  investigating  its  meaning  any  further,  or  of  in- 
quiring into  the  supposed  independent  existence  or  signif- 
icance of  the  "  epi-phenomena  "  as  such  ;  similar  general 
inquiries  into  the  origin  of  gravitation,  of  atoms,  of  the 
essence  of  energy  or  inertia,  having  proved  to  be  of  little 
or  no  use  in  furthering  astronomy,  chemistry,  thermo- 
dynamics.    It  cannot  be  denied  that  this  is  a  perfectly 
■"'      tenable  scientific  attitude.     Such  an  attitude  has  notably 
been  taken  up  by  Dr  Hugo  Miinsterberg,  and  by  what 
we   may  term   the   Freiburg    school  of   psycho -physics. 
Also  there  is  no  doubt  that  through  a  series  of  very 
cleverly  contrived   experiments — particularly  those   re- 
ferring to  the  muscular   sense  and  the   time   sense — a 
crood  deal  of  li^ht  has  been  thrown  upon  such  mental 
processes  as  association  of  ideas,  attention,  apperception, 
and   voluntary   effort,    which    have    thus   been    brought 
into  closer  correspondence  with  changes  taking  place  ni 
35.       the  nervous  system.     In  fact,  a  parallelism  of  neurosis 
^^knl  and  of  psychosis  has  been  more  and  more    established. 
This    doctrine    of    psycho  -  physical    parellelism,    also 
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called  the  conscious  automaton  theory,  is  the  central 
conception  in  psychology  as  a  natural  science,  or,  as 
I  have  termed  it,  of  the  psycho  -  physical  view  of 
nature.  It  was  prepared  ^  by  earlier  thinkers,  such  as 
Descartes,  and,  in  a  different  form,  by  Spinoza,^  and  by 
Leibniz's  doctrine  of  pre-established  harmony.^  It  has 
been  strengthened  by  the  physiological  theory  of  reflex 
action,^  and,  independently,  by  psycho-physics  in  the 
narrower  sense  of  the  word,  as  founded  by  Weber  and 
Fechner.  But  the  possibilities  of  the  automaton  theory 
were  not  scientifically  tested  till  towards  the  end  of 
the  nineteenth  century.      In  this  country,  two  thinkers 


1  The  doctrine  of  psycho-physical 
parallelism  and  its  historical  genesis 
is  given  by  Huxley  in  his  address 
before  the  British  Association  Meet- 
ing at  Belfast  in  1874,  "On  the 
Hypothesis  that  Animals  are  Auto- 
mata, and  its  History,"  in  which  he 
goes  back  to  Descartes  and  Charles 
Bonnet.  A  good  account  of  the 
theory  is  also  given  by  Prof.  Wm. 
James  in  the  5th  chapter  of  his 
'  Principles  of  Psychology  ' ;  and  it 
is  fully  discussed  by  Prof.  James 
Ward  in  his  Gifford  lectures, 
'  Naturalism  and  Agnosticism,'  vol. 
ii.  pt.  iii. 

2  The  passage  from  Spinoza  which 
is  constantly  quoted,  and,  as  Prof. 
Ward  says,  usually  in  ignorance  of 
the  context,  is  in  '  Ethica,'  part  ii. 
prop.  7  :  "  Ordo  et  connexio  ide- 
arum  idem  est  ac  ordo  et  connexio 
rerum." 

-'  Leibniz,  as  Huxley  {loc.  cit.) 
tells  us,  also  invented  the  term 
"automate  spirituel "  and  applied 
it  to  man. 

f  Du  Bois  -  Reymond,  in  his 
"  Eloge  "  of  Johannes  Miiller,  has 
shown  that  the  principle  of  reflex 
action  dates  back  to  Descartes, 
who  also  introduced  the  term   re- 


flex. Next  in  time  came  Willis 
('De  motu  musculari,'  Amsterdam, 
1682).  The  subject  seems  to  have 
been  overlooked  to  such  an  extent, 
that  Prochaska  (1784)  got  for  a 
long  time  the  credit  of  having 
established  the  notion  of  reflex 
action,  and  even  his  work  had  to 
be  rediscovered  by  Eduard  Weber 
(1846),  after  the  principle  of  the 
transition  of  a  reaction  from  the 
afferent  to  the  efferent  nerves  in 
the  central  organs  had  been  prom- 
inently put  forward  by  Legallois 
(1811),  Marshall  Hall  (1835),  and 
Johannes  Miiller  (1835).  In  more 
recent  times.  Prof.  Pfliiger's  "  Laws 
of  Reflex  Action,"  and  his  and  G. 
H.  Lewes 's  theory  of  the  presence 
of  consciousness  in  the  spinal  cord, 
have  formed  the  subject  of  much 
discussion  and  much  experimental 
work.  A  good  historical  account 
will  be  found  in  the  13th  Lecon 
of  M.  Ch.  Richet's  'Physiologic 
des  Muscles  et  des  Nerfs'  (Paris, 
1882),  and  a  discussion  of  the  whole 
subject  in  Prof.  AVundt's  'Physi- 
ologische  Psychologic,'  ch.  xxi., 
where  especially  the  difference  be- 
tween automatic  and  reflex  move- 
ment is  brought  out. 
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of  eminence,  Huxley  and  Clifford,'  have  made  the  theory 
accessible  to  the  popular  understanding,  without,  however, 
taking  a  comprehensive  view  of  the  study  of  mental 
phenomena,  inasmuch  as  they  approached  the  subject 
from  the  side  of  natural  science— the  former  more  from 
that  of  physiology,  the  latter  from  that  of  the  mechanical 
sciences.  Prof.  Wundt  treats  the  subject  exhaustively 
in  many  passages  of  his  works,  notably  in  the  last 
chapter  of  his  great  work  on  '  Physiological  Psychology,' 
in  which  he  broadly  defines  "  the  psycho-physical  view 
as  that  view. which  starts  from  the  empirically  well- 
established  thesis,  that  nothing  takes  place  in  our  con- 
sciousness which  does  not  find  its  foundation  in  definite 
physical  processes.     The  simple  sensation,  the  connection 


1  Although  neither  Huxley  nor 
Clifford  added  anything  new  to  the 
conception   of   parallelism  aa   con- 
tained in  the  writings  of  many  ear- 
lier Continental   philosophers,   the 
fact   that   they  were   driven  from 
their  purely  scientific  positions  to 
discuss  the  subject,  and  were  not 
psychologists    and    metaphysicians 
by    profession,   gave   their    exposi- 
tions, which  are  otherwise  as  fresh 
as   they  are  immature,  a  peculiar 
charm.       Being    both    masters    in 
style,  they    at   once   enriched   the 
vocabulary  with  new  terms  which 
have   since    become  classic.       The 
word  "  epi-phenomenon,"  an  equiv- 
alent   for    the    German    '  Begleit- 
erscheinung,'  which  is  of  independ- 
ent origin   but  expresses  Huxley's 
view,    is    a    real    enrichment    of 
thought.       It    is    also    the    direct 
way  to  bring  home  the  absurdity 
of  the  whole  theory.     The  things 
of    nature    being    first    considered 
as    "  phenomena "  — I.e.,    as    "ap- 
pearing" to  some  one, — the  some 
one    is    next    looked    upon    as    a 
secondary     phenomenon,    an    epi- 


phenomenon.      Cliflford  actually  in 
his  psychological  atomism  goes  the 
length    of    saying,    "  Reason,    in- 
telligence,   and    volition    are    pro- 
perties of  a  complex  which  is  made 
up    of    elements,    themselves    not 
rational,  not  intelligent,    not  con- 
scious" (see  '  Mind,'  vol.  iii.  p.  67). 
In  the  physical  theory  of  atoms  it 
has  been  truly  said  that  you  cannot 
get  anything  out  of  the  atoms  that 
you  have  not,  to  begin  with,  put  into 
them.      Clifford's   dictum    reminds 
one  of   Carlyle's   definition  of  the 
object  of  political  economy,  which 
has  to  solve  the  problem,  "Given 
a  community  consisting  of  fools  and 
knaves,  how  to  produce   efficiency 
and    honesty    by    their    combined 
action  ?  "     Clifford's  solution  of  the 
psychological  deadlock  is  the  "Mind- 
stuflf"  theory,  the  theory  that  all 
matter  is  the  phenomenal  correlate 
of   the   elements  of   mind.       Clif- 
ford's essay    "On   the   Nature   of 
Things  in  themselves  "  is  reprinted 
in  'Lectures  and  Essays'    (1879), 
vol.  ii.  p.  71  sqq. 


of  sensations  and  perceptions,  their  associations,  finally, 
the  processes  of  apperception  and  volition,  are  accom- 
panied by  physiological  nerve-processes.  Other  bodily 
processes,  such  as  the  simple  and  complex  reflex  actions, 
do  not  enter  directly  into  consciousness,  but  they 
form  important  auxiliary  processes  of  the  phenomena  of 
consciousness.^  It  is,  accordingly,  quite  consistent, 
from  a  purely  scientific  point  of  view,  to  test  this 
central  conception  of  exact  psychology,  and  to  refrain 
from  introducing  any  purely  psychical  conceptions  so 
long  as  the  possibilities  of  the  conception,  that  mental 
phenomena  are  only  concomitant  occurrences  of  changes 
which  take  place  in  the  nervous  system  and  centres, 
have  not  been  exhausted.  Investigations,  with  or 
without  this  definite  purpose,  have  been  very  largely 
prosecuted  in  the  course  of  the  nineteenth  century,  and 
have  been  in  part  purely  anatomical,  in  part  physio- 
logical, the  latter  again  either  referring  to  pathological 
or  to  normal  cases.  Systematic  courses  of  experiments 
have  been  begun  at  Leipzig  and  taken  up,  according  to 
a  well-defined  special  programme,  by  Dr  Mlinsterberg  at 
Freiburg,  who  in  the  researches  of  his  laboratory  has, 
more  distinctly  than  any  other  philosopher,  adopted  the 
theory  as  a  working  hypothesis.^ 


36. 
Mlinster- 
berg. 


^  *  Physiologische  Psychologic '  (4 
Aufl.),  vol.  ii.  p.  644. 

-  The  principal  writings  of  Dr 
Mlinsterberg,  in  which  his  psycho- 
physical researches  are  contained, 
are :  1,  *  Die  Willenshandlung,' 
Freiburg,  1888  ;  2,  *  Beitrage  zur 
Experimentellen  Psychologic,'  4 
parts,  1889-92  ;  3,  '  Ueber  Aufgaben 
und  Methoden  der  Psychologie,' 
being  part  2  of  the  '  Schrif ten  der 


Gesellschaft  fur  Psychologische 
Forschung,'  1891.  These  writings, 
although  starting  from  the  position 
prepared  by  the  Leipzig  school  of 
psycho-physical  research,  are  largely 
polemical,  and  directed  against 
some  of  Prof.  Wundt's  principal 
theories.  They  have  received  a 
considerable  amount  of  attention 
in  Germany  and  America  and  in 
this  country,  and  also  a  good  deal 
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It  can  hardly  be  said  that  this  course  of  study  has 
done  more  than  make  a  start,  and  even  those  who  are 
inclined   to    consider   it   a   very  one-sided   attempt  are 
bound  to  admit  that  it  has  a  promising  future.     Thus 
Prof.  Wm.  James,  whose  '  Principles  of  Psychology  '  treat 
of  the  subject  from  many  and  very  different  points  of 
view,   refers   to   these    experiments    in    a  characteristic 
passage   as  follows:    "Within   a   few  years,    what    one 
may  call  a  microscopic  psychology  has  arisen  in  Germany, 
carried  on  by  experimental   methods,  asking  of   course 
every   moment  for   introspective   data,   but    eliminating 
their  uncertainty  by  operating  on  a  large  scale  and  taking 
statistical  means.  .  .  .  Their  success  has  brought   into 
the  field  ah  array  of  experimental  psychologists,  bent  on 
studying  the  elements  of   mental  life,  dissecting   them 
out  from  the  gross  results  in  which  they  are  embedded, 
and,  as  far  as  possible,  reducing   them  to  quantitative 
scales.  ...  The  mind  must  submit  to  a  regular  siege,  in 
which  minute  advantages,  gained  night  and  day  by  the 

different  side  from  that  exhibited 
by   the  above-named   earlier  writ- 
ings, it  is  impossible  in  this  history 
to   do   more   than   refer   to   them 
as    marking    a    distinct    phase    in 
modern  psycho  -  physical  thought. 
It    does    not    appear     that     Prof. 
Wundt  agrees   with   much  of  the 
outcome  of   the   important  move- 
ment he  originated  ;  see  his  article 
in  '  Philosophische  Studien,'  vol.  vi. 
p.  382,  and  a  very  valuable  paper  by 
Prof.  J.  Ward  ('Mind,'  2nd  series, 
vol.  ii.  p.  54  sqq.\  entitled  "Modern 
Psychology- :  a  Reflexion. "    As  thcf^e 
discussions  refer  more  to  the  philo- 
sophical value  than  to  the  purely 
scientific  aspect  of  psycho-physics, 
they    would   lead    us    beyond   the 
regions  of  purely  scientific  thought. 


of  opposition.     The  late  editor  of 
'  Mind,'    Prof.    Groom    Robertson, 
reported  pretty  fully  upon  Miinster- 
berg's   work  in   the    15th  volume 
of  the  first  series  of  *  Mind,'  and 
drew    especial     attention    to     the 
confirmation    which  certain   views 
contained   in  the   writings   of  the 
British  Associationist  school   have 
received  through  Dr  Miinsterberg's 
expositions.     Prof.  E.  B.  Titchener 
criticised     Dr     Miinsterberg's    ex- 
periments and   theories   somewhat 
severely  in  the  16th  volume  of  the 
first  series  of   'Mind,'   p.  521  sqq. 
As   the   subject  is  still  under  dis- 
cussion, and  as  in  more  recent  writ- 
ings of  Dr  Munsterberg,  who  is  now 
professor   at   Harvard   University, 
his    studies    have    .shown   quite   a 


forces  that  hem  her  in,  resolve  themselves  at  last  into 
her  overthrow.  There  is  little  of  the  grand  style  about 
these  new  prism,  pendulum,  and  chronograph  philo- 
sophers. They  mean  business,  not  chivalry.  What 
generous  divination  and  that  superiority  in  virtue  which 
was  thought  by  Cicero  to  give  a  man  the  best  insight 
into  nature  have  failed  to  do,  their  spying  and  scraping, 
their  deadly  tenacity  and  almost  diabolical  cunning,  will 
doubtless  some  day  bring  about.  .  .  .  The  experimental 
method  has  quite  changed  the  face  of  the  science,  so  far 
as  the  latter  is  a  record  of  the  mere  work  done." 

It  is,  however,  only  fair  to  remark  that  it  has  never 
been  the  object  of  any  science,  and  can,  therefore,  no 
more  be  the  object  of  exact  psychology,  to  deal  with 
everything  at  once,  and  that  psycho-physical  science  has 
quite  as  much  right  to  postpone  the  question,  What  is 
rnind  ?  ^  as  biological  science  has  had  to  postpone,  or  ( 
even  to  eliminate,  the  question,  What  is  life  ?  But  this 
comparison  reveals  also  the  essential  difference  between 
the  exact  science  of  life  and  the  exact  science  of  mind. 
Of  life  we  know  only  through  the  observation  of  living 
beings,  but  of  mind  we  have  not  only  the  apparent 
knowledge  of  its  unity,  which  introspection  forces  upon 


^  "Sensation,  Retentiveness,  As- 
sociation by  Contiguity, — these  are 
to  be  our  ultimate  and  suflScient 
psychological  conceptions  :  the 
facts  of  feeling  and  conation  are 
resolved  into  facts  of  sensation ; 
and  all  mind-processes  held  to  be 
not  merely  conditioned,  but  ex- 
plained by  brain-processes,  which 
they  accompany  as  epi-phenomena 
or  '  Begleit-erscheinungen.'  It  is 
not  so   long   since   the  world  was 


shocked  at  Lange's  mot  about  a  psy- 
chology without  a  soul,  but  the 
'  modern  '  psychology  is  a  psychol- 
ogy without  even  consciousness. 
'  Content  of  consciousness '  as  much 
as  you  like,  but  consciousness  itself, 
consciousness  as  activity,  is  not  our 
affair ;  we  leave  that  to  metaphy- 
sics, say  our  '  modern  '  teachei':*. " 
(Prof.  J.  Ward,  on  "Modern  Psy- 
chology," '  Mind,'  2nd  series,  vol.  ii. 
p.  55). 
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US,  but  we  have  also  a  large  array  of  external  facts  which 
have  been  appropriately  defined  by  the  term  "  the  ob- 
jective mind."     There  are,  in  fact,  two  properties  with 
which  we  are  familiar  through  common-sense  and  ordin- 
ary reflection  as  belonging  specially  to  the  phenomena 
of    our  inner  self-conscious  life,  to  the  so-called  "  epi- 
phenomena"  of  the  higher  organic  or  nervous  systems, 
and  these  properties  seem  to  lie  quite  beyond  the  sphere 
and  the  possibilities  of  the  ordinary  methods   of  exact 
37.       research.     The  first  of  these  properties  is  the  peculiar 
r?cenSSl  unity  exhibited  by  the  higher  forms  of  organic  existence, 
^'''°'  and  still  more  evident  in  the  phenomena  of  mental  or 

inner  life.     Instead  of  unity,  it  might  perhaps  be  better 
to  call  it  centralisation.     Now,  the  more  we  apply  mathe- 
matical methods,  the  more  we  become  aware  of  the  im- 
possibility of  ever  arriving  at  a  comprehensive  unity  by 
adding  units  or  elements  together.     The  sum  of  atoms  or 
molecules,  however  artfully  put  together,  never  exhibits 
to  our  reasoning  that  appearance  of  concentration  which 
the  higher  organisms  or  our  conscious  self  seem  to  exhibit. 
In  thil  circumstance  lies  the  difficulty  of  ever  arriving  at 
any  really  satisfactory  definition  of  life— which  definition 
eminent  physiologists  have,  as  we  have  seen,  felt  com- 
pelled ultimately  to  relegate  to  the  realm  of  the  idea. 
In  the  last  chapter  I  showed  how  modern  research  into 
the  phenomena  of  life  has  impressed  upon  our  thoughts 
the  ubiquity,  the  continuity,  and  the  unique  character  or 
singularity  of  life,  without  being  able  to  fix  upon  any  one 
satisfactory    mechanical    definition  of  life.     But  as  we 
ascend  in  the  scale  of  living  things  we  become  aware  of 
another  property :  they  are  centred— i.e.,  they  exhibit  a 
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special  kind  of  unity  which  cannot  be  defined,  a  unity 
which,  even  when  apparently  lost  in  the  periods  of  un- 
consciousness, is  able  to  re-establish  itself  by  the  wonder- 
ful and  indefinable  property  called  "  memory  " — a  centre 
which  can  only  be  very  imperfectly  localised — a  together 
which  is  more  than  a  mathematical  sum ;  in  fact,  we  rise 
to  the  conception  of  individuality — that  which  cannot 
be  divided  and  put  together  again  out  of  its  parts. 

The  second  property  is  still  more  remarkable.  The 
world  of  the  "  epi-phenomena,"  of  the  inner  processes 
which  accompany  the  highest  forms  of  nervous  develop- 
ments in  human  beings,  is  capable  of  unlimited  growth ; 
and  it  is  capable  of  this  by  a  process  of  becoming  ex- 
ternal :  it  becomes  external,  and,  as  it  were,  perpetuates 
itself  in  language,  literature,  science  and  art,  legislation, 
society,  and  the  like.  We  have  no  analogue  of  this  in 
physical  nature,  where  matter  and  energy  are  constant 
quantities,  and  where  the  growth  and  multiplication  of 
living  matter  is  merely  a  conversion  of  existing  matter 
and  energy  into  special  altered  forms  without  increase  or 
decrease  in  quantity.  But  the  quantity  of  the  inner 
thing  is  continually  on  the  increase  ;  in  fact,  this  increase 
is  the  only  thing  of  interest  in  the  whole  world.  ..^ 

Xow,  no  exact  scientific  treatment  of  the  phenomena 
of  mind  and  body,  no  psycho-physical  view  of  nature,  is 
complete  or  satisfactory  which  passes  by  and  leaves  un- 
defined these  two  remarkable  properties  of  the  inner  life, 
of  the  epi-phenomena  of  nervous  action,  of  consciousness. 
And  it  seems  to  me  that  Prof.  Wundt  is  the  only  psycho- 
physicist  who,  starting  from  science  and  trying  to  pene- 
trate by   scientific   methods  into  the  inner   or   psychic 


38. 
Externalisa- 
tion  and 
growth  of 
mind. 
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world,  has  treated  the  subject  comprehensively,  and  faMy 
and  fully  tried  to  grapple  with  these  two  facts  peculiar 
to  the  inner  world — its  centralised  unity  and  its  capacity 
of  unlimited  growth  through  a  process  of  externalisalion. 
He  has  done  so  by  his  philosophical  theory  of  "ap- 
perception and  will,"  and  of  the  "growth  of  mental 
values,"  two  conceptions  which  lead  us  into  the  realm 
of  philosophical  thought.^ 

But,  before  closing  this  chapter,  which  deals  with  the 
study  of  the  phenomena  of  an  inner  life  and  the  inter- 
action of  body  and  mind  by  the  methods  of  exact  research, 
it  is  well  to  note  that  long  before  psychology  existed  as 
a  natural  science,  a  large  amount  of  knowledge  had  been 
accumulated  by  a  different  method.  Especially  in  this 
country— ever  since  the  time  of  Locke— there  has  existed 
a  very  large  and  intluential  school  of  thinkers  who  studied 
the  inner  phenomena  by  what  has  been  appropriately 
termed  the  inner  sense;  every  observer  recording  his 
own  inner  experience  and  leaving  it  to  others,  by  doing 
the  same,  to  confirm  or  correct  his  statements.  Psy- 
chology, carried  on  through  self-observation  or  by  the 


1  It  would  s^rve  no  good  pur- 
pose to  strinj?  together  a  list  of 
quotations  from  Prof.  Wundt  s 
voluminous  writings  in  which  these 
two  central  ideas  of  his  philosophy 
find  expression,  especially  as  there 
is  no  one  passage  to  be  found  in 
which  his  highest  abstractions  and 
final  conclusions  find  an  adequate 
expression,  still  less  one  which  could 
be  conveniently  rendered  in  the 
English  language.  Konig  has,  it 
seems  to  me,  done  much  to  make 
Wundt's  view  more  easily  under- 
stood, and  I  must  content  myself 
at  present  with  referring  to  his  little 


volume,  notably  to  the  extracts 
given  on  pp.  134,  141,  and  167, 
which  explain  more  clearly  the 
theory  of  apperception  and  will. 
On  the  theory  of  the  "growth 
of  mental  values,"  see  especially 
Wundt,  'System  der  Philosophie' 
(2  Aufl.,  pp.  307,  596),  "Mental 
life  is,  extensively  and  intensively, 
governed  by  a  law  of  growth  of 
values:  extensively,  inasmuch  as  the 
multiplicity  of  mental  developments 
is  always  on  the  increase  ;  inten- 
sively, inasmuch  as  the  values 
which  appear  in  these  develop- 
ments increase  in  degree  "  (p.  304). 
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introspective  method,  had  grown  to  large  dimensions  in       4o. 

•^  Introspec- 

Scotland  and  in  England,  long  before  Herbart  and  Beneke  tiv^ method. 
in  Germany  gave  it  a  similar  direction.  In  fact,  most 
of  the  writings  of  the  introspective  school  in  Germany, 
which  dates  from  the  middle  of  the  century,  is  con- 
cerned with  the  material  accumulated  by  British  psycho- 
logists. And  even  the  psycho  -  physical  method  itself 
would  carry  us  only  a  little  way  if  its  results  and  obser- 
vations could  not  continually  be  checked,  supplemented, 
and  interpreted  by  what  we  already  know  by  introspec- 
tion. One  of  the  foremost  representatives  of  the  Eng- 
lish school  of  psychology  has  said,  and  many  will  agree 
with  him,^  "  in  our  desire  to  know  ourselves — to  frame 
some  conception  of  the  flow  of  our  feelings  and  thoughts 
— we  work  at  first  by  introspection  purely ;  and  if  at  a 
later  stage  we  find  means  of  extending  and  improving 
our  knowledge,  introspection  is  still  our  main  resort — 
the  Alpha  and  Omega  of  psychological  inquiry  :  it  is  alone 
supreme,  everything  else  subsidiary.  Its  compass  is  ten 
times  all  the  other  methods  put  together,  and  fifty  times 
the  utmost  range  of  psycho-physics  alone." 

A  history  of  Thought  must  accordingly  contain  some 
account  of  the  view  which  our  century  has  taken  of  the 
introspective  method  and  the  value  of  the  inner  sense  as 
a  means  of  enlarging  our  knowledge.'^     This  discussion 


^  See  Prof.  Bain's  essay  in '  Mind,' 
2nd  series,  vol.  ii.  p.  42 :  "  The 
respective  Spheres  and  mutual 
Helps  of  Introspection  and  Psy- 
cho-physical Experiment  in  Psy- 
chology." 

-  One  result  of  the  modern  psycho- 
physical view,  or  of  the  doctrine  of 
parallelism  of  physical  and  mental 


states,  has  been  not  only  to  develop 
a  clearer  view  of  physiological  psj'^- 
chology,  but  also  to  define  more 
clearly  the  object  of  psychology 
proper  —  that  is,  of  the  science 
which  deals  with  the  facts  revealed 
by  introspection.  When,  in  the 
middle  of  the  century,  the  physiol- 
ogy  of    the    senses   attracted   the 
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will  in  a  future  volume,  form  one  of  the  appropriate 
links  which  join  science  to  philosophy— which  lead  us 
on  from  exact  to  speculative  thought.  At  present  I  have 
to  refer  to  another  and  very  extensive  field  of  research, 
into  which  the  natural  as  well  as  the  speculative 
philosopher  have  been  led  from  opposite  sides,  and  which 
especially  affords  a  hopeful  prospect  for  an  enlargement 
of  the  psycho-physical  view  of  nature.  If  the  natural 
philosopher  cannot  consistently  and  fairly  enter  into  the 
mysteries  of  an  inner  consciousness  from  which  his 
opponent— the  speculative  philosopher— starts,  he  may 
perhaps  do  so  by  a  roundabout  way  or  a  side-door. 

As  I  stated   above,  the  inner  world,  the    psychosis, 
which  intermittently  accompanies  the  neurosis,  the  epi- 


attention  of  psychologists  in  all  the 
three  countries,  it  became  custom- 
ary to  introduce  purely  psycholog- 
ical treatises   by  an  exposition  of 
the   psycho-physical   relations,    in- 
troducing into  psychology  chapters 
from  physiology.    The  consequence 
of  this  has  been  that  modern  works 
on   psychology  have  grown  to  in- 
ordinate   length,    and    frequently 
exhibit  a  dual  aspect  and  method. 
Quite  recently  it  has  therefore  been 
insisted    on    that    psychology   can 
be  written  either  from  the  physio- 
logical or  from  the  purely  psycho- 
logical   point    of     view.      A    good 
example  of   the  latter  is  Prof.  G. 
F     Stout's  'Analytic   Psychology 
(2  vols. ,  1896).     "  Physiological  re- 
sults," he  says  (vol.  i.  p.  37 ),  "are 
likely  to  be  valuable  only  in  pro- 
portion as  they  are  controlled  and 
criticised  by  psychological  analysis. 
This  holds   good  apart   from   con- 
sideration   of     such    metaphysical 
questions   as   whether    the    brain- 
process  is  the  sole  real  agency,  and 
consciousness  a  mere  function,  or 
consequence,  or  epi  -  phenomenon  ; 


or    whether    consciousness    is   the 
reality    of    which    the     correlated 
brain-process  is  a  phenomenon.,  or 
whether  they  are   two   aspects   of 
the  same  fact.     Whatever  may  be 
our  attitude  to  such  questions,  the 
psychologist  has  still  his  own  work 
to  do  on  his  own  lines  ;  and  for  the 
sake  of  physiology  itself,  so  far  as 
it  entertains  the  hope  of  throwing 
light  on  the  mechanism  of  brain- 
processes,  he  must  attempt  to  do 
it.     It  is  idle  to  require   psychol- 
ogy to  wait    for  the   progress    of 
physiology.      Such    a    demand    is 
logically  parallel  to  a  demand  that 
history  or  biography,  or  the  prac- 
tical   estimate   of    character     and 
anticipation    of    men's   actions   in 
ordinary  life,  shall  come  to  a  stand- 
still until   they   have    a  sufficient 
physiological  basis.     On  this  vle^^•, 
Carlyle     should     have     abstained 
from    writing   his   'French  Revol- 
ution,' because  he   did   not  know 
what     precise     configuration    and 
motion   of   brain    particles    deter- 
mined the  actions  of  the  mob  who 
stormed  the  Bastille." 


The 
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phenomenon  which  lies  on  the  other  side  of  the  phe- 
nomenon, is  not  only  characterised  by  a  peculiar  unity  or 
centred  connectedness  which  we  look  for  in  vain  in  the 
external  and  physical  world  ;  it  has  also  become  external 
or  objective,  it  has  detached  itself  from  the  subjective  tive 
and  hidden  source  from  which  it  sprang,  and  can  be 
studied  as  such  in  the  great  creations  of  language,  litera- 
ture, society,  science,  art,  and  religion.  Why  not  study 
its  nature  and  its  life  in  these  great  and  undeniable 
manifestations,  and  instead  of  beginning  at  the  hidden 
source,  the  unknown  and  indefinable  centre,  try  to  reach 
this  by  beginning  at  the  periphery,  measuring  out  the 
great  circle  and  learning  what  it  contains  ? 

Ancient  philosophy,  which  found  its  consummation  in 
the  writings  of  Aristotle,  had  already  begun  this  work, 
and,  in  establishing  the  rules  of  grammar  and  logic,  had 
furnished  the  material  for  many  modern  speculations. 
What  the  ancients  had  only  begun,  modern  thinkers  of 
the  most  opposite  schools  have  been  induced  to  continue 
on  more  methodical  lines,  and  with  the  more  or  less 
distinct  object  of  learning  something  definite  regarding 
that  mental  life  and  unity  which  they  have,  with  little 
success,  tried  long  enough  to  reach  by  various  direct 
roads,  such  as  introspection,  speculation,  physiological 
and  psycho-physical  experiment.  Accordingly  we  find 
springing  up  almost  simultaneously  in  the  three  coun- 
tries, ever  since  the  latter  part  of  the  eighteenth  century, 
the  study  of  mankind  or  of  human  culture  in  all  its 
historical  forms.  Hume  and  Adam  Smith,  Montesquieu, 
and  the  French  physiocrats,  studied  society  and  the  great 
fabric  of  industry  and  commerce ;  Cabanis  and  the  "  Ideo- 
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logues  "  pointed  to  the  importance  of  the  philosophical 
study  of  language  and  grammar ;  the  idealistic  school  in 
Germany  ended  by  leading  to  the  study  of  the  objective 
mind  in  history,  art,  and  philosophy;  the  school  of 
Herbart  in  Waitz,  Lazarus,  and  Steinthal  led  into 
"  Volkerpsychologie  "  and  "  Sprachwissenschaf t "  ;  and  it 
is  well  known  how  in  our  days  the  synthetic  philosophy 
of  Mr  Herbert  Spencer  in  England  has  entered  on  the 
study  of  sociology  on  the  large  scale.  We  hear  on  all 
sides  of  natural  histories  of  mankind,  of  society,  of  re- 
ligion, &c.,  and  they  appear  either  in  the  modest  attire  of 
the  other  and  older  natural  histories  which  we  have  been 
accustomed  to,  preparing  the  ground  by  patient  and 
unbiassed  collection  of  facts,  or  they  attach  themselves 
to  certain  philosophical  theories,  such  as  are  furnished  by 
the  dialectics  of  Hegel,  or  by  the  evolutionary  doctrine 
of  Darwin  and  Spencer,  in  connection  with  which  we  shall 
meet  them  in  a  future  section  of  this  work.  For  it  has 
been  found  here,  as  it  had  been  in  the  older  natural 
histories,  that  the  accumulation  of  facts  and  materials 
was  of  little  use  unless  some  leading  idea  was  at 
hand  by  which  it  became  possible  to  regulate  and 
arrange  them. 

Thus  we  see  how  the  psycho-physical  problem — the 
question  of  the  interaction  of  mind  and  body,  of  soul  and 
nature,  of  the  inner  and  the  outer  worlds — is  being 
attacked  from  two  entirely  different  sides, — from  the 
side  of  the  individual  and  from  that  of  the  collective 
life  of  the  human  being :  the  mental  principle  is  being 
studied  in  its  inner  and  hidden  existence  as  the  unifying 
and  centralising  factor  of  individual  life,  or  in  its  ex- 
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ternal  manifestations  in  history,  society,  science,  art, 
industry,  and  religion, — in  fact,  in  the  history  of  culture 
and  civilisation.  If  Bishop  Berkeley  has,  with  some 
propriety,  been  called  "  the  historical  starting-point  "  of 
psycho-physical  investigation  of  the  first  kind,  the  im- 
portance   of    that    of    the   second    and    wider    kind    is 

nowhere  more  clearly  and  definitely  expressed  than 

over  a  century  ago— in  the  writings  of  Johann  Gott-  its  st'udy 
fried  Herder.^     His  influence  in  this  direction  was  very  Eef  ^^ 


^  The  influence  of  Herder  (1744- 
1803)  on    German    literature    and 
thought  was  fully  acknowledged  by 
his   contemporaries,  as  is  testified 
by  the  frequent  references  to  him 
in  the  biographies  of  nearly  all  the 
eminent  men  who  lived  at  the  end 
of  the  eighteenth  and  the  beginning 
of  the  nineteenth  centuries,  as  also 
in  the  voluminous  correspondence 
which   he   carried    on    with    many 
eminent    contemporaries.     Had    it 
not  been  for  the  overpowering  and 
one-sided  influence  which  the  criti- 
cal, and,  later,  the  transcendental, 
schools    of    thought    gained,    not- 
ably  at  the  German    universities, 
Herder's   ideas    would    have    been 
more    generally    acknowledged    as 
forming,  to   a   very   great   extent, 
the  starting-point  of  many  lines  of 
research    which    were   not   exclus- 
ively   controlled     by     the     ruling 
philosophies,  and    which   gradually 
and  imperceptibly  united  at  a  later 
date  to    form    the    more    modern 
current      of       German      thought. 
Herder     was     much     more    allied 
with  the    historical   studies  refer- 
ring   alike    to    nature,    literature, 
and  culture,  than  with  the  critical 
and    metaphysical    systems,    being 
also    well    acquainted    with    con- 
temporary    English     thought,    as, 
inter  alia,  with  the  curious  writ- 
ings of  Lord  Monboddo.     Through 
Madame    de    Stael,    who    was    in- 


j   timate  with    Herder,  his    writings 
vvere     early     known     in     France, 
whereas      Carlyle's       studies      in 
German    literature,    though    most 
valuable    and     original    in      their 
way,  do  not  give  that  prominence 
i  to   Herder's    writings    which    they 
deserve.       In  more   recent   times, 
!  after    the    indefatigable    Diintzer, 
j   through     the   publication    of     his 
I   correspondence,    had    done     much 
to    revive    the    interest    in    Her- 
der,  full    justice    has    been    done 
to     his    great     merit    by    Rudolf 
Haym,  whose  great  work,  '  Herder 
nach    seinem     Leben    und    seinen 
Werken'   (2     vols.,    Berlin,    1885), 
is    a    perfect     mine    of    informa- 
tion.    The  side  of  Herder's  influ- 
ence    which     is     not     sufficiently 
dwelt  on  by  Haym,  but  which  in- 
terests us  most  at  present, — what 
we   may    call    his    anthropological 
view, — had  already  been  exhaust- 
ively dealt  with   by   Dr  Heinrich 
Boehmer      in      his      little -known 
'  Geschichte  der  Entwickelung  der 
Naturwissenschaftlichen      Weltan- 
schauung in  Deutschland'  (Gotha, 
1872),    who    especially    draws    at- 
tention to  the  psycho-physical  ideas 
of  Herder.     It  has  been  truly  said 
that  there  is   hardly  any  modern 
idea  which    has  found   widespread 
application  that  cannot   be  traced 
in    the    writings    of    Herder ;  but 
Herder    had    no    method,    having 


r 


532 


SCIENTIFIC   THOUGHT. 


great,  and  would  have  been  greater  had  he  not  lived  at 
a  time  when  the  study  of  the  human  mind  by  the  purely 
introspective  or  speculative  methods  had  absorbed  all 
philosophical  interest  in  England  and  Germany.  His 
opposition  to  the  (abstract)  subjective  philosophy  of 
Kant  and  Pichte  made  him  unpopular;  he  was  only 
half  understood  at  the  time ;  and  only  towards  the  end 
of  our  century  have  his  ideas  been  recognised  as  con- 
taining the  clear  conception  of  psycho-physics  on  the 
large  scale — i.e.,  of  the  natural  history  of  humanity,  the 
genesis  and  evolution  of  the  objective  mind. 

Herder  was  a  pupil  of  Kant  during  his  pre-critical 
period.  He  was  still  more  influenced  by  great 
naturalists  like  Haller,  Buffon,  Camper,  Sommering, 
Forster,  and  Blumenbach,  who  through  physiology,  com- 
parative anatomy,  and  ethnology,  attempted  to  bring  the 
study  of  the  human  race  and  its  mental  development  into 
connection  with  that  of  the  brute  creation,  of  the 
surrounding  plant-life,  of  the  characteristics  of  climate 
and  soil,  and  of  the  great  natural  features  of  sky  and 
landscape.  He  did  not  believe  that  we  could  study 
the  great  forces  of  nature  and  mind  from  inside  or  in 
the  abstract— he  desired  to  follow  Haller's  physiology,  to 
complete  and  continue  it  into  psychology.      Irritability,^ 


characteristically  maintained  that 
method  is  frequently  only  a  con- 
vention, and  he  was  deficient  in 
critical  acumen.  The  German  mind 
had  to  go  through  the  severe  dis- 
cipline of  the  school  of  mathemati- 
cal and  critical  thought,  and  to 
ama^^s  an  enormous  volume  of  ex- 
perimental and  historical  know- 
ledge, before  the  brilliant  conception 
of  Herder  in  his  great  work  '  Ideen 


zur  Geschichte  der  Menschheit '  (4 
pts.,  1784-87)  could  be  partially  re- 
alised by  A.  von  Humboldt  in  his 
'Kosmos'  (1841-59),  and  by  Lotze 
in  his  '  Microcosmus '  (1856-64). 
See  especially  the  preface  to  the 
latter. 

^  See  above,  p.  471,  on  a  similar 
development  of  Haller's  teaching 
through  Cabanis  in  France  some- 
what later  in  time. 
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the  highest  physical  phenomenon  of  matter,  was  to  be 
the  starting-point  of  this  psychology.  In  an  early 
essay  on  understanding  and  sensation  (1778)  he  wrote: 
"According  to  my  thinking  there  is  no  psychology 
possible  which  is  not  at  every  step  definite  physiology. 
Haller's  physiological  work  once  raised  to  psychology, 
and,  like  Pygmalion's  statue,  enlivened  with  mind,  we 
shall  be  able  to  say  something  about  Thought  and 
Sensation." 

But  this  psycho-physiological  view  was  not  limited  to 
the  study  of  the  individual :  it  widened  out  and  em- 
braced the  whole  of  mankind ;  nature  on  a  large  scale 
had  to  be  observed ;  historical  records  had  to  be  collected 
on  all  sides ;  origins  had  to  be  studied  and  the  elementary 
forces  followed  up  in  the  beginnings  of  poetry,  art,  and 
religion.  Materials  were  gathered  everywhere  from  his- 
torians, chroniclers,  travellers,  primitive  records,  and  the 
"voices  of  the  peoples."  All  this  was  to  furnish  the 
materials   for    a  "History    of    Mankind."        "In   many 


^  "Vom  Erkennen  und  Emp- 
finden  der  menschlichen  Seele " 
(1778),  in  the  9th  vol.  of  the 
Works  of  Herder  ('Abtheilung 
zur  Philosophic  und  Geschichte,' 
1828).  To  give  an  idea  of  Herder's 
anticipation  of  modern  views,  see 
p.  10:  "We  cannot  penetrate 
deeper  into  the  genesis  of  sensa- 
tion than  to  the  remarkable  phen- 
omenon called  by  Haller  'Reiz.' 
The  irritated  fibre  contracts  and 
expands  again  ;  perhaps  a  '  stamen,' 
the  first  growing  sparklet  of  sensa- 
tion, towards  which  dead  matter 
has  purified  itself  by  many  steps 
and  stages  of  mechanism  and  or- 
ganisation." Many  passages  could 
be  quoted  from  Herder's  'Ideen,' 
&c.,  and  other  writings,  anticipating 


modern  Darwinian  ideas,  such  as 
those  of  the  struggle  for  existence, 
and  even  of  automatic  selection.  See 
Prof.  J.  Sully's  appreciative  article 
on  Herder  in  the  '  Ency.  Brit. ' 
(9th  ed.),  and  notably  Fr.  von 
Biirenbach,  '  Herder  als  Vorganger 
Darwin's '  (Berlin,  1877).  Hayni 
( 'Herder,'  vol.  ii.  p.  209)  objects  to 
this  extreme  view  of  Herder  as  a 
forerunner  of  Darwin  on  the  ground 
that,  according  to  the  former,  no 
animal  in  its  development  ever  for- 
sook that  adjustment  of  organic 
forces  peculiar  to  it,  nature  having 
kept  each  being  within  the  limits 
of  its  type.  Accordingly,  Herder's 
evolutionism  would  be  more  akin  to 
that  of  K.  E.  von  Baer  than  to 
that  of  Darwin  and  Haeckel. 
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43.       parts,"  he  says/  ''my  book   shows   that  one  cannot  as 
of MankimL'  ygt  write  a  philosophy  of  human  history,  but  that  per- 
haps one  may  write  it  at  the   end  of   our  century   or 

of  our  chiliad." 

And  indeed  the  whole  of  our  own  century  has  been 
busy    in    carrying  out    this    prophetic    programme    of 
Herder's,  consciously  as  planned  by  him  in  Germany — 
unconsciously  and  independently  in  other  countries.     As 
a  counterpart  to  the  introspective  labours  of  Kant  and 
their  followers,  a  large  array  of  naturalists,  historians, 
philologists,  and  ethnologists  have  in  the  spirit  of  Herder 
ransacked  every  corner  of  the  globe  and  every  monument 
of  history  with  the  distinct  object  of  tracing  there  the 
physical  basis  and  the  workings  of  that  inner  and  hidden 
principle  which  we  call  the  human  mind.     In  doing  this, 
thev  or   their   numerous   followers,  who   belonged  to  a 
generation  which  knew  not  Herder,  have  strayed  far  away 
from  the  common  starting-point,  and  have  frequently  lost 
themselves  in  the  bewildering  details  of  special  research. 
Above  all,  in  the  country  to  which  Herder  belonged,  a 
sepaSion    Separation  set  in  early  in  the  century  between  what  have 
and  meSii    bccu  termed  the  natural  and  the  mental  sciences.     The 
former   came   more   and    more  under   the  sway    of   the 
mathematical  spirit,  which,  as  I    showed    in  an  earlier 
chapter,  turned  the  eyes  of  its  votaries  away  from  their 
own  national  scientific  literature  to  that  of  their  neigh- 
bours—first to  France,  latterly  to  England.     The  mental 
sciences,  on  the  other  hand,— history,  philology,  the  social 
sciences,— came  under  the  influence  of  exactly  those  phil- 
osophical ideas  which  Herder  never  understood  nor  assimi- 

i  See  the  preface  to  the  first  part  of  the  '  Ideen,'  1784. 


ON   THE   PSYCHO-PHYSICAL    VIEW   OF   NATURE.       535 

lated :  ^  the  critical  spirit  of  Kant,  and  the  constructive 
canons  of  his  successors,  each  of  these  distinct  and  separate 
movements,  supplied  exactly  what  was  wanting  in  the 
prophetic,  not  to  say  dithyrambic,  utterances  of  Herder ; 
they  supplied  coherence  and  method.  Earlier  chapters 
of  this  book  have  shown  how  the  mathematical  spirit 
has  permeated  and  revolutionised  the  natural  sciences, 
and  latterly  how  it  has,  in  the  science  of  psycho-physics, 
led  philosophers  back  to  the  problem  which  Herder  had 
adumbrated  at  the  end  of  the  previous  century.  A 
second  large  department  of  my  task  will  consist  in 
showing  how  what  in  Germany  are  called  the  mental 
sciences  have  been  developed  independently  of  the 
natural  sciences,  how  the  study  of  the  mind  as  such 


^  During  the  latter  part  of  his 
life  Herder  was  occupied  to  a  great 
extent  with  those  publications  in 
which  he   gave   expression   to  the 
opposition   which    he    consistently 
maintained  to  the  critical  writings 
of  his  master  Kant.    His  two  princi- 
pal works  referring  to  this  are  '  Eine 
Metakritik  zur  Kritik  der  Reinen 
Veruunft '  (2  parts,  1799)  and  '  Kal- 
ligone '  (1800).     Kant  had  reviewed 
the  first  volume  of  Herder's  greatest 
work,   the    'Ideen,'   anonymously, 
criticising   the    absence   of   logical 
acumen  and  clear  definitions,  and 
also  the  attempt  towards  a  genetic 
as  opposed  to  a  critical  treatment 
of  the  intellect,  the  former  being 
an    enterprise    "which    transcends 
the  powers  of  human  reason,  whe- 
ther the  latter  gropes  with  physi- 
ology as  a  leader,  or  attempts  to 
soar   with    metaphysics."      In   the 
second  part  of  the  '  Ideen  '  Herder 
had  taken  up  a  polemical  attitude 
to  Kant's  teachings,  and  Kant  had 
again   reviewed   it,  dwelling   upon 
the    uncritical    manner    in   which 
Herder  had  built  up  his  hypotheses 


on  unsifted  material  gathered  from 
all     sides.      In    the    '  Metakritik ' 
Herder,  irritated  by  what  he  con- 
sidered the  arrogance  of  the  Kant- 
ian school,  undertook  to  put  into 
systematic   form    his    criticism    of 
Kant's    principal    work,    following 
to  a  great  extent  the  suggestions 
thrown  out  by  a  mutual  friend  of 
himself  and  Kant,   Johann   Georg- 
Hamann  (1730-80),  and  falling  back 
upon    the    earlier   philosophies   of 
Spinoza   and   Leibniz   on   the   one 
side,  and  upon  the  common -sense 
philosophy  of  the  Scottish  school  on 
the  other,  seeking  for  a  solution 
of   the   problems   raised   by    both, 
not  in  abstract   i-easoning,  but  in 
the  realism  of  the  concrete  and  the 
historical   sciences.     In    the   'Kal- 
ligone,'    Herder    similarly   attacks 
Kant's  aesthetical  philosophy  ('  Kri- 
tik der  Urtheilskraft,'  1790),  which 
had  been  enthusiastically  received 
in  Herder's  immediate  neighbour- 
hood by  Schiller.     A  full  account  of 
these  controversies  will  be  found  in 
the  2nd  vol.  of  Haym's  work. 
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in  its  individual  and  collective  existence— has  proceeded 
when  separated  from  that  of  nature.  This  survey  will 
start  with  exactly  that  movement  of  thought  which  was 
so  distasteful  to  Herder,  the  critical  inquiry  of  Kant, 
and  it  will  follow  this  up  to  the  point  when  in  our  days 
a  junction  has  again  been  attempted,  not  unlike  in  spirit 
to  that  dreamt  of  by  Herder,  though  very  much  more 
accurate  and  precise  in  method.  There  is,  moreover,  one 
special  problem  where  this  has  been  markedly  the  case ; 
one  phenomenon  stands  out  pre-eminently;  it  belongs 
equally  to  the  realm  of  nature  and  of  mind.  After 
being  independently  attacked  by  philosophers,  naturalists, 
travellers,  philologists,  and  latterly  by  physicists,  it  has 
revealed  itself  as  the  psycho-physical  problem  jpar  ex- 
cellence; and  it  is  exactly  that  which  Herder  himself 
45.  treated  with  special  attention.  This  phenomenon  is  that 
onin^lJe'.'  of  human  speech — the  problem  of  language.^ 


^  The  problem  of  language  and 
the    question    of    its   origin    inde- 
pendently occupied  thinkers  in  the 
three  countries  in  the  latter  half  of 
the  eighteenth  century.     In  France 
the    followers    of    Locke,    notably 
Condillac  ( '  Essai  sur  I'origine  des 
connaissances    humaines,'  vol,    ii.), 
wrote  on  the  subject,  while  Rousseau 
opposed      them     ('Sur     I'inegalite 
parmi    les    hommes,'    1754).       In 
Germany  the  Pastor  Siissmilch,  of 
whom  I  shall  have  more  to  say  in 
the   next   chapter,  wrote   an  elab- 
orate  work    to   prove    the    divine 
origin   of   language    (*  Beweis   dass 
der    Ursprung    der    Menschlichen 
Sprache  Gottlich  sei,'  Berlin,  1776). 
In  order  to  settle  the  question  the 
Academy  of  Berlin  offered,  in  the 
year  1769,  a  prize  in  the  following 
terms  :  "  En  supposant  les  hommes 
abandonnes  k  leurs  facult^s  natu- 


relles,  sont-ils  en  etat   d'inventer 
le   Ian  gage  ?    et   par  quels  moyeiis 
parviendront-ilsd'eux-memesacette 
invention  ?"  a  problem  which  Her- 
der characterised  as  a  "  truly  philo- 
sophical  one,   and   one    eminently 
suited  for  me."     He  had  already- 
following  Hamann — thought  much 
about  the  subject,  and  he  proposes, 
in  his  prize  essay,  which  was  sub- 
sequently crowned  by  the  Academy, 
"  to  prove  the  necessary  genesis  of 
language    as    a    firm    philosophical 
truth."     A  short  time  after  Her- 
der had  written  his  essay  (1771), 
there    appeared    in    England,    by 
James  Burnett,  Lord  Monboddo,  a 
work  '  On  the  Origin  and  Progress 
of  Language'  (1773),  in  which  he 
refers  to  the  ideas  of  James  Harris 
in  his  work  '  Hermes  ;  or  a  Philo- 
sophical Enquiry  concerning  Lan- 
guage   and    Universal     Grammar 
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In  no  department  of  knowledge  has  the  scientific 
spirit  worked  a  greater  change  than  in  the  science  of 
language.  With  the  exception  of  suggestions  by  Leibniz, 
who  clearly  saw  the  necessity  of  founding  the  theory  of 
language  on  a  broader  basis  than  the  small  number  of 
classical  and  modern  tongues  then  current  afforded, 
and  of  some  glimpses  of  a  correcter  view  such  as  those 
contained  in  the  much  ridiculed  writings  of  Lord  Mon- 
boddo, we  find,  up  to  the  end  of  the  eighteenth  century, 
hardly  any  attempt  towards  a  methodical  treatment  of 
the  great  problem.  Philosophical  theories  and  vague 
etymologies,  amounting  frequently  to  little  more  than 
punning  with  words,  brought  the  subject  into  ridicule. 
Herder  has  the  great  merit  of  having  urged  the  im- 
portance of  the  study  of  language  and  literature  in 
primitive  forms  ^  as  the  great  gateway  into  anthropology 


(1751).    The  question  attracted  con- 
siderable attention,  partly  through 
the    eccentricities   of    Lord    Mon- 
boddo, of  which  it  has  been  well 
said    that     they    appeared     more 
ridiculous   to   his   own    than    they 
would   to  the   present  age,  partly 
through     the     controversy    which 
arose  shortly  after   on    the  publi- 
cation of  Home  Tooke's  celebrated 
'"ETTfa  irre/xJcj/Ta,  or  the  Diversions 
of    Purley'    (1786).     Herder    was 
acquainted  with  Monboddo's  work, 
having  occasioned  a  translation  of 
it  to  be  made  and  written  a  preface 
(1787) ;   but  he  does  not  seem  to 
have  taken   any   notice   of   Home 
Tooke   (1736-1812),   who,   as    the 
historian   of   the   science   of   lang- 
uage (Theodor  Benfey,  '  Geschichte 
der  Sprachwissenschaft,'  Miinchen, 
1869)  says,    would,   for   his   novel 
ideas  and   method,  deserve   to   be 
put  at  the  entrance  of  the  modern 
linguistic  epoch,  had  he  been  able 


to  avail  himself  of  a  knowledge  of 
Sanskrit. 

^  This  refers  to  the  second  gi-eat- 
est  work  of  Herder,  his  collection 
of  popular  songs,  published  under 
the  significant  title  of  "Voices  of 
the  Peoples  "  ('  Stimmen  der  Volker 
in  Liedern,'  1778),  a  work  which 
had     the     greatest     influence     on 
German   literature   as   well   as   on 
modern   philological    studies.     See 
Benfey,  loc.  cit.,  p.  316,  &c.     That 
the     publication     of    the    '  Percy 
Ballads'    (1765),    of    Macpherson's 
'  Ossian,'  and  of  Lowth's  *  Lectures 
on  Hebrew  Poetry '  (1753),  formed 
a  great  stimulus  to  Herder  in  his 
historical   and   poetical    studies   is 
shown  by  Haym  in  many  extracts 
and  passages,  also  in  the  prefaces 
of     Herder     himself     and    of    his 
editor,  Joh.  von  Miiller  (Herder's 
*Werke,'      1828,      'Zur     schonen 
Literatur    und    Kunst,'  vols.    vii. 
and  viii.) 
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46. 
Its  exact 
treatment. 


and  the  science  of  humanity.  Through  his  writings 
there  rose  two  distinct  views  both  fruitful  for  thought, 
the  philosophico-historical  and  the  strictly  scientific.  His 
immediate  successors,  or  rather  those  who  unconsciously 
imbibed  the  spirit  of  his  writings,  took  up  the  former 
line.  The  great  development  of  classical  philology  in 
the  school  of  Wolf,  the  discovery  of  Sanskrit  and  the 
new  field  of  oriental  philology,  for  a  time  threw  the 
purely  scientific  aspect  into  the  background.  Yet  at 
the  same  time  with  Wilhelm  von  Humboldt  and  his 
philosophical  interests  in  comparative  philology,  we  find 
his  brother  Alexander  giving  a  large  share  of  his  atten- 
tion to  the  unknown  languages  of  the  New  World,  of 
which  he  has  been  called  "  the  scientific  discoverer." 

But  the  real  beginnings  of  an  exact  treatment  of  the 
problem  of  speech  were  laid  by  one  who  did  not  come 
under  the  conscious  influence  of  Herder,  though  he  came 
under  that  of  Goethe.  By  Johannes  Mliller  it  was 
carried  further,  and  it  was  completed  by  some  of  his 
most  illustrious  pupils  and  followers — Bonders,  Briicke, 
Helmholtz,  and  Czermak  of  Vienna.  Through  the 
anatomical  and  physiological  labours  of  these  and  other 
naturalists,  joined  to  the  physical  analysis  of  musical 
notes  '  and  sounds  contained  in  the  great  work  of 
Helmholtz  on  Acoustics,  aided  by  such  instruments  as 
the  laryngoscope  or  throat-mirror,  and  the  wonderful 
inventions  of  the  phonograph  and  phonautograph,  the 
orcran  of  speech  is  now  known  to  be  a  complicated  wind 
instrument  by  which  pure  notes  and  an  almost  infinite 
variety  of  nasal,  labial,  dental,  palatal,  guttural,  and  other 
sounds  can  be  produced  which  form  the  phonetic  ele- 
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ments  of  speech.  Simultaneously  the  discovery  by  Broca, 
in  1861,  of  the  speech  centre  in  the  brain  marked  an 
epoch  on  the  physiological  side.^  A  new  science,  called 
Phonetics  or  Phonology,  has  sprung  up,  and  is  now  •  47. 
universally  admitted  to  have  created  the  modern  science 
of  language.^  In  addition  to  this  physiological  and 
physical    basis,    the    superstructure    of    the    science    of 


^  This    localisation     places     the 
speech   centre  in  "a  very  circum- 
scribed    portion    of    the    cerebral 
hemispheres,   and    more    especially 
of  the  left.    This  portion  is  situate 
on  the  upper  edge  of  the  Sylvian 
Fissure,    opposite     the     island     of 
Reil,    and    occupies    the    posterior 
half,    probably  only   the   posterior 
third,  of  the  third  frontal  convolu- 
tion"   (Broca,    'Bulletins     de     la 
Societe   anatomique,'   1861).      The 
discovery    resulted    from    the    ex- 
amination of  the  brain  of  patients 
who  had  been  afflicted  with  "aph- 
asia,'* wliich  is  accompanied   with 
"a  lesion  of  the  posterior  half  of 
the  third,  left  or  right,  frontal  con- 
volution,   nearly   always — nineteen 
times  out  of   twenty — of  the  left 
convolution."       The     phenomenon 
of    aphasia    has    ever    since    been 
one  of   the   great    psycho- physical 
problems     bringing     together    the 
most  refined  and  intricate   physi- 
ological, psychological,  and  linguis- 
tic analyses.      To  begin  with,   we 
have  to  distinguish  motor  aphasia 
and  sensory  aphasia.     "  Our  know- 
ledge of  this  disease  has  had  three 
j^tages  :  we  may  talk  of  the  period 
of  Broca,  the  period  of  Wernicke, 
and  the  period  of  Charcot.     Wer- 
nicke (1874)  was  the  first   to  dis- 
criminate those  cases  in  which  the 
patient    cannot    even     understand 
speech  from  those  in  which  he  can 
understand,  only  not  talk  ;  and  to 
ascribe    the    former    condition    to 
lesion  of  the  temporal  lobe.     The 


condition  in  question  is  word-deaf- 
ness, and  the  disease  is  auditory 
aphasia.  .  .  .  The  minuter  analy- 
sis of  the  facts  in  the  light  of 
individual  differences  constitute 
Charcot's  contribution  towards 
clearing  up  the  subject"  (James, 
'Principles  of  Psychology,'  vol.  i. 
p.   54).  - 

^  In  the  modern  science  of  lan- 
guage   we    have    one    among    the 
many  cases  where   a  historical   or 
philosophical    science   is   becoming 
an  exact  science  by  attaching  itself- 
to   physics    and    physiologj\^'^6n 
the  other  side  we   have  the  great 
movement   initiated  by  Darwin   in 
the  purely  natural  sciences,  which, 
as  was  shown  above,  relies  on  the 
historical    collection    of   facts    and 
the  judicious  critical  sifting  of  evi- 
dence.      "It   is    phonology,"   says 
Prof.   Sayce  ('Introduction  to  the 
Science  of  Language,'  2  vols.,  1880, 
chap,  iv.),  "which  has  created  the 
modern   science   of    language,   and 
phonology  may  therefore  be  forgiven 
if  it  has  claimed  more  than  right- 
fully belongs  to  it  or  forgotten  tliat 
it  is  but  one  side  and  one  branch 
of  the  master  science  itself.  .  .   . 
It  is  when  we  pass  from  the  out- 
ward   vesture    of    speech    to    the 
meaning  which  it  clothes,  that  the 
science  of  language  becomes  a  his- 
torical  one.      The  inner   meaning 
of  speech  is  the   reflection  of  the 
human  mind,  and  the  development 
of  the  human  mind  must  be  stud- 
ied historically." 
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language  has  likewise   been   stated  to  be   no  longer  a 
historical   or    a    philosophical,   but    to    have    become    a 
physical,  science.      It  is  true  that,  as  with  other  natural 
sciences,  so  also  in  this  case,  the  morphological,  genetic, 
and   biological   aspects   can    be    specially   studied;    also 
analogies  can  be  drawn  betweeen  geology  and  glossology 
as   to  their   mode  of   inductive   reasoning.       The   great 
authority  who  first  took  up  this  novel  position  was  the 
late  Prof.  August  Schleicher  of  Jena,  and  the  same  has 
to  a  great  extent  been  simultaneously  adopted  by  Max 
Miiller  in  his   celebrated  'Lectures  on   the   Science  of 
Language.'      It   is   interesting   to    note    that    Schleicher 
wrote  on  the  'Morphology  of  Language'   in   the   same 
year  in  which  the  '  Origin  of  Species '  appeared,  and  that 
he   reco<^nised   very   early    the   importance   of   Darwin's 
work  for  the  science  of  language.^     This   became   still 
more   evident   on   the    publication,   twelve    years    later, 
of  the  '  Descent  of  Man,'  and  of  '  The  Expression  of  the 


1  On  August  Schleicher  (1821- 
68)  see  a  very  valuable  article  in 
the  'AUgemeine  Deutsche  Bio- 
graphic' (vol.  xxxi.  p.  402  sqq.)  by 
Johannes  Schmidt.  Very  ditferent 
currents  of  modern  thought,  such 
as  we  shall  in  the  sequel  frequently 
have  to  represent  as  opposed  to 
each  other,  the  study  of  the  classical 
and  of  the  modern  languages,  of 
critical  and  comi^arative  philology, 
the  historical  and  the  exact  spirit, 
Hegelianism  and  Darwinism — i.e., 
logical  and  mechanical  evolution 
— the  influence  of  Grimm,  Ritschl, 
and  Bopp,  of  botany  and  gram- 
mar, combined  to  generate  in  this 
remarkable  man  the  conception 
of  linguistic  as  a  natural  science 
in  contradistinction  from  phil- 
ology as  a  historical  science.     The 


principal  works  in  which  he  de- 
veloped his  original  view  were : 
'Die  deutsche  Sprache'  (1860); 
'Compendium  der  vergleichendeu 
Grammatik  der  indogermanischen 
Sprachen '  (1861) ;  'Die  Darwin'sehe 
Theorie  unddie  Sprachwissenschaft' 
(1863) ;  and  'Ueber  die  Bedeutung 
der  Sprache  fiir  die  Naturgeschichte 
des  Menschen '  (1865).  Schleicher's 
ideas  have  been  taken  #p  in  France, 
notably  by  Abel  Hovelacque  ('La 
Linguistique,'  4^"»«  ed.,  1857),  who 
says  of  him  that  "he  had  com- 
pletely liberated  himself  from  meta- 
physical aspirations"  (p.  6).  On 
the  one  -  sidedness  of  the  purely 
physical  theory  of  language  see 
Sayce,  'Introd.  to  the  Science  "i 
Language'  (1880),  vol.  i.  p.  7o. 
&c. 
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Emotions  in  Man   and   Animals '  a  year   after.     These 
writings   did   more   than   any   others   to   impress    upon 
philosophers  the  genetic  or  historical  view,  the  existence 
of  an  unbroken  chain  or  transition  from  the  lower  to  the 
higher  and  the  highest  forms  of  animal  structures,  and 
culminated  in  the  well-known  expression  of  Darwin,  that 
"  in  a  series  of  forms  graduating  insensibly  from  some 
ape-like  creature  to  man  as  he  now  exists,  it  would  be 
impossible  to  fix  at  any  definite  TDoint  when   the   term 
'  man '  ought  to  be  used."  ^     This  dictum  has  been  the 
theme   on  which   endless   variations   have   been   played 
down  to  the  present  day — Prof.  Ernest  Haeckel's  address 
to  the  Congress  of  Zoology  at  Cambridge  in  1898  being 
the  latest  summary  of  the  physical  aspect  of  the  problem. 
But  the  problem  has  also  a  psycho-physical  side,  and  this 
aspect  is  concentrated  in  the  problem  of  language.     Even 
those  philologists  who,  like  August  Schleicher  and  Max 
Miiller,  look  upon  the  science  of  language  as  a  natural 
science,  bring   in   at   this    point    the    accumulated    and 
weighty   evidence   of   the   historical,   psychological,   and 
philosophical  researches  into  the  growth  and  development 
of  human    speech   and    human    thought,   as    absolutely 
negativing  the  possibility  of  a  gradual  transition  from  the        4.s. 

,,,  •mil  1  Tlie  dividing 

brute  to  the  human  creation.     To  the  latter,  language,  une  between 
which  he  considers  to  be  the  union  of  definite  concepts  ^^"t^- 
with  definite  names,  is  the   Eubicon   which  cannot   be 
crossed,^  the  chasm  which  divides  that  portion  of   the 


i 


^  'Descent  of  Man,'  1st  ed.,  vol. 
i.  p.  235. 

2  See  Max  Miiller,  '  The  Science 
of  Thought,' _pamw,  notably  chap, 
iv.  p.  177,  where  he  quotes  and 
maintains  his  dictum  of  1861  ('Lec- 


tures on  the  Science  of  Language,' 
vol.  i.  p.  403):  "Language  is  our 
Rubicon,  and  no  brute  will  dare  to 
cross  it."  Referring  to  Schleicher, 
he  says  (p.  164)  :  "  Professor 
Schleicher,  though  an  enthusiastic 
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living  creation  which  is  capable  of  an  unlimited  develop- 
ment and  an  external  realisation  of  its  inner  life  from 
that  which  has  no  mental  history  or  development :  it  is 
the  point  of  discontinuity  in  the  physical  development. 
The  study  of  language  in  its  physical  and  mental  aspects 
i,e.,  in  phonetics  and  in  sematology — affords,  accord- 
ing to  this  view,  the  only  means  of  penetrating  from 
outside  into  the  inner  world  of  thought :  it  is  the 
psycho-physical  problem  par  excellence — the  "  Science  of 

Thought." 

Inasmuch  as  in  this  latest  development  of  psycho- 
physics  the  whole  of  the  accumulated  material  and 
most  of  the  arguments  have  been  drawn  from  the  his- 
torical and  philological  researches  of  such  thinkers  as 
Schlegel,  W.  von.  Humboldt,  Bopp,  Grimm,  and  their 
followers,  who  were  without  exception  trained,  not  in 
the  mathematical  but  in  the  philosophical  schools  of 
Thought  which  ruled  in  the  earlier  part  of  our  century, 
the  further  consideration  of  their  ideas  belongs  properly 
to  that  portion  of  this  work  which  will  deal  specially 
with  philosophical  thought  and  its  application  in  such 
separate  branches  as  are  presented,  inter  alia,  by  the 
historical  sciences. 


admirer  of  Darwin,  observed  once 
jokingly,  but  not  without  a  deep 
irony,  '  If  a  pig  were  ever  to  say  to 
me,  "I  am  a  pig,"  it  would  ipso 
facto  cease  to  be  a  pig.'  This  shows 
how  strongly  he  felt  that  language 
was  out  of  the  reach  of  any  animal, 
and  constituted  the  exclusive  or 
specific  property  of  man.  I  do  not 
wonder  that  Darwin  and  other 
philosophers  belonging  to  his  school 
should    not  feel    the   difficulty   of 


language   as   it  was   felt  by  Prof. 

Schleicher,  who,  though  a  Dai- 
;   wiuian,   was  also  one  of  our  best 

students  of  the  science  of  language. 
'   But    those   who    know   best   what 

language  is,  and  still  more,  what 

it     presupposes,    cannot,    however 

Darwinian  they  may  be  on  other 
'   points,  ignore    the   veto  which,  as 

yet,  that  science  enters  against  the 
,  last  step  in  Darwin's  philosophy.  ' 
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It  now  only  remains  for  me  to  sum  up  in  a  few  words       49. 

Summary. 

the  leading  conceptions  which  the  psycho-physical  view  of 
nature  has  forced  upon  us.     In  the  last  chapter  I  showed 
how  the  study  of  life  has  in  the  course  of  our  century 
more  and  more  brought  out  the  conviction  that  life  is  a      / 
continuous,   a   ubiquitous,   and   a    unique   phenomenon ; 
an  exhaustive  or  even  a  working  definition  of  life  being 
so  far  hardly  possible.     In  this  chapter  we  have  learnt, 
by  following  the  psycho  -  physical  lines  of  research,  to 
distinguish  another  and  peculiar  side  of  the  higher  forms 
of   living   matter,   that   which   is   commonly  called   the 
mental,  inner,  or  self  -  conscious  side.       This  appeared, 
when  viewed  externally,  as  a  discontinuous  epi-pheno- 
menon — "  eine  Begleiterscheinung  " — of  some  very  com- 
plex physiological  processes  and  anatomical  arrangements 
of  living  matter,  and  as  such  it  exhibits  a  property  with 
which  we  are  otherwise  not  familiar  in  the  visible  pheno- 
mena of  nature — namely,  discontinuity.     Viewed  exter- 
nally, the  inner  phenomena,  which  we  comprise  under 
the  term  "  mind,"  appear  and  disappear,  their  continuity 
being  preserved  in  association  with  the  permanence  of 
the  external   substratum    or   basis   to   which    they  are  ^ 
attached,  and  internally  regained  by  the  indefinable  pro- 
perty of  memory.      But  inasmuch  as  we  have  not  only  an 
external  but  also  an  internal  knowledge  of  at  least  some 
of  these  epi-phenomena,  we  have  had  forced  upon  us  an 
entirely  different  view  of  this  inner  life,  of  mind.     To 
the  inner  view  there   exists  in  self-conscious  beings  a 
centre  of  relatedness — a  special  kind  of  unity  which  we 
call  individuality  or  personality ;  and  this  inner  unity  is 
capable  of  being  externalised  or  made  objective  in  the 
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mental  life  of  mankind,  language  being  the  great  instru- 
ment by  which  this  is  accomplished.  In  this  external 
or  objective  existence — which,  however,  is  only  intel- 
ligible to  beings  which  form  a  part  of  it — that  con- 
tinuity is  regained  which  in  the  existence  of  every 
individual  is  continually  being  interrupted  and  in  danger 
of  being  lost.  Psycho-physical  research  reveals  to  us 
the  existence  of  a  unity  different  from  that  visible  in 
merely  external  or  physical  nature, — a  centred  unity 
which  is  something  else  than  the  sum  of  parts  in  a 
mathematical  whole.  Through  this  process  of  cen- 
tralisation and  externalisation  there  has  been  formed 
in  the  physical  world,  or  in  nature,  a  new  world — 
the  world  of  mind,  which  is  continually  growing  in 
contrast  to  the  former,  which  only  changes  without 
increasing  or   losing  its   two   constituents,  matter    and 


enererv. 


This  new  world  within  the  old  one,  this  creation  of 
man,  forms  indeed  a  portion  of  nature — it  is  the  micro- 
cosm in  the  macrocosm.  It  might  be  investigated  by 
the  usual  methods  of  exact  research ;  and  the  science  of 
anthropology,  with  its  many  branches,  proposes  to  study 
it  in  the  same  way  as  natural  history  in  modern  times 
has  studied  the  social  life  of  certain  animals,  such  as 
bees,  ants,  and  beavers.  Inasmuch,  however,  as  the  exact 
methods  do  not  lead  very  far,  and  have  continually  to 
appeal  to  the  interpretations  of  psychology,  gained  by 
personal  experience  and  introspective  methods,^  it  seems 


1  Prof.  E.  Hering  ('Ueber  das 
Gedfichtniss  als  eine  allgemeine 
Funktion  der  organischen  Materie,' 
Vienna,  1870)   says  :    "  So  long  as 


the  physiologist  is  only  a  physicist 
he  stands  in  a  one-sided  position 
to  the  organic  world.  This  oiie- 
sidedness    is    extreme    but    quite 
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more  practical  to  range  the  whole  of  these  researches 
within  that  great  realm  of  thought  which  starts  with  a 
distinct  recognition  of  conscious  individual  life  as  its 
source  and  centre.  As  such,  in  fact,  these  researches 
have  been  till  quite  recently  carried  on,  and  the  main 
lines  of  their  recent  development  belong  accordingly  to 
philosophic  as  distinguished  from  scientific  or  exact 
thought. 

The  three  great  facts,  however,  which  even  the  exact  The  tiS^ee 
treatment  of  mental  phenomena  has  impressed  upon  us  preSid'by 
— namely,  the  existence  of  centralised  material  systems,  physics, 
termed  "individuals,"    the   discontinuity  of  their  inner 
life  as  viewed  from  outside,  and  the  phenomenon  of  its 
growing  external  manifestation  —  have   driven    natural 
philosophers   to   form  some  explanation,  or  at  least  to 
venture    upon    a    definition   of    this    hidden    principle, 
which  shows  itself  in  the  highest  forms  of  living  matter, 
and  which,  though  discontinuous  to  the  external  observer, 
acquires  in  the  aggregate  of  human  society  a  continuous 
and  ever  growing  reality  and  development.     Two  dis- 


legitimate.  As  the  crystal  to 
the  mineralogist,  the  vibrating 
string  to  the  student  of  acoustics, 
so  also  the  animal,  and  even  man, 
is  to  the  physicist  only  a  piece  of 
matter.  That  the  animal  experi- 
ences pleasure  and  pain — that  with 
the  material  life  of  the  human 
frame  are  connected  the  joys  and 
sorrows  of  a  soul  and  the  vivid 
intellectual  life  of  a  consciousness  ; 
this  cannot  change  the  animal  and 
human  body  for  the  physical 
student  into  anything  other  than 
it  is  —  a  material  complex  subject 
to  the  unalterable  laws  which 
govern  also  the  stone  and  the 
substance  of  the  plant,  a  material 

VOL.  II.  . 


complex   whose   external   and    in- 
ternal  movements  are  causally  as 
rigidly    connected    amongst    each 
other,    and    with    the    movements 
of  the  environment,  as  the  work- 
ing   of    a    machine    is    with    the 
revolution  of  its  wheels  (p.  4).  .  .  . 
Thus  the  physiologist  as  physicist. 
But  he  stands   behind   the   scene, 
and   while   he   painfully  examines 
the  mechanism  and  the  busy  doings 
of    the    actors    behind   the    drop- 
scenes,  he  misses  the  sense  of  the 
whole  which   the  spectator   easily 
recognises  from  the  front.     Could 
the    physiologist    not,    for    once, 
change  his  position?"  (p.  6. 

2  M 
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tinct  views  have  been  evolved  by  modern   science  on 
this  matter. 

The  one  emphasises  the  fact  of  the  discontinuity  of 
mental — i.e.,  conscious — life,  regards  it  as  an  ultimate 
fact,  as  a  mystery  beyond  which  we  cannot  travel.  This 
idea  presents  itself  in  various  forms,  and  has  been 
notably  insisted  on — with  very  varying  philosophical 
inferences — by  Du  Bois-Keymond  in  Germany,  by  Mr 
A.  E.  Wallace,  and  quite  recently  by  the  late  Prof.  St 
George  Mivart  in  England. 

The  other  takes  refuge  in  the  hypothesis  of  un- 
conscious or  subconscious  mental  life,  and  again  with 
very  different  philosophical  inferences  assumes  that  all 
physical  existence  has  an  inner  side  which  only  under 
certain  favourable  conditions  rises  into  the  light  of  self- 
knowledge  or  consciousness.  The  late  W.  K.  Clifford's 
"mind-stuff"  theory,  as  also  the  speculations  of  Fechner 
and  of  Prof.  Haeckel,  are  types  of  this  view,  which  has 
been  consistently  and  connectedly  elaborated  in  Hart- 
mann's  'Philosophy  of  the  Unconscious.' 

These  speculations  can  be  summed  up  under  the  title 
"  The  Creed,  of  Science,"  and  as  such  will  occupy  us  later 
on  in  one  of  the  chapters  on  the  Philosophical  Thought 
of  the  century. 

By  many  natural  philosophers  it  is  felt  that  the  time 
has  not  yet  come  to  arrive  scientifically  at  any  definite 
51.  conclusions  on  these  last  questions.  Sufficient  facts  have 
STsLSs.  not  been  collected ;  or  even  if  collected,  they  have  not 
yet  been  classified  and  tabulated.  This  is  especially  the 
case  with  the  vast  materials  referring  to  the  collective 
life  of  mankind.     Leibniz  had  in  his  time  foretold  the 
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necessity  of  extensive  statistical  information  before 
building  theories.  In  one  instance,  that  of  language, 
his  advice  was  followed  with  signal  success. 

But  even  some  of  the  purely  physical  sciences,  like 
meteorology,  are  still  almost  entirely  limited  to  statistical 
information. 

Statistics  have  thus  become  a  very  important  depart- 
ment of  knowledge,  and  before  taking  leave  of  the  exact 
lines  of  thought,  it  will  be  well  to  note  more  precisely 
the  part  which  these  have  played  in  our  age,  as  also  the 
methods  by  which  they  proceed.  This  will  be  the 
object  of  the  next  chapter,  which  will  accordingly  deal 
with  the  Statistical  View  of  IS'ature. 
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CHAPTER   Xll. 

ON   THE    STATISTICAL   VIEW    OF   NATURE. 

I  HAVE  now  treated  of   the  several  grand  and  general 
aspects   under    which    the    objects    of    nature    can    be 
scientifically   regarded,   and    have    tried    to    show    how 
these  aspects,  not  unknown  to  former  ages,  have  never- 
theless, in  the  course  of  the  nineteenth  century,  become 
more  definite,  and  accordingly  more  useful,  as  means  for 
describing,   measuring,    and,    in    many  cases,  predicting 
phenomena.     It    is    true    that    the    two   last   chapters, 
which  dealt   with    the    phenomena   of  Life   and   Mind, 
had  to  take  notice  of  a  principle  or  of  principles  which 
have  hardly  yet  received  any  scientific  definition  at  all, 
and  which  in  the  progress  of  the  sciences  which  deal 
with    them    have    played    rather  a  negative    part.     It 
has  been  mainly  by  eliminating  the  conceptions  of  life 
1.        and  of  mind  as  special  agencies,  factors,  or  entities  that 
M^di'       the  scientific  study  of  living  and  conscious  beings  has 
coTJeptions.  progrcsscd ;  by  showing  more  and  more  how  an  accurate 
and""  useful    knowledge   of   much    of    their    nature   and 
behaviour  can  be  gained  with  the  aid  of  the  methods 
adopted  in   other    scientific    inquiries,  which    we    may 
call  mechanical. 


ON   THE   STATISTICAL   VIEW   OF   NATURE.       549 

Scientific  inquiry  in  biology  and  psycho-physics  has 
thus  advanced  on  the  lines  indicated  in  the  earlier 
chapters,  where  it  was  shown  how  several  positive 
scientific  conceptions  have  been  gained,  defined,  and 
applied.  These  conceptions  are  all  generalisations  based 
upon  definite  observable  facts  of  nature,  such  as  attrac- 
tion, atomic  constitution,  motion  (rectilinear,  periodic, 
and  rotational),  energy,  form,  and  change  of  form,^  and 
they  have  given  rise  to  great  branches  of  science,  con- 
taining special  methods  of  thought  and  reasoning.  They 
have  all  shown  themselves  accessible,  in  a  greater  or 
less  degree,  to  mathematical  treatment,  and  have  con- 
sequently been  the  means  of  introducing  the  exact 
scientific  spirit  into   large  fields  of   research,  into  ever 


^  The  statement  in  the  text  is 
not  strictly  correct ;  for  of  the  six 
definite  conceptions  mentioned  we 
really,  even  in  single  cases,  only 
see  two  exemplified — viz.,  motion 
and  form.  Neither  attraction,  nor 
the  atom,  nor  energy,  nor  develop- 
ment is,  even  in  single  cases, 
observable,  though,  with  the  ex- 
ception of  energy,  they  are  very 
early  and  very  familiar  abstrac- 
tions. This  remark  may  suggest 
that  motion  and  form  are,  at  least 
for  the  present,  the  simplest  and 
most  obvious  conceptions  into 
which  we  can  analyse  or  resolve 
all  external  observations,  and  that 
consequently  kinetics  and  mor- 
phology may  be  the  fundamental 
sciences,  the  first  in  natural  phil- 
osophy, the  latter  in  natural  his- 
tory or  biology  in  the  widest  sense. 
That  a  kinetic  view  will  gradually 
supervene  in  natural  philosophy 
IS,  I  think,  generally  admitted". 
It  seems  less  generally  conceded 
that  morphology  will  supervene  in 
biology  ;  especially  as  all  the  rage 


is  just  now  for  evolution  and  de- 
velopment. But  as  development 
must  start  from  something,  it  is 
likely  that  it  will  lead  back  to 
morphology.  As  tending  in  this 
direction  I  read  the  expositions  of 
Lotze,  Claude  Bernard,  and  the 
"Organicists."  Organisation  must 
mean  a  certain  arrangement,  and 
arrangement  is  ultimately  the  same 
as  order,  structure,  or  form.  It 
may  mean  something  more — viz., 
unity  or  centredness  ;  but  this  is  a 
conception  not  capable  of  a  purely 
mechanical  or  geometrical  defini- 
tion ;  we  know  of  it  only  through 
introspection.  A  great  deal  has 
been  written  on  Morphology  and 
Morphogenesis  by  that  very  sug- 
gestive author,  Hans  Driesch  ;  see 
a  list  of  his  writings,  supra,  p.  456 
note.  I  here  only  refer  to  them  ; 
for,  being  myself  unable  clearly  to 
apprehend  his  main  drift,  I  hesitate 
to  quote  him  as  confirming  the 
argument  of  this  note.  The  reader 
must  judge  for  himself. 
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widening    circles  of   phenomena  and  events.     This  has 
been  most  decidedly  the  case  with  the  sciences  in  which 
the  law  or  formula  of  gravitation  has  become  the  leading 
principle.     As    we    advanced    on    the    other    lines    of 
thought,  marked    by    the    conceptions    of    atomism,  of 
the  various  forms  of   motion  and  of   energy,  this  sub- 
jection to  precise    formulae    became    less    perfect,  more 
complicated  and  hypothetical,  whilst  the  study  of  the 
typical    forms    of    natural    objects,   and   even    more    of 
their   genesis    and    developments,    opened    out   a   field 
for  much  conjecture  and  fanciful  reasoning,  amid  which 
little  more  than  the  general  outlines  of  a  definite  theory 
could  be  established.     Lastly,  in  applying  these  various 
conceptions  to  the  phenomena  of   the   living  and  self- 
conscious  creation,  we   have    struck   upon  the   limiting 
ideas  of  life  and  mind,  of  which,  from  a  purely  external 
point  of  view,  little  more  can  be  said  than  that  they 
indicate  to  us  the  existence  among  natural  objects  of  a 
unity  of  a  different  kind  from  that  which  we  can  under- 
stand mechanically  as  the  sum  of  many  parts.     In  the 
higher  forms  this  unity  revealed  itself  to  us  through  the 
analogy   of  our  own  inner  life   as   a   peculiar  kind  of 
centralisation,  discontinuous  when  viewed  from  outside, 
but  possessing,  when  viewed  from  another  side,  a  con- 
tinuity, connectedness,  and  capacity  of  unlimited  growth 
of  its  own  which  is  the  special  object  of  the  psycho- 
looical    and    historical    sciences.      These    characteristics 
belong    to    the    great    realm    of    philosophical    as    dis- 
tinguished from  exact  scientific  thought. 

Before  entering   on    this   other   great  branch  of  our 

Results  01  xj^i.yj'^^  o  .  j      ^oci- 

tc'renet       subject,   we    may  well    pause   for  a  moment    and    casD 


2. 

Results  of 


ON   THE   STATISTICAL   VIEW   OF   NATUEE.       551 

a  general  and  unbiassed  glance  at  the  world  outside, 
leaving  our  study,  our  observatory,  our  laboratory,  our 
dissecting-  or  our  measuring-room,  and  ask  ourselves 
the  simple  question,  By  the  work  carried  on  in  these 
various  secluded  places,  in  the  "  sapientum  templa 
Serena,"  how  much  of  the  world  outside  have  we  really 
learnt  to  comprehend,  or  even  only  to  describe  and 
picture  to  ourselves  correctly  and  completely?  The 
answer  is  hardly  encouraging.  The  first  thing  we 
notice  in  stepping  out  of  our  door  is  a  phenomenon 
still  as  incalculable  as  it  has  ever  been,  and  yet  bound 
up  with  the  enjoyment  of  our  lives  and  the  success 
of  our  work  as  much  as  ever — the  weather.  What  do 
we  know  of  it  which  is  practically  reliable  and  useful  ? 
The  reply  must  be,  "  Next"  to  nothing."  Some  general 
astronomical  and  some  more  detailed  physical  and 
chemical  relations  permit  us  to  describe  a  few  general 
meteorological  and  a  few  recurring  seasonable  events,  but 
scarcely  with  more  practical  detail  and  certainty  than  the 
unscientific  ancients  or  the  untaught  children  of  nature 
of  to-day.  We  know  in  general  the  cause  of  storms,  of 
changes  of  temperature,  of  the  seasons,  of  rain,  hail, 
drought,  and  cold,  but  we  do  not  know  much  more  of 
the  exact  when  and  where  of  these  various  changes 
than  did  our  forefathers.  The  natural  atmosphere  and 
climate  which  surround  us  are  still  elements  of  con- 
jecture and  uncertainty. 

Assume,  however,  that  we  go  a  step  further,  and 
having  accustomed  ourselves  to  take  the  weather,  good 
or  bad,  as  it  is,  enter  into  the  artificial  atmosphere  and 
surroundings  of    practical   life,  of    industry,  trade,  and 


552 


SCIENTIFIC   THOUGHT. 


commerce,  of  politics  and  society,  in  which  most  of  us 
have  to  spend  the  larger  portion  of  the  working  hours  of 
our  existence.     We  can  again  put  the  question.  What  do 
we  know  with  certainty  of  the  changes  and  vicissitudes 
of  this  artificial  atmosphere  which  surrounds  us ;  what 
of  the  chances  of  a  fall  or  rise  in  prices,  of  increased 
or  lessened  demand,  of  impending  labour  troubles,  of  the 
risks  even   of   famine,  fire,  shipwreck,  disease,  or  war  ? 
Again  we  may  say  that  in  general  we  know  the  proxi- 
mate causes,  natural  or  artificial,  which  may  bring  them 
about,  but  the  exact  when  and  where  of  their  occurrence 
is  so  slightly  known  to  us  that  such  knowledge  is  of  little, 
if  of  any,  practical  value,  and  proceeds,  moreover,  where 
it  exists,  more   from  general  good  sense  and   practical 
experience  than  from  the  discoveries  of  science.     Indeed, 
the  latter  have,  through  the  wonderful  applications  in 
the  inventions  of  arts  and  crafts,  tended  to  make  our 
artificial  atmosphere  more  complex,  liable  to  more  rapid 
and  more  drastic  changes,  and  accordingly  its  features 
less  permanent  and  less  calculable  and  reliable. 
3  Thus,  in  spite  of  the  wonderful  increase  of  scientific 

Yn^^S^'  knowledge  and  the  general  diffusion  of  scientific  thought 
'''^''  in   the  course  of   the   century,  uncertainty  is   still   the 

main  and  dominant  characteristic  of  our  life  in  nature 
and  society ;  the  atmosphere  and  climate  of  each  are  as 
fickle  and  changeable,  as  incalculable  and  unreliable,  as 
ever.  Neither  the  great  law  of  gravitation  nor  the 
fixed  proportions  of  chemistry,  neither  the  intricate 
doctrine  of  undulations  nor  the  conception  of  energy, 
neither  the  knowledge  of  typical  forms  of  nature  nor  that 
of  their  orderly  evolution,  has,  in  the  hands  of  those  who 
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govern,  regulate,  and  fashion  the  practical  work  of  life 
and  society,  become  an  instrument  of  personal  use  and 
daily  importance.  Statesmen,  legislators,  organisers  of 
men,  captains  of  industry,  contractors,  practical  engineers, 
colonisers,  pioneers,  and  leaders  of  all  kinds  are  still 
mostly  ignorant  of  these  scientific  ideas.  They  regard 
them  from  a  distance,  themselves  relying  mainly  on 
common-sense,  on  personal  experience,  or  on  the  innate 
but  indefinable  impulses  of  individual  genius ;  pro- 
fessional, scientific  knowledge  is  only  one,  and  hardly  the 
most  important,  of  the  many  agencies  with  which  they 
deal  and  which  they  have  to  take  into  account. 

And  yet,  in  spite  of  this  fact  that  the  ordinary  routine        4. 

J       '  ^  ^  Scientific 

of  life  is  a   very   different   process   from   the   ways   of  spirit  in 

J  i-  "^  business. 

science,  we  must  admit  that  the  scientific  spirit  very 
largely  pervades  the  business  of  to-day.  You  cannot 
enter  any  commercial,  shipping,  or  general  trading  office 
without  being  struck  with  the  number  of  carefully  pre- 
pared charts,  tables,  and  statistical  registers  of  all  kinds 
of  curves  showing  the  rise  and  fall  of  prices,  the  produc- 
tion and  consumption,  the  stocks  and  values  of  metals, 
coal,  grain,  chemicals,  cotton,  and  produce  of  every  kind ; 
and  in  quite  recent  years,  not  only  material  things  of  all 
sorts,  but  the  intangible  thing  called  energy — after 
supplanting  the  older  term  horse-power — has  become  the 
subject  of  elaborate  tabular  and  graphical  registration. 
The  streets  of  even  the  smaller  towns  in  every  civilised 
country  show,  besides  the  sign-boards  of  shops,  offices, 
and  banks,  an  increasing  array  of  insurance  firms,  whose 
whole  business  depends  on  elaborate  calculations,  based 
on  long  tables  of  births,  deaths,  marriages,  shipwrecks. 
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and  other  casualties.       The  daily  newspapers  bring  us 
weather  charts  with  isothermic,  isobaric,  and  other  lines, 
on    which    they    found    weather    predictions    or    storm 
warnings.      Surely,  if  counting,  measuring,  and  culculat- 
ing  are  the  elementary  processes  of  the  scientific  method, 
it  must  be  admitted  that  the  latter  has  permeated  our 
practical  life  to  an  enormous  extent.     Thus  the  question 
can  be  asked,  If  the  calculating  spirit  is  so  general,  how 
does  it  come  about  that  in  its  application  to  life  and 
commerce  it  has  led  to  so  much  grasp  but  to  so  little 
certainty  ;  whereas  in  science  itself  it  has  led  to  so  much 
actual  and  reliable  knowledge  ?    How  does  its  application 
in  practice  difter  from  that  in  theory  ?     The  answer  to 
this  question  is  not  far  to  seek,  and  it  will  introduce  us  to 
a  special  branch  of  science,  to  a  special  form  of  scientific 
thought  which  again  is,  if  not  a  creation  of  the  nineteenth 
century,  yet  one  of  its  characteristic  developments. 

That  which  everywhere  oppresses  the  practical  man 
;is  the  great  number  of   things  and  events  which  pass 
I  ceaselessly  before  him,  and  the  flow  of  which  he  cannot 
arrest.     What  he  requires  is  the  grasp  of  large  numbers. 
.  The  successful  scientific  explorer  has  always  been  the  man 
who  could  single  out  some  special  thing  for  minute  and 
detailed  investigation,  who  could  retire  with  one  definite 
object,  with  one  fixed  problem  into  his  study  or  labor- 
atory and  there  fathom  and  unravel  its  intricacies,  rising 
by  induction  or  divination  to  some  rapid  generalisation 
which  allowed  him  to  establish  what  is  termed  a  law 
or  general  aspect  from  which  he  could  view  the  whole 
or  a  large  part  of  nature.       The  scientific  genius  can 
"  stay  the  moment  fleeting  " ;  he  can  say  to  the  object 
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of  his  choice,  "  Ah.  linger  still,  thou  art  so  fair " ;  he 
can  fix  and  keep  the  star  in  the  focus  of  his  telescope, 
or  protect  the  delicate  fibre  and  nerve  of  a  decaying 
organism  from  succumbing  to  the  rapid  disintegration 
of  organic  change.  The  practical  man  cannot  do  this ; 
he  is  always  and  everywhere  met  by  the  crowd  of  facts, 
by  the  relentlessly  hurrying  stream  of  events.  What 
he   requires   is   grasp   of   numbers,  leaving  to  the  pro-        5. 

X  iLc  SC16T1C6 

fessional  man  the  knowledge  of  detail.     Thus  has  arisen  °^J^g^^ 
the  science  of  large  numbers  or  statistics,-^  and  the  many 
methods   of   which   it   is   possessed.     It  will  form   the 
subject  of  the  present  chapter. 


1  Gottfried  Achenwall  (1719- 
1772)  is  commonly  termed  the 
*'  father  "  of  statistics.  This,  how- 
ever, is  hardly  correct,  either  in 
relation  to  teaching  or  to  the 
practical  part  of  the  subject,  or  even 
so  far  as  the  name  is  concerned. 
In  connection  with  administration 
statistics  existed  in  antiquity. 
They  were  taught  by  the  celebrated 
professor,  Conring,  the  elder  con- 
temporary and  rival  of  Leibniz, 
and  the  name  occurs  in  the 
seventeenth  century  in  the  '  Micro- 
scopium  statisticum,  quo  status 
imperii  Romano  -  Germanici  rep- 
nesentatur  auct.  Heleno  Politano  ' 
(1672).  By  Achenwall  and  his 
successor,  Ludwig  August  Schlozer 
(1735-1809),  statistics  were  treated 
in  connection  with  history.  The 
latter  says,  "  Statistics  are  history 
standing  still,  and  history  is  sta- 
tistics put  in  motion."  See  on 
this  subject,  Wegele,  '  Geschichte 
der  deutschen  Historiographie ' 
(Milnchen,  1885),  p.  793  ;  also 
Roscher,  '  Geschichte  der  National- 
Oekonomik'  (ibid.,  1874),  p.  466. 
A  very  valuable  and  exhaustive 
account    of    the    etymology    and 


gradual  change  of  meaning  of  the 
words  ' '  statist "  and  statistics  will 
be  found  in  Dr  V.  John, 
'Geschichte  der  Statistik,'  1.  Theil. 
(Stuttgart,  1884),  pp.  3-14.  He 
divides  the  history  of  the  subject 
down  to  Quetelet  into  that  of  the 
"German  University  Statistics," 
following  in  the  lines  of  Conring, 
Achenwall,  and  Schlozer,  also  called 
the  "  Gottingen  School,"  and  that 
of  statistics  as  an  exact,  an 
enumerative  science,  which  he  calls 
the  modern  science  of  statistics.  It 
appears  that  in  English  also  the 
two  meanings  of  the  word  are  ex- 
emplified in  the  older  use  of  the 
term  "statist"  by  Shakespeare 
(*'  Hamlet,"  v.  2. ;  "Cymbeline,"'  ii. 
4.)  and  Webster,  in  which  sense  it 
meant  simply  "statesman" ;  and  the 
modern  title  '  Statist,'  for  a  statis- 
tical and  financial  periodical.  Nor 
must  we  forget  that  England  has  in 
her  *  Liber  judiciarius  sen  censualis 
Willelmi  I.,  regis  Anglise,'  called 
'  Domesday  -  book  '  (1083-86),  as 
David  Hume  says,  "the  most 
valuable  piece  of  antiquity  pos- 
sessed by  any  nation"  ('Hist,  of 
England,'  chap,  iv.) 
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6. 

Belief  in 

general 

order. 


The  grasp  of  large  numbers,  the  methodical  array  of 
figures  and  the  registration  of  events,  would  in  itself  be 
of  little  use  were  it  not  for  a  fundamental  assumption 
which  appeals  to  common-sense  and  has  been  confirmed 
by  science,  though  it  is  hardly  anywhere  expressly  stated 
—namely,  the  belief  in  a  general  order,  in  a  recurrent 
regularity  or  a  slow  but  continuous  change  and  orderly 
development   of   the   things   and   events   of    the   world. 
Science,  in  the  different  aspects  which  we  have  so  far 
passed  in  review,  tries  to  give  a  definite  expression  to 
this  general  Order,  to  this  all-pervading  rule  and  regu- 
larity.    Statistics  and  the  practical  use  of  them  limit 
themselves  to  the  bare  fact  that  such  order  and  regular- 
ity  do   exist,  though  the  formula  or   reason  for   them 
may  be  unknown  or  unknowable.     It  may  also  be  well 
to  iaote  that  this  belief  in  a  general  order  is  common  to 
all  schools  of  thought,  be  they  ancient  or  modern,  pagan 
or  Christian,  religious  or  scientific,  optimist  or  pessimist. 
The  dictum,  "  est  modus  in  rebus,"  is  the  fundamental 
axiom  of  all  thought  and  all  practice ;  and  the  statistical 
view  of  nature,  which  merely  puts  into  form  and  figure 
this  general  axiom  or  truism,  has  accordingly  been  ap- 
pealed to  as  much  by  those  who  uphold  a  divine  order 
of    things    as    by    others   who    insist   on    a    natural   or 
mechani°cal   one.     In   the   school    of    Quetelet,   through 
whose    influence     statistical    knowledge    has    been    so 
greatly    furthered    in  the    course   of    our   century,    the 
regular  recurrence  of  events  and  the  stability  of  large 
numbers  has  been  sometimes  used  as  the  basis  for  a 
fatalistic  and  pessimistic  view,  whereas  nearly  a  hundred 
years  before  Quetelet,  statistics  had  been  elaborated  by 
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the  Pastor  Stissmilch  in  Prussia,  in  a  celebrated  book 
bearing  the  title  *  On  the  Divine  Order,'  with  a  tendency 
towards  optimism,  and  as  a  proof  of  an  overruling 
Providence.-^ 

Although  it  is  generally  admitted  by  writers  on  stat- 
istics that  in  the  narrower  sense  of  the  word  they  have 
existed  ever  since  the  existence  of  governments  which  re- 
quired to  know  the  number  of  their  population,  the  nat- 
ural resources  of  the  country,  and  its  means  of  subsist- 
ence or  defence,  there  is  a  general  opinion  current  that 
what  we  now  call  the  statistical  methods  in  science  and 
in  practice  were  introduced,  or  at  least  expressly  recom- 
mended, by  Lord  Bacon  under  the  name  of  the  "  Method        7. 

Bacon's 

of  Instances."     This  method,  which  consisted  in  a  kind  ''  Method  of 

Instances. 

of  tabulating  of  numbers  of  facts  referring  to  any 
special  subject  under  investigation,  has  been  criticised 


^  The  difference  seems  to  narrow 
itself  down  to  this,  that  one  class 
of  writers  refers  everything  to  a 
physical,  the  other  to  a  moral, 
order.  M.  Maurice  Block,  an 
eminent  writer  on  statistics,  dis- 
cusses this  question,  passing  a  num- 
ber of  modern  authors  under 
review  in  the  fifth  chapter,  §  3, 
of  his  excellent  'Traits  thdorique 
et  pratique  de  Statistique '  (2™^ 
ed.,  Paris,  1886).  Referring  to 
the  theological  statistician,  A.  von 
Oettingen,  and  comparing  him  with 
Quetelet,  he  says  (p.  146):  "Sous 
certains  rapports,  I'opinion  de  M. 
le  professeur  de  th^ologie  Alex- 
andre d'CEttingen,  pourra  paraitre 
I'opposee  de  celle  de  Quetelet, 
mais  elle  nous  semble  en  differer 
beaucoup  moins  que  le  savant  pro- 
fesseur ne  le  croit.  .  .  .  Nous 
pouvons  caracteriser  en  peu  de 
mots  ce  que  MM.  d'CEttingen  et 
Quetelet  ont  de  commun  et  com- 


ment ils  different :  ils  ont  de 
commun  le  fond  de  la  science  ;  ils 
constatent  I'un  et  I'autre  la  re- 
gularite  du  mouvement  des  faits ; 
ils  ne  different  que  par  I'inter- 
pretation :  Quetelet  voit  des  lois 
naturelles  la  oh  M.  le  professeur 
d'CEttingen  voit  des  lois  morales 
institutees  par  Dieu.  Aussi  Fun 
nomme-t-il  son  livre  Physique 
sociale,  et  I'autre  Ethique  sociale. 
M.  d'CEttingen  est  un  croyant  qui 
aime  a  s'appuyer  sur  la  science. 
II  dit,  page  13  de  la  premiere 
edition  :  *  Dans  les  sciences  comme 
dans  la  religion,  ce  que  I'homme 
invente  ne  peut  etre  que  faux, 
tandis  que  les  verites  qu'il  de- 
couvre,  sont  uniquement  des  faits 
ou  des  lois  qui  rayonnent  du 
Cr^ateur.'"  The  reconciliation  of 
either  physical  or  moral  order  with 
the  existence  of  freewill  is  not 
a  statistical  but  a  philosophical 
problem.  . 
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by  writers   like   Whewell,  von  Liebig,  Stanley  Jevons, 
and   many   others,  and    shown    to  be  of  very  doubtful 
value ;    the  example   given  by  Bacon  himself —the  re- 
search into   the   nature   of   heat— being  especially   un- 
fortunate   and    badly    chosen.     In    spite    of    this,   it 
is    noteworthy    that,    up    to    quite    recent    times,    the 
Baconian  method  is  continually  referred  to,  mamly  by 
writers  who  are  desirous  of  introducing  what  they  call 
the    exact    methods    of    research    into    other    sciences 
than  those  of  external  nature.     A  good  example  of  this 
kind  is  given  by  Walter  Bagehot,  and  as  it  serves  to 
make  an  important  point  more  intelligible  than  a  gen- 
eral statement  would,  I  will  here  give  it  in  full.^^   He 
speaks  of  the  Enumerative,  or,  as  he  calls  it,  the  "  All- 
case  method,"  and  then  continues  :  "  A  very  able  Ger- 
man   writer!    has  said  of    a  great   economical   topic- 
banking—'  I  venture  to  suggest  that  there  is  but  one 
way  of''  arriving  at  such  knowledge  and  truth,  namely, 
a  thorough  investigation  of  the  facts  of  the  case:  by 
the    facts''  I    mean   not    merely   such  facts    as    present 
themselves   to   so-called  practical  men  in   the  common 
routine   of    business,   but    the   facts   which   a   complete 
historical  and  statistical  inquiry  would  develop.     When 
such    a    work    shall   have    been   accomplished,   German 
economists  may  boast  of  having  restored  the  principle 
of   banking— that  is   to   say,   of   German  banking,  but 
not    even  then  of   banking  in  general.      To    set    forth 
principles  of  banking  in   general,  it   will  be  necessary 
to  master  in  the  same  way  the  facts  of  English,  Scottish, 
French,  and    American    banking  — in    short    of    every 

1  Prof.  Cohn  in  'Fortnightly  Review,'  Sept.  1873. 
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country  where  banking  exists.  .  .  .  The  only,  but  let  us 
add  also  the  safe,  ground  of  hope  for  political  economy, 
is  following  Bacon's  exhortation  to  recommence   afresh 
the  whole  work  of  economic  inquiry.     In  what  condi- 
tion would  chemistry,  physics,  geology,  zoology  be,  and 
other   branches  of  natural   science  which   have  yielded 
such  prodigious  results,  if  their  students  had  been  linked 
to  their  chains  of  deduction  from  the  assumptions  and 
speculations  of  the   last   century  ? ' "     To  this   Bagehot 
replies:    "The   method   which    Mr    Cohn    suggests  was 
tried  in  physical   science   and   failed.     And  it  is  very 
remarkable  that  he  should  not  have  remembered  it  as 
he  speaks   of   Lord   Bacon,   for   the   method   which    he 
suggests    is    exactly    that    which    Lord    Bacon    himself 
followed,  and  owing   to  the   mistaken   nature  of  which 
he    discovered    nothing.       The    investigation    into    the 
nature  of  heat  in  the  '  Xovum  Organum '  is  exactly  such 
a  collection  of  facts  as  Mr  Cohn  suggests,  but  nothing 
comes  of   it.     As   Mr   Jevons  well    says.  Lord   Bacon's 
notion  of  scientific  method  was  that  of  a  kind  of  scien- 
tific  book-keeping.     Facts  were  to  be   indiscriminately 
gathered   from   every  source   and   posted   in  a  kind  of 
ledger,  from  which  would  emerge  in  time  a  clear  balance 
of  truth.      It  is  difficult  to  imagine  a  less  likely  way  of 
arriving  at  discoveries."  ^ 


^  'The  Postulates  of  English 
Political  Economy'  (1885),  p.  17, 
&c.  He  further  remarks  :  "If  we 
wait  to  reason  till  the  '  facts '  are 
complete,  we  shall  wait  till  the 
human  race  has  expired.  I  think 
that  Mr  Cohn,  and  those  who  think 
with  him,  are  too  '  bookish '  in  this 
matter.     They  mean  by  having  all 


the  '  facts '  before  them,  having  all 
the  printed  facts,  all  the  statistical 
tables.  But  what  has  been  said 
of  nature  is  true  of  commerce. 
'Nature,'  says  Sir  Charles  Lyell, 
'has  made  it  no  part  of  her  con- 
cern to  provide  a  record  of  her 
operations  for  the  use  of  men ' ; 
nor  does   trade   either  —  only   the 
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In  fact,  the  eight  chapters  of  this  work  which  have 
dealt  with  the  various  abstract  views  from  which  natural 
phenomena  have  been  considered  in  recent  times  form 
In  elaborate  refutation  of  the  so-called  Baconran  of  the 
enumerative  or  ''  all  case,"  method.     It  was  the  light  of 
the  idea  which  brought  life  and  order  into  the     rudis 
indigestaque    moles "   of   badly   collected    facts,   and    m 
many  cases  even  led  for  the  first  time  to  their  useful 
and  intelligent  enumeration.     But  now  we   come   to  a 
further  important  question.     Allowing  that   m   certam 
We  but  nevertheless  secluded  spheres  of  science  a  few 
general    ideas    have    been    found    to    apply    and    work 
wonders  of   calculation,  prediction,  and   useful   applica- 
tion   how  about    those    complicated    phenomena    which 
fomi  our  natural  and  social  environment,  and  where  so 
far  no  scientific  formula  has  proved   powerful  or  com- 
prehensive enough  ?     Are   all  these   elaborate   enumer- 
ations  and  graphical  representations  in  meteorology,  m 
sociology,  commerce,  industry,  and  finance,  to  which  we 
have  instinctively  and  increasingly  had  recourse  during 
the  whole  of  the  century,  of  no  value  ?     Is  no  useful 


smallest    of    fractions    of     actual 
transactions   is   set   down   so   that 
investigation  can  use  it.      l^itera- 
ture  has  been  called  the     fragment 
of  fragments,'  and  in  the  same  way 
statistics  are  the  '  scrap  of  scraps. 
In  real  life  scarcely  any  one  knows 
more  than  a  small  part  of  what  his 
neighbour  is  doing,  and  he  scarcely 
males  public  any  of  that  little,  or 
of  what  he  does  himself.     A  com- 
plete  record  of  commercial   facts, 
or  even  of  one  kind  of  such  facts, 
is  the  completest  of  dreams.     You 
might  as  well  hope  for  an  entire 
record    of     human    conversation. 


Stanley     Jevons     ('Principles    of 
Science,'    Preface,    p.    vn),    says: 
"  Within  the  last  century  a  reaction 
has    been    setting    in    against    the 
purely     empirical      procedure     ot 
Francis  Bacon,  and  physicists  have 
learnt    to    advocate     the     use    ot 
hvpotheses.      I   take  the  extreme 
view     of     holding     that     Francis 
Bacon,    although   he   correctly  in- 
sisted upon  constant   reference  to 
experience,  had  no  correct  notions 
as  to  the  logical  method  by  which, 
from    particular^  facts,    we    educe 
laws  of  nature." 


enumera- 
tion. 
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result  to  spring  from  them  ?  Had  they  been  conducted 
under  the  influence  of  no  useful  general  idea,  our  answer 
would  indeed  have  to  be  in  the  negative.     But  if,  as        s. 

General  idea 

practice  shows,  they  have  been  of  use,  if,  in  fact,  they  underlying 
prove  to  be  in  many  cases  quite  indispensable,  we  may 
ask,  What  is  the  idea,  the  abstract  thought,  which 
dominates  them  ?  I  will  give  the  answer  at  once  and 
then  fix  the  aspect  with  which  the  present  chapter  has 
to  deal.     It  is  the  conception  and  doctrine  of  averages. 

Although  to  the  general  reader  nothing  may  seem  to  averages. 
be  simpler  than  a  process  of  counting  and  of  registration, 
the  science  of  statistics,  the  systematic  collection  of  large 
numbers,  and  the  fixing  of  averages,  is  comparatively 
young  :  it  dates  from  the  beginning  of  the  seventeenth 
century,  when  Sully  in  France,  followed  by  Eichelieu 
and  Colbert,  had  organised  what  may  be  called  the  first 
statistical  bureau.^  It  emanated  from  the  same  spirit 
which  called  into  existence  the  Paris  Academy  of 
Sciences.  Characteristically  for  the  two  other  nations 
with  which  we  are  mainly  concerned  in  this  history,  the 


9. 

Doctrine  of 


^  M.  Block  {loc.  cit.,  p.  25)  says : 
"En  France  Sully  avait  dejh,  or- 
ganise, vers  1602,  un  cabinet  com- 
plet  de  politique  et  de  fiiiances,  qui 
peut  etre  considere  comma  le 
premier  bureau  de  statistique. 
Les  rapports  que  Sully  demandait 
erubrassaient  I'armee,  la  marine, 
les  finances  et  un  grand  nombre 
de  branches  de  I'administration, 
et  le  resultat  de  ses  investigations 
se  trouve  expose  dans  I'ouvrage 
qui  a  (5te  souvent  reimprime  sous 
le  titre  de  'Mdmoires  de  Sully.' 
Richelieu  et  Colbert  se  sont  egale- 
menb  fait  adresser  des  rapports, 
auxquels    on    a    puise,     dans    ces 

VOL.  II. 


derniers  temps,  bien  des  elements 
utiles  a  Fhistoire  et  que  la  statis- 
tique pourrait  egalement  utiliser." 
The  Romans,  who  in  antiquity  may 
be  regarded  as  the  forerunners  of 
the  French  in  administrative  ability 
and  business-like  conduct  of  State 
affairs,  seem  also  to  have  developed 
an  extensive  system  of  registration. 
The  question  has  been  fully  treated 
by  the  late  Prof.  Hildebrand  of 
Jena  in  the '  Jahrbuch  fiir  Nationale 
Okonomie  und  Statistik  '  (1866),  in 
an  article  entitled  "Die  Amtliche 
Bevolkerungs  -  statistik  im  alten 
Rom." 

2  N 
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10.  labour  of  statistics  was  taken  up  in  Germany  by  the 
F^uctoer"  Universitics,  whereas  in  England  it  fell  to  the  lot  chiefly 
Engfand"  of  a  single  person — the  celebrated  Sir  William  Petty, 
the  creator  of  the  term  "  Political  Arithmetic."  Thus,  as 
in  science  generally,  so  in  statistics,  France  marched 
ahead  with  her  systematic  and  administrative  genius; 
Germany  followed  in  the  person  of  Professor  Conring,! 
who  introduced  the  matter  as  a  subject  of  university 
teaching;  whilst  Sir  William  Petty  ^  wrote  his  essay 
with  the  practical  object  of  disproving  an  opinion  then 
much  current  in  England,  and  which  has  periodically 
cropped  up  in  the  writings  of  journalists  at  home  and 
abroad — the  threatened  decline  of  the  English   nation. 


'  Hermann  Conring  (1606-81), 
Professor  of  Medicine  and  Phil- 
osophy at  Helmstadt,  lectured  on 
"  Staatskunde,  Notitia  Rerum  Pub- 
licarum,"  from  about  1660. 

'■^  About    the    same    time   when 
lectures  on    "The   Science   of   the 
State"  were  begun  in  Germany  by 
Conring,  Sir  William  Petty  (1623- 
87)  in  England,  one  of  the  founders 
of  the  Royal  Society,  occupied  him- 
self for  practical  reasons  with  similar 
subjects,  collecting  his  views  in  a 
tract  called  '  Political  Arithmetic  ' 
about  the  year  1677,  besides  con- 
tributing   various     papers    to    the 
*  Philosophical    Transactions '    and 
publishing  several  'Essays'  (1681- 
86).      The    *  Political    Arithmetic' 
would  have  been  printed,  but  for 
the  French  policy  of  Charles  II.,  to 
whom  it  was  presented  in   manu- 
script.     It  was  not  published  till 
1690,  after  the  author's  death,  on  a 
permission   "given    at    the    Court 
of  Whitehall  on  the   seventh   day 
of     November,"     by     Lord     Shel- 
bume,    the    son    of    the     author. 
In   the   preface,  he   characteristic- 


ally says  :  "  I  have  thought  fit  to 
examine  the  following  Persuasions  ; 
which    I   find   too   current   in   the 
world,    and     too    much     to    have 
affected  the  minds   of  some,  to  the 
prejudice    of    all— viz..    That    the 
rents  of  land  are  generally  fallen ; 
that  therefore,  and  for  many  other 
reasons,   the   whole  kingdom  grows 
every  day  poorer  and  poorer.     That 
formerly  it   abounded    with   gold ; 
but  now,  there  is  a  great  scarcity, 
both  of  gold  and  silver.     That  there 
is  no  trade,  nor  employment  for  the 
people;   and   yet   that  the  land  is 
under -peopled.      That    taxes    have 
been  mAxny  and  great.     That    Ire- 
land    and      the      Plantations     in 
Amei'ica,   and    other    additions    to 
the   Crown,  are  a  burden   to   Eng- 
land.    That  Scotland  is  of  no  ad- 
vantage.     That  trade,   in  general, 
doth  lamentably  decay.      That  the 
Hollanders  are  at  our  heels,  in  the 
race  for  naval  poioer ;   the  French 
\  grow  too  fast  upon  both ;  and  appear 
'   so  rich  and  potent,  that  it  is  but  their 
clemency   that   they  do  not  devour 
their  neighbours." 
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And  as  in  science,  so  also  in  statistics,  Germany  in  time 
followed  the  example  of  France  by  introducing  organis- 
ations similar  to  that  of  the  "  Cabinet  complet  de  poli- 
tique et  de  finances  "  of  Sully.  It  was  notably  during 
the  reign  of  Frederick  the  Great  that  the  population 
statistics  were  regularly  and  systematically  collected  in 
Prussia,  this  enterprise  being  greatly  stimulated  by  the 
publication  of  J.  P.  Siissmilch's  ^  '  Treatise  on  the  Divine 
Order.'  In  England — with  a  notable  exception  to  be 
mentioned  immediately — the  line  of  research  opened  out 
by  Sir  William  Petty  was  not  followed  up,  and  Mac- 
Culloch,  when  publishing,  at  the  beginning  of  our  cen- 


^  Johann  Peter  Siissmilch  (1707- 
67)  published,  in  the  year  1741,  a 
book  with  the  following  title  :  '  Die 
gottliche  Ordnung  in  den  Veriinder- 
ungendes  menschlichen  Geschlechts, 
aus  der  Geburt,  dem  Tode  und  der 
Fortpflanzung    desselben    erwiesen 
von  Johann  Peter  Siissmilch,  Pre- 
diger   beym   hochloblichen    Kalck- 
steiuischen  Regiment.     Nebst  einer 
Vorrede  Herrn  Christian  Wolffens.' 
The  book,  as  well  as  the  author, 
was  for  a  long  time  but  little  ap- 
preciated ;  for  although  the  former 
was    dedicated    to    Frederick    the 
Great,    and   must   presumably,    to 
judge  from    the    several    editions 
which  appeared,  have   been   made 
use  of  in  the  statistical  labours  of  the 
Prussian  administration,  the  author, 
not  having  been  connected  with  any 
university,  had,  for  a   long  time, 
little  influence    on   the    so-called 
'•university   school"  of   statistics. 
In  the  course  of  the  last  fifty  years, 
all  prominent  writers  on  statistics, 
such    as    Wappaus,    Roscher,    von 
Oettingen,  Knapp,  and  V.  John,  in 
Germany,  M.  Block  and  others  in 
France,  as  also  Italian  writers  on 
statistics,    have     taken    increased 
interest  in  the  book.     Dr  V.  John 


('Geschichte  der  Statistik,'  vol.  i. 
p.  241,   &c.)   gives   an   exhaustive 
analysis  of  the  work.     He  calls  the 
author  "  the  first  statistician  in  the 
modern    sense,"  the    precursor    of 
Quetelet,  and  says,  moreover,  "  It 
is  easily  explained  how  the  philos- 
opher Siissmilch  would  vanish  into 
the  background  as  soon  as  the  con- 
ception of  the  encyclopaedists,  that 
only  matter  in  motion  exists  and 
no    mind,    came    to    be   generally 
accepted,  and   that   the   politician 
Siissmilch  should  utterly  disappear 
in    the    turmoil    of     the     French 
Revolution."     Von  Oettingen,  who, 
on  the  other  side,  agrees  in  accept- 
ing with  Siissmilch   the   existence 
of  a  Divine  or  moral  order,  says  of 
the   latter,   that  "he   has  become, 
through    his    magnificent    labours, 
the  founder  of  the  science  which 
we  now  call  moral  statistics,"  inas- 
much as  he,   "for  the  first   time, 
recognised  the  intrinsic  regularity 
in  the  apparently  most  accidental 
human  phenomena  and  actions,  and 
tried   to  establish  it  by  inductive 
methods"     (' Moralstatistik,'     3rd 
ed.,  1882,  p.   21).      That   he   was 
known  to  Herder  and  appreciated 
by  him,  we  saw  supra,  p.  536  note. 
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tury,  his  'Statistical  Account  of  the  British  Empire,' 
had  hardly  any  similar  work  to  refer  to  during  the 
whole  of  the  eighteenth  century. 

The  exception  just  referred  to  was  "The  Tables  of 
Mortality,"  which  date  back  to  the  middle  of  the  six- 
teenth century,  and  in  a  more  regular  form  to  1603. 
11.  They  were  analysed  by  John  Graunt,  captain,  in  1661, 
iSd'Hau^y.'  in  a  tract  with  the  title  '  Natural  and  Political  Obser- 
vations  upon  the  Bills  of  Mortality.'^  Of  Graunt's^ 
work,  M.  Maurice  Block  says  that  the  difficulties  of 
preparing  such  a  table  at  that  time  were  so  great 
that  it ''might  wellnigh  be  considered  a  performance 
of    genius.       The    invention    once    made,    improvement 


1 


1  The  tract  was  presented  to  the 
Royal  Society  in  1662,  and  printed 
by  order  of  the  latter  in  1665,  the 
author  becoming  a  fellow  at  the  re- 
quest of  the  king.     V.  John  gives 
a  full  account  of  the  book,  and  as 
much  of   the   author   as  he  could 
collect    from    the    scanty    records 
of  him  which  exist  {loc.  cit.,  pp.  161- 
178).     He  was  bom  in  1620,  was  a 
man  of  business,  and  latterly  became 
connected  with  the  Gresham  College 
and  with  sundry  matters  pertaining 
to  the  administration  of  the  City. 
He  died  in  1674.     In  1676  a  new, 
sixth,  edition  of  the  tract  was  pub- 
lished by  Sir  W.  Petty,  whom  both 
Halley     and     Evelyn     erroneously 
referred  to  as  the  author. 

2  '  Statistique,'  p.  194.  Siissmilch, 
a  century  after  Graunt,  says  that 
the  material  for  the  determination 
of  the  'Divine  Order'  existed  in 
the  parish  registers  since  the  time 
of  the  Reformation.  "But  who,'  he 
exclaims,  "made  use  of  it  for  this 
purpose  before  Graunt  ?  The  dis- 
covery was  just  as  easy  as  that  of 
America,  but   the   Columbus   was 


lacking "  (quoted  by  V.  John,  loc. 
cit.,  p.  177).     The  author,  however, 
who  suggested  to  Siissmilch  the  re- 
searches which  led  to  the  celebrated 
'Divine     Order,'     was     not     John 
Graunt,  but   Dr  William    Derham 
(1657-1735),  an  eminent  divine  and 
natural  philosopher,  who  published 
in  1713  his  '  Physico-Theology  ;  or 
a  Demonstration  of  the  Being  and 
Attributes  of  God  from  His  Works 
of   Creation,'   a   book    which    ran 
through  six  editions  in  ten  years, 
being  translated  into  French  and 
several  times  into  German.     This 
book  contained,  as  Siissmilch  him- 
self says,  besides  numerous  notes, 
a  collection  of  the  observations  of 
other  English  authors  on  the  lists 
of   births,   deaths,  and   marriages. 
On  following  up  the  clue  given  by 
it  he  arrived  ultimately  at  Graunt 
and    Petty,  of   whom   the    former 
had,  as    he   says,  broken   the   ice, 
whereas    Petty    had     mainly    dis- 
cussed the  influence  of  the  changes 
of  population  in  politics  (V.  John, 
'Statistik,'  p.  243). 
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was    easy;     the    invention    was    the    difficulty.       The 
next    great    name    connected    with    this    subject    was 
the    astronomer    and    mathematician   Edmund    Halley,^ 
who    had    before    him,   in    addition    to    John    Graunt's 
work,    the    figures    of     birth    and    mortality    during 
the    five    years    1686    to    1691    collected    by    Kaspar 
Neumann    for     the     city    of    Breslau,    capital    of     the 
province  of   Silesia.      Tables  of   mortality,  based   upon 
several   thousands   of   life   annuities,  were   prepared   in 
Holland    by   order   of    the    Grand   Pensioner,  John   de 
Witt,  and   used   in   1671   as   the   basis   for   a   loan   in 
the    form    of    annuities.  ^       The    growing    practice    of 
life    insurance,    as    is    well    known,    attaches    a    great 
interest  to  these  tables  of  mortality,  which  have  been 
slowly    perfected    in    the    course    of    the   last  hundred 
and  fifty  years ;  it  having  been  reserved  for  the  labours 


^  For  a  long   time   is   was    not 
known     how     Halley     came     into 
possession   of    Kaspar    Neumann's 
mortaUty  -  tables  ;    but,    in    recent 
times,  mainly  through  examination 
of  the  local  records  of  the  city  of 
Breslau  by  Bergius  and  others,  and 
notably  by  the  aid  of  S.   Griitzer 
('Edmund     Halley     und     Kaspar 
Neumann,'  Breslau,  1883),  it   has 
become  almost  certain   that  Neu- 
mann's   registers    were    communi- 
cated to  the  Royal  Society  by  no 
less   a   person    than    Leibniz,  who 
corresponded    with    Neumann    on 
the  one  side  as  well  as  with  the 
secretaries  of  the  Royal>  Society  on 
the  other.     Some  of   the   original 
documents    have    been    traced    in 
the  archives  of  the  Society  by  Dr 
Bond  and  Prof.  Burdon  Sanderson. 
It  is  well  known  that  Leibniz  him- 
self attached  great  importance  to 
accurate    statistical  knowledge   of 


all  kinds,  and  considered  the  collec- 
tion of  such  to  be  one  of  the  main 
duties  of  the  various  academies 
which  he  planned  or  founded. 

^  "  Le     grand    pensionnaire     de 
Hollande,  Jean  de  Witt,  se  fondant 
sur  les  calculs  de  probabilite's  en- 
seignds  par  Chretien   Huygens,  se 
servit,  comme  elements  d'observa- 
tion,   des    resultats    constates    sur 
quelques    milliers  de  rentiers  via- 
gers.     II    pre'senta    sa    table    aux 
etats   g^neraux    le   25   avril    1671, 
pour  servir  de  base  a  un  emprunt 
fait  sous  la  forme  d'annuit^s  via- 
geres.     Cette  table  cite'e  par  M.  de 
Baumhauer,    se    trouve    dans    les 
registres    des    etats   de    Hollande, 
annee    1671"   (Block,   loc.   cit,    p. 
196).     A  translation  of  this  docu- 
ment appeared   in   'Contributions 
to   the  History  of  Insurance'    by 
F.  Hendriks,  'Ass.  Mag.,'  vol.  ii., 
1852. 
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3 


of    quite  recent   writers^   to   place    the    whole    matter 
upon  a  thoroughly  scientific  basis.     But  it  is  not  these 
necessary  technical   refinements   that   interest   us   most 
at  present ;  rather  let  us  take  note  how  the  needs  of 
governments,  as  well   as   the   uncertainty  and  risks  of 
life,  have  automatically  led  to  the  definition  and  study 
of   three   distinct   statistical   conceptions,  which  in  our 
age    govern    a    very    large    part    of    all    our    practical 
12.       enterprises.     These    three    conceptions    arjAhe   proba- 
^o^^''  bility  of  future__events  based  upon  long  series  of  past 
ab^'D^gtri."  ei^iiriSi^^^Tthe    idea   of    reducing  @)£^eraging.jnsks 
bv  "  amicable  "  co-operation,  an^he  "  equijabkliis- 
tribution  of  the  burdens  of  such  co-operation  according 
to^e   individual' units   who   co-operate.^      It   will  at 


1  It  is  generally  admitted  that 
Prof.  G.  F.  Knapp  created  a  kind 
of  era  in  the  more  rigorous  mathe- 
matical  treatment  of   the  subject 
bv  his  various  publications,  datmg 
from  the  vear  1868  with  his  tract    I 
'  Ueber  die  Ermittelung  der  Sterb-    l 
lichkeit   aus    den    Aufzeichnuugen    j 
der     Bevolkerungs -statistik.'     M. 
Block  iloc.  ciL,  p.  232)  says:  "  Ce 
livre  a  fait  une  veritable  sensation 
parmi   les   hommes  sp^ciaux ;  non 
que  I'auteur  ait  apporte  beaucoup 
de  nouvelles  pierres  k  I'ddifice,  mais 
il  a  donne  ii  ces  pierres  une  ordon- 
nance,  une  disposition  qui  les  con- 
stituent un   monument."     In   the 
year  1874  he  published  his  '  Theorie 
des  Bevolkerungswechsels.'     Many 
other  writers  have  followed  in  the 
new  track,  among  whom  I  will  only 
mention  Becker,  Zeunor,  and  Lexis. 
The    graphical    method   is   largely 
employed  by  these  authors,  amongst 
whom  Zeuner  resorts   to   a  repre- 
sentation in  three  dimensions  with 
some  very  elegant  results.     See  his 
♦Abhandlungen  zur  mathematischen 


Statistik'  (Leipzig,  1869).  A  his- 
torical and  critical  review  of  these 
and  older  writings  is  given  in  the 
last  -  named  work  of  Knapp,  p. 
53,  &c.  See  also  Prof.  Lexis's 
'  Einleitung  in  die  Theorie  der 
Bevolkerungs-statistik '  (Strasburg, 

1875). 

2  This   is  not  the  place  to  dis- 
cuss the  social  and  moral  aspects 
of   co-operation,   which    by  future 
historians   will  possibly   be  looked 
upon  as  one  of  the  very  few  novel 
political   ideas   which  our  century 
has  evolved  or  at  least  elaborated 
in  a  practical  form  ;  the  older  co- 
operative  attempts,  such  as  were 
made   under   the   influence  of  the 
ideals  of  the  great  Revolution  by 
Fourier,  Saint  Simon,  and  Babeuf 
in  France,  and  by  Robert  Owen  lu 
this  country,  not  having  contained 
the  elements  of  permanent  success. 
These    elements    seem    to    belong 
almost  exclusively   to  the   line  of 
development  started  by  the  "  Roch- 
dale Pioneers." 
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once   be   seen   how   all   arrangements   which   are   based 
upon    these    three    conceptions — viz.,   probability,    co- 
operation,  and    equitable    distribution  —  lead    us   away 
from   the   study  of  individual  cases   to   that   of   totals 
and  averages;  how  they  merge  the  interests  of  single 
persons  and    the   peculiarities  of   single   cases  in  those 
of  the  aggregate  of  a  large  number  and  the  properties 
of    the    average    event    or    the    "mean"    man.      Their 
value    and    success    depend    on    the    consideration    and 
participation  of  large  numbers,  and  they  have  accord- 
ingly only  arisen   during   the   latter   days   which    iiave 
witnessed    the    steady    growth    of    modern    populations 
and   the    bewildering   complication  of   modern  business. 
The   moral   or  social   aspect  which  has   simultaneously 
been    evolved    during    our    period     does    not    for    the 
moment    concern    us.      We   are    concerned    at    present 
only   with    the    fact    that   statistics   as   the   science   of 
large  numbers   and  of   averages   has   been   increasingly 
drawn  into  use.      In  fact,  we  might  call  our  century 
—in  distinction  from  former  centuries — the  statistical 
century. 

The  necessity  of  having  recourse  to  elaborate  countings, 
to  registrations  of  births,  deaths,  and  marriages,  to  lists 
of  exports  and  imports,  to  records  of  consumption  and  pro- 
duction of  food-stuffs  and  many  other  items,  forced  upon 
those  who  were  entrusted  with  the  gathering  and  using  of 
these  data  the  observation  that  all  such  knowledge  is  in- 
complete and  inaccurate.  Owing  to  the  variability,  within 
certain  limits,  of  recurring  events  and  the  errors  of  count- 
ing and  registration,  we  have  to  content  ourselves  always 
with  approximation  instead  of  certainty.     Error  bulks 


to 
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very  largely  in  all  statistics,  and  vitiates  them ;  and  as 
regards  coming  events,  our  minds  are  in  a  state  of  ex- 
pectation rather  than  of  assurance.     But  events  can  be 
more  or  less  probable,  errors  can  be  greater  or  smaller, 
cumulative  or  compensatory,  and  our  expectations  may 
be  well-  or  ill-founded.     And  so  there  has  arisen  the 
13.       ^science  of  Probabilities  and  of  Chances,  and  the  Theory 
S'chanc'S!   of    Error,    two    subjects    intimately    interwoven.       Tlie 
^former   arose   in    the   seventeenth    century   out   of    the 
frivolous  or  vicious  practice  of   betting  and  gambling,^ 
whilst  the  latter  was  founded  when  astronomical  observa- 
tions accumulated,  and  the  question  presented  itself  how 
to  combine  them  so  as  to  arrive  at  the  most  reliable 
result.     The  greatest  mathematicians  and  philosophers, 
such  as  Pascal,  Huygens,  and  Leibniz,  the  Bernoullis,  De 
Moivre,  Laplace,  Gauss  and  Poisson,  have  bestowed  much 
thought  on  the  subject,^  which  has  nevertheless  been  very 
differently  judged — praised  beyond  measure  by  some,  and 
ridiculed  by  others ;  sometimes  pronounced  to  be  merely 
common-sense  put  in  figures,  and  then  again  wrapped  up 


in  appalling  mystery.^  There  is,  however,  no  doubt  that 
the  Theory  of  Probability  increasingly  pervades  scientific 
as  well  as  statistical  work  in  our  age,  and  that  in  the 


1  See  supra,  vol.  i.  p.  120  sqq. 

2  In  addition  to  the  references 
given  in  vol.  i.,  the  following  are  of 
importance.  The  history  of  the 
Theory  of  Probabilities,  as  stated 
above,  has  been  written  by  Isaac 
Todhtxnter.  This  history  brings 
the  subject  down  to  the  writings 
of  Laplace,  whose  two  works 
mentioned  in  the  text  still  re- 
main the  two  standard  works 
on  the  science.  In  quite  recent 
times  the  history  has  been  written 
and  brought  up  to  date  by  Prof. 
Emanuel  Czuber  in  his  *  Entwick- 
elung  der  Wahrscheinlichkeits- 
Theorie   und   ihre   Anwendungen,' 


contained   in   the   seventh  volume 
of   the    *  Jahresbericht   der   Deut- 
schen   Mathematiker  Vereinigung' 
(Leipzig,  1899).     The  latter  work  is 
written  on  a  different  principle  from 
that  of  Todhunter.     Whereas  Tod- 
hunter  deals  in  separate  chapters 
with    the    work   of    the    foremost 
mathematicians    on    this    subject, 
Prof.  Czuber  gives  an  independent 
historical    and  critical    analysis  of 
the  different  developments  of  the 
theory  and  its  applications.     Quite 
recently  the  same  author  has  pub- 
lished an  independent   treatise  on 
the  subject  (Leipzig,  1902). 
3 


'  In  spite  of  the  encomium  on 
the  theory  of  probabilities  quoted 
in  vol.  i.  p.  123,  Sir  John  Herschel 
gave  only  a  qualified  adherence  to 
one   of    its    principal    applications 
(see  'Brit.  Assoc.  Rep.,'  vol.  i.  p. 
165).     The   two   foremost  adverse 
critics  of  the  theory  were  Auguste 
Comte  in  France  and  John  Stuart 
Mill  in  England.     In    the   .second 
volume   of  the    'Philosophic  Posi- 
tive'   (1st  ed.,    1835,  p.  371)  the 
former   explains   why    he   omitted 
to  deal  with  so  important  a  subject 
in    his    mathematical    philosophy. 
"Lecalcul  des  probabilites  ne  me 
semble  avoir  ete  reellement,  pour 
ses  illustres  inventeurs,  qu'un  texte 
commode  a  d'ingenieux  et  difficiles 
problemes  numeriques,qui  n'en  con- 
servent  pas  moins  toute  leur  valeur 
abstraite,  comme  les  theories  ana- 
lytiques  dont  il  a  ete  ensuite  I'oc- 
casion,  ou,  si  I'on  veut,    I'origine. 
Quant    a    la    conception     philoso- 
phique  sur  laquelle  repose  une  telle 
doctrine,   je  la  crois  radicalement 
fausse   et   susceptible  de  conduire 
aux    plus    absurdes   con.sequences. 
Je    ne    parle    pas    seulement    de 
I'application   evidemment   illusoire 
qu'on   a  souvent   tente   d'en  faire 
au  pretendu  perfectionnement  des 
sciences  sociales  :  ces  essais,  neces- 
sairement  chimeriques,  seront  car- 
acterises  dans  la  derniere  partie  de 
cet   ouvrage "  :   and  in  the  fourth 
volume  (1839,  p.  512),  "  La  seule 
aberration  de  ce  genre  .   .   .   c'est 
la    vaine    pretention     d'un    grand 
nombre    de    g^ometres    a    rendre 
positives  les  etudes  sociales  d'apres   , 
une    subordination    chim^rique    k   , 
I'lllusoire    theorie     mathematique   : 
des    chances.  .   .   .  Quelque    gros-    ' 
siere    que    soit    Evidemment    une 
telle  illusion,  elle  Etait  n^anmoins 


essentiellement    excusable,    quand 
I'esprit  eminemment  philosophique 
de     I'illustre      Jacques     Bernoulli 
con^ut,    le    premier,    cette  pensee 
generale,  dont  la  production,  k  une 
telle  epoque,  constituait  reellement 
le  precieux  et  irrecusable  symptoiue 
du  besoin  premature  pour  ce  temps, 
mais  qui  n'y  pouvait  etre  eprouvE 
meme  ainsi  que  par  une  intelligence 
vraiment  superieure. "    John  Stuart 
Mill,  in  the   second  volume  of  his 
'  Logic,'  has  devoted  a  whole  chapter 
to  the  subject,  in  which  he  corrects 
a   statement  made  by  him  in  the 
first  edition  of  his  book,  attributing 
a    "fundamental   fallacy"   to    the 
arguments   of   Laplace    and    other 
mathematicians,    but    nevertheless 
takes  an  unfavourable  view  of  the 
usefulness    of    the     calculus.      In 
more  recent  times  the  subject  has 
been  exhaustively  treated   from  a 
logical  point  of  view  by  Mr  John 
Venn  in   his  work,    'The  Logic  of 
Chance '(3rd  ed.,  London,   1888), 
and    by    Stanley    Jevons   in    'The 
Principles  of  Science  '  (vol.  i.  ch.  x.) 
The   doubts  with  which  Mill,  and 
still    more    Comte,    regarded    the 
subject,    seem    to    have   been  dis- 
pelled in  works  on  Logic  ;  and  the 
increasing  use  to  which  the  methods 
for   the    correction   of    error   have 
been    put    in    many    branches    of 
science   have   convinced  mathema- 
ticians  of    its    applicability.     The 
ninth  edition  of  the  '  Ency.  Brit.' 
contains    an    excellent    article    on 
"Probabilities"  by  M.  W.  Crofton. 
Among     the    clearest    and    safest 
guides    in     this    intricate   subject 
must   be   counted    the    late    Prof. 
Augustus  de  Morgan,  whose   pro- 
found    treatise     in     the     '  Ency. 
Metrop.'  (vol.    ii.),  as  well   as   his 
'  Essay  on  Probabilities '  (London, 
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14. 

Condorcet. 


course  of  the  last  hundred  years  much  has  been  done  to 
make  it  more  easily  understood. 

James  Bernoulli  had  already  in  his  celebrated  book 
which  bears  the  title,  '  De  arte  conjectandi/  promised 
to  show  the  application  of  the  mathematical  doctrine 
of  probability  to  political,  moral,  and  economical  sub- 
jects,^ but  the  fourth  and  last  part  of  the  book  which 
was  to  give  this,  remained  unfinished.  It  was  left  to 
his  successors,  notably  to  Daniel  Bernoulli,  to  take  up 
this  side  of  the  question.  But  the  first  practical  states- 
man who  —  as  we  are  told    by  Condorcet" — held    the 


1838),  still  rank  with  the  best 
that  has  been  written.  Stanley 
Jevons  suras  up  his  opinion  in  the 
words  :  "  This  theory  appears  to  me 
the  noblest  creation  of  the  human 
intellect,  and  it  passes  my  concep- 
tion how  two  men  possessing  such 
high  intelligence  as  Auguste  Comte 
and  J.  S.  Mill  could  have  been 
found  depreciating  it,  or  even 
vainly  attempting  to  question  its 
validity.  To  eulogise  the  theory 
is  as  needless  as  to  eulogise  reason 
itself"     ('Principles    of    Science,' 

vol.  i.  p.  227). 

1  James  Bernoulli  (1654  -  170o) 
was  the  eldest  of  the  celebrated 
family  of  mathematicians.  Daniel, 
his  nephew,  lived  half  a  century 
later  (1700-82).  The  *  Ars  Con- 
jectandi' was  published  posthum- 
ously in  1713  by  Nicholas,  another 
nephew  of  the  author.  In  a  letter 
to  Leibniz  the  author  says  :  "  Ab- 
solvi  jam  maximam  libri  partem, 
sed  deest  adhuc  prajcipua,  qua 
artis  conjectandi  principia  etiam 
ad  civ  ilia,  moralia,  et  ceconomica 
applicare  doceo."  Daniel  Bernoulli, 
as  we  saw  above  (vol.  i. ,  chap.  v.  p. 
434),  was  the  father  of  the  kinetic 
theory  of  gases,  of  which  more 
hereafter.  He  was  also  the  first 
to    make    a    distinction    between 


mathematical  and  moral  expecta- 
tion, —  a  difference  which  led 
Laplace  to  distinguish  between 
"  fortune  physique  "  and  "  fortune 
morale,"  to  which  reference  was 
made  in  connection  with  Fechner's 
psycho-physical  measurements. 

-  '  Essai  sur  I'application  de 
r Analyse  a  la  Probabihte  des  De- 
cisions, Rendues  h  la  pluralite 
des  voix'  (Paris,  1785).  "  Un 
grand  homme,  dont  je  regretterai 
toujours  les  le(;ons,  les  exemples, 
et  surtout  I'amitie,  etait  persuade 
que  les  verites  des  sciences  morales 
et  politiques,  sont  susceptibles  de 
la  meme  certitude  que  celles  qui 
forment  le  systeme  des  sciences 
physiques,  et  meme  que  les 
branches  de  ces  sciences  qui,  comme 
I'astronomie,  paroissent  approcher 
de  la  certitude  mathematique. 
Cette  opinion  lui  etait  chere,  parce 
qu'elle  conduit  h  I'esperance  con- 
solante  que  I'espece  humaine  fera 
necessairement  des  progres  vers  le 
bonheur  et  la  perfection,  comme 
elle  en  a  fait  dans  la  connois- 
sance  de  la  verite."  It  is  evident 
from  this  extract  that  Condorcet 
(1743-94)  thought  that  his  friend 
Turgot  shared  his  own  well-known 
opinions  as  to  the  unlimited  per- 
fectibility of  the   human  race. 
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view  that  morals  and  politics  might  derive  the  same 
benefit  from  the  science  of  calculation  as  the  physical 
sciences  had  already  experienced,  seems  to  have  been 
Turgot.  To  show  the  importance  of  this  view,  Con- 
dorcet wrote  his  much  quoted  but  little  read  essay  on 
the  application  of  analysis  to  decisions  based  on  the 
plurality  of  votes.  In  his  Introduction  the  author 
laments  that  his  friend,  on  whose  suggestions  he  had 
commenced  his  work,  did  not  live  to  see  it  finished.^  It 
would  have  been  interesting  to  know  whether  so  emi- 
nent a  practical  philosopher  as  Turgot  is  considered  to 
have  been,  would  have  been  encouraged  by  his  friend's 
specimen  of  political  algebra,  or  whether  he  would  have 
held  the  opinion  of  Mill,  who  saw  in  these  "  appli- 
cations of  the  calculus  of  probabilities  ...  the  real 
opprobrium  of  mathematics."  ^ 


\{Loc.  cit.,  p.  i.)  "SiThumanit^ 
n'eut  pas  eu  le  malheur,  longtemps 
irreparable,  de  le  perdre  trop  tot, 
cet  ouvrage  eiit  et^  moins  impar- 
fait:  eclaire  par  sesconseils,  j'aurois 
vu  mieux  ou  plus  loin,  et  j'aurois 
avance  avec  plus  de  confiance  des 
priacipes  qui  auroient  ete  les  siens. 
Priye  d'un  tel  guide,  il  ne  me  reste 
qu'a  faire  a  sa  memoire  I'hommage 
de  mon  travail,  en  faisant  tons  mes 
efforts  pour  le  rendre  moins  indigne 
de  I'amiti^  dont  il  m'honoroit." 

^  There  is  no  doubt  that  the 
writings  of  Condorcet,  through  the 
useless  accumulation  of  formula} 
with  very  little  substance  behind 
them,  contributed  to  bring  the 
whole  theory  into  discredit.  An- 
other still  more  eminent  contem- 
porary mathematician,  D'Alembert, 
after  having  occupied  himself  at 
considerable  length  with  problems 
m  probabilities,  formed  an  un- 
favourable opinion  of  the  usefulness 


of  the  calculus.     Gouraud  (quoted 
by  Todhunter,  p.  293)  says :  "Quant 
au  reste  des  mathematiciens,  ce  ne 
fut  que  par  le  silence  ou  le  d^daint 
qu'il     r^pondit     aux     doutes    que 
d'Alembert  s'^tait  permis  d'emettre. 
Mepris  injuste  et  malhabile  oil  tout 
le  monde  avait  k  perdre  et  qu'une 
posterity  moins  prevenue  ne  devait 
point  sanctionner."     It  is  interest- 
ing  to   note   that   Laplace,  in  his 
historical  account  at  the  end  of  his 
'  Essai     Philosophique,'    does     not 
refer    either   to    Condorcet    or   to 
D'Alembert.     J.    S.    Mill  ('Logic,' 
vol.  ii.  p.  66)  says  :  "  It  is  obvious, 
too,    that    even    when    the   proba- 
bilities are  derived  from  observa- 
tion and  experiment,  a  very  slight 
improvement  in  the  data,  by  better 
observations,    or    by    taking    into 
fuller  consideration  the  special  cir- 
cumstances of  the  case,  is  of  more 
use  than  the  most  elaborate  appli- 
cation of  the  calculus  to  probabil- 
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So  far  as  the  formal  part  of  the  subject  was  con- 
cerned, it  was  left  to  Laplace  to  place  it  on  the  founda- 
tion upon  which  it  has  ever  since  rested.  He  brought 
together  the  ideas  of  his  predecessors,  notably  of 
De  Moivre,  the  two  Bernoullis,  Stirling,  Bayes,  and 
Lac^ranse,  as  well  as  his  own  extensive  researches,  in 
his  great  analytical  theory  of  Probability,  which  ap- 
peared in  1812,  and,  with  several  editions  and  an 
elaborate  introduction,  in  two  subsequent  editions  during 
his  lifetime.  This  work  has  been  justly  considered  a 
monument  of  human  genius,  and  stands  worthily  beside 
the    great    '  Mecanique    Celeste '    of    its    author.     The 


ities  founded  on  the  data  in  their   j 
previous  state  of  inferiority.    The 
neglect   of  this   obvious   reflection 
has  given  rise  to  misapplications  of 
the  calculus  of  probabilities  which 
have  made  it  the  real  opprobrium 
of  mathematics.     It  is  sufficient  to 
refer  to  the  applications  made  of  it 
to  the  credibility  of  witnesses,  and 
to  the  correctness  of  the  verdicts  of 
juries."     I  have  already  referred  to 
the  position  which  Comte  took  up. 
De    Morgan,  with  his  usual  clear- 
ness and  wisdom,  at  the  end  of  his 
"Theory  of  Probabilities  "  ('  Ency. 
Metrop.,'    vol.    ii.   p.    470),    whilst 
reducing  to  a  very  narrow  province 
these   applications  of  the  calculus 
of  probabilities,  says  :  "  There  are 
circumstances   connected  with  the 
mathematical   theory  of  independ- 
ent evidence  which  it  may  be  useful 
to  examine.     In  this,  as  in  several 
other  preceding  investigations,  it  is 
not  so  much  our  wish   to  deduce 
and   impose   results,  as  to  inquire 
whether  these  results  really  coincide 
with  the  methods  of  judging  which 
our    reason,    unassisted    by    exact 
comparison,  has   already   made  us 
adopt.    The  use  of  the  process  is, 
that  both  our  theory  and  our  pre- 


conceptions   thus   either   assist  or 
destroy  each  other :  in  the  former 
case  we   feel    able    to    trust    this 
science   for  further  directions ;  in 
the  latter,  a  useful  new  inquiry  is 
opened.     For  when  we  consider  the 
very    imposing     character    of    the 
first   principles   of    the    science  of 
probabilities,  and  the  mathematical 
necessity     which     connects     those 
simple   first   principles  with   their 
results,    we    feel    convinced   that, 
even  on  the  supposition  that  the 
main   conclusions   of    the    present 
treatise   are   altogether    fallacious, 
there    must   arise   a   necessity   for 
investigating    the    reason    why    a 
methodical,     treatment    of    certain 
notions  should   lead  to  results  in- 
consistent  with    the    vafjue   appli- 
cation   of   them    on   which  we  are 
accustomed  to  rely.     For  it  must 
not  be  imagined  that  opposition  to 
the    principles    laid   down   in  this 
treatise    is    always    conducted    on 
other  principles  :  on  the  contrary,  it 
frequently  happens  that  it  is  only 
a    result    of    themselves   obtained 
without   calculation,   which   is  ar- 
rayed against  arithemetical  deduc- 
tion. " 
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labours  of  mathematicians  since  Laplace  in  the  field  of 
probabilities  have  consisted  mainly  in  commentaries  on 
and  simplifications  of  his  expositions,  and  in  a  great 
improvement  in  the  formal  methods,  due  mostly  to 
English  workers.^  At  present  we  are  not  interested 
in  the  purely  mathematical  side  of  the  subject,  which 
for  some  minds  has  a  great  fascination,  but  rather  in 
the  question  :  To  what  extent  have  the  anticipations  of 
such  men  as  Condorcet,  Turgot,  and  Laplace,  as  to  the 
practical  value  of  these  researches,  been  realised  ?  in  how 
far  have  they  proved  to  be  "  the  happiest  supplement 
to  the  ignorance  and  weakness  of  the  human  mind  "  ?  ^ 
This  idea,  though  ridiculed  by  some,  has  as  often  cropped 


^  The  problems  suggested  by  the 
calculus  of  probabilities  gave  rise, 
collaterally,  to  several  important 
mathematical  developments,  not- 
ably the  combinatorial  analysis, 
the  calculus  of  finite  diffierences, 
and,  in  the  hands  of  Laplace,  the 
theory  of  generating  function  and 
the  recurrent  series.  A  large  part 
of  Laplace's  great  work  is  taken 
up  with  this  purely  mathematical 
device.  It  has  in  more  recent 
times  been  supplanted,  especially 
under  the  hands  of  English  mathe- 
maticians, by  the  calculus  of  oper- 
ations, of  which  the  germ  is  to  be 
found,  according  to  Laplace,  in  a 
suggestion  of  Leibniz  (see  *  Essai 
Philosophique  sur  les  Probabili- 
tes,'  p.  65). 

^  "  La  theorie  des  probabilites 
n'est,  au  fond,  que  le  bon  sens 
r^duit  au  calcul  :  elle  fait  apprecier 
avec  exactitude  ce  que  les  esprits 
justes  sen  tent  par  une  sorte  d'in- 
stinct,  sans  qu'ils  puissent  souvent  ^ 
s'en  rendre  compte.  Elle  ne  laisse 
rien  d'arbitraire  dans  le  choix  des 
opinions  et  des  partis  h  prendre, 
toutes  les  fois  que  Ton  peut,  a  son 


moyen,  determiner  le  choix  le  plus 
avantageux.     Par  Ik,    elle  devient 
le   supplement   le   plus  heureux  a 
I'ignorance    et    a    la    faiblesse    de 
I'esprit  humain.     Si  Ton  considere 
les     methodes      analytiques     aux- 
quelles     cette     theorie     a     donne 
naissance,    la   verity   des   principes 
qui  lui  servent  de  base,  la  logique 
fine  et  delicate  qu'exige  leur  emploi 
dans  la  solution  des  problemes,  les 
^tablissemens  d'utilite  publique  qui 
s'appuient  sur  elle,  et  I'extension 
qu'elle    a    regue    et    qu'elle    peut 
recevoir  encore,  par  son  application 
aux  questions  les  plus  importantes 
de  la  Philosophic  naturelle  et  des 
sciences   morales  ;    si   Ton    observe 
ensuite  que  dans  les  choses  memes 
qui   ne   peuvent  etre  soumises  au 
calcul,  elle   donne   les   apercus   les 
plus  surs  qui  puissent  nous  guider 
dans  nos  jugemens,   et  qu'elle  ap- 
prend  a   se   garautir   des  illusions 
qui  souvent  nous  egarent,  on  verra 
qu'il   n'est    point   de   science   plus 
digne  de  nos  meditations,  et  qu'il 
soit    plus    utile    de    faire    entrer 
dans   le   systeme    de    I'instruction 
publique"  {loc.  cit.,  p.  273  et  seq.) 
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Four  ap- 
plications. 


! 
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17. 
Theory  of 
Error. 


up  again  in  the  course  of  the  century,  and  is  at  present 
occupying  the  attention  of  distinguished  thinkers.  It 
will  be  interesting  to  give  some  account  of  these  prac- 
tical applications. 

Of  these,  four  notably  attract  our  attention.  First, 
the  theory  of  error,  prominently  associated  with  the 
name  of  Gauss.  Secondly,  the  writings  of  Adolphe 
Quetelet,  and  the  great  impetus  given  by  him  to 
statistical  research.  Thirdly,  the  peculiar  development 
of  the  Atomic  theory  known  as  the  Kinetic  theory 
of  gases,  which  gave  to  many  scientific  investigations 
what  Clerk  -  Maxwell  termed  the  statistical,  in  oppo- 
sition to  the  historical  or  descriptive,  character.  Lastly, 
the  Darwinian  ideas  which  deal  with  the  great  and 
increasing  numbers  of  living  things,  and  the  changes 
inherent  in  their  growth  and  development.  These 
have  led  to  statistical  enumerations  and  registrations 
which,  beginning  with  Mr  Francis  Galton's  researches 
into  the  phenomena  of  heredity,  are  at  the  present 
moment  being  continued  on  special  lines  by  Prof.  Karl 
Pearson. 

That  Error  is  subject  to  law,  or,  to  express  it  mathe- 
matically, to  regularity,  is  a  reflection  which  forced  itself 
upon  the  attention  of  thinkers  who  occupied  themselves 
with  the  doctrine  of  chances,  and  of  statisticians  who 
collected  registers  of  large  numbers  of  events.  Let 
special  known  sources  of  error  be  eliminated  or  allowed 
for  in  every  instance,  there  still  remains  a  very  large, 
practically  an  infinite,  number  of  unknown  sources  of 
error  which — where  we  have  to  do  with  simple  magni- 
tude— may  increase  or  reduce  our  result  by  mutually 
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destroying   or    augmenting    each    other.     The    repeated 
measurement  of  a  physical  quantity,  of  the  position  of  a 
fixed  star;   the  arrangement  of  the  bullet  marks  on  a 
target;    the  grouping  of  the  impressions  made  on  the 
sand  by  a  stone  let  fall  vertically  from  the  same  point 
at  a  considerable  height ;  even  the  countings  by  a  large 
number  of  skilled  persons  of  the  same  number  or  the 
estimates  of  the  same  distance  or  height  of  an  object,  of 
the  weight  of  a  heap  of  materials :  all  these  statements 
will  show  a  certain  regularity  around  the  mean  number 
which  we  consider  to  be  the  most  probable  or  correct 
one.     Small  errors  will  be  more  frequent  than  large  ones  ; 
very  large  ones  will  be  practically  absent ;  and  the  mean 
will  be  the  result  of  a  mutual  destruction  or  compensa- 
tion of  many  small  sources  of  error  acting  both  ways. 
Mathematicians,     from     the     time     of     Lagrange     and 
Bernoulli,    have    tried    to     put    into     a    mathematical 
formula   this    regularity   in   the    distribution    of    error; 
and,   since   Laplace  and   Gauss   approached   the  subject 
from  different    points   of    view,    they   have   arrived    at 
a    definite   analytical    expression^    for   the   distribution 
of   errors   of   increasing   magnitude   around   a   fictitious 
centre  or  mean  which  is  considered  in  every  instance 
to    be    the    most    probable    quantity.      Practical    trials 
on    a    very    large    scale    have    been    made    by    Bessel, 
Encke,  Quetelet,  Faye,   and   others,   and   they   have   in 
every  case  yielded  a  satisfactory  approximation  to  the 
figure  given   by    the   theoretical    formula;     so    that    at 
present  little   doubt  as  to   its  usefulness  exists  in  the 
minds    of    those    who   employ    it    for    the    purposes   of 

This  is  the  well-known  *' curve  of  Error." 


if 
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Method  of 
Least 
Squares. 
Gauss. 


elaborate    calculations    in    astronomy,    geodesy,    and    in 
various  physical  and  statistical  researches. 

Bound  up  with  the  theory  of  Error  is  the  celebrated 
method  of  least  Squares,  first  used  by  Gauss  in  1795, 
published  by  Legendre  in  1805  in  his  memoir  'On  a 
New  Method  of  Determining  the  Orbit  of  a  Comet,'  and 
elaborately  discussed  by  Laplace,  Gauss,  and  many  sub- 
sequent writers  to  this  day.^  It  may  be  looked  upon 
as  an  extension  or  generalisation  of  the  connnon-sense 


1  In    addition  to   the   references 
given  in  the  notes  to  pp.  120  and 
183  of  vol.  i.,  I  can  now  recommend 
two  excellent   summary    accounts 
of   the  history  and  theory  of  the 
method  of  least  squares — the  one 
in  Prof.  Czuber's  '  Bericht, '  quoted 
above  (pp.  150  to  224) ;  the  other 
in    Prof.    Edgeworth's    article    on 
"The  Law  of  Error"  in  the  Sup- 
plement   to    the    last     edition    of 
the     '  Ency.     Brit.'    (vol.     xxviii., 
1902,    p.    280,    kc.)      Prof.    Cleve- 
land Abbe,  in  a   '"historical  note 
on   the    method  of  least  squares" 
('American     Journal     of     Mathe- 
matics,' 1871),  has  drawn  attention 
to  the   fact,  that   already  in  1808 
Prof.  R.  Adrain  of  New  Brunswick 
had  arrived  at  an  expression  for  the 
law   of    error    identical    with   the 
formula    now    generally   accepted, 
without   knowing   of    Gauss's   and 
Legendre's  researches.     See  a  paper 
by  Prof.  Glaisher  in  the  39th  vol., 
p.  75,  of  the  '  Transactions  of  the 
Royal  Astronomical  Society.'     The 
logical  and    mathematical  assump- 
tions  upon  which   the   method  is 
based  have  been  submitted  to  re- 
peated  and   very    searching    criti- 
cisms,   many   rigid    proofs    having 
been   attempted,    and    every    sub- 
sequent writer   having,  seemingly, 
succeeded   in  discovering   flaws  in 
the  logic  of  his  predecessors.     In 
connection   with   another   subject. 


I     may    have    occasion     to     point 
out    how    nearly    all    complicated 
logical     arguments     have     shown 
similar  weakness,  and  how,  in  many 
cases,  the  conviction  of  the  correct- 
ness or  usefulness  of  the  argument 
comes  back  to  the  self-evidence  of 
some    common  -  sense    assumption, 
which  cannot  be  proved,  though  it 
may  be  universally  accepted.    Many 
analysts   have  tried  to   prove   the 
correctness  of  the  everyday  process 
of  taking  the   arithmetical   mean, 
but  have  failed.     Prof.  Czuber  says, 
inter  alia  {Joe.   ciL,  p.  159)  :  "The 
fact  that  Gauss,  in  his  first  demon- 
stration  of    the    method    of    least 
squares,  conceded  to  the  arithmeti- 
cal    mean    a    definite     theoretical 
value,  has  been  the  occasion  for  a 
long  series  of  investigations  concern- 
ing the  subject,  which    frequently 
showed  the  great  acumen  of  their 
authors.     The  purpose  aimed  at— 
viz.,  to  show  that  the  arithmetical 
mean  is  the  only  result  which  ought 
to  be  selected  as  pos.^essing  cogent 
necessity,     hereby    giving    a    firm 
support  to  the  intended  proofs,  has 
not  been  attained,  because  it  cannot 
be    attained.     Nevertheless,    these 
investigations  have  their  worth  be- 
cause they  afford  clear  insight  into 
the  nature  of  all  average  values  and 
into  the  position  which  the  arith- 
metical   average     occupies    among 
them." 
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method  of  taking  the  arithmetical  mean  in  determining 
what  figure  to  accept  in  a  number  of  slightly  differing 
computations.  Where  more  than  one  quantity  is  to  be 
determined — for  instance,  where  from  a  series  of  obser- 
vations dotted  on  a  chart  the  continuous  curve  which 
marks  the  course  of  a  planet  or  comet  is  to  be  deduced 
— the  simple  method  of  averaging  cannot  be  applied. 
Every  set  of  three  complete  observations  suffices,  as 
Gauss  has  shown,  to  determine  the  elements  or  con- 
stants of  an  elliptical  orbit.  But  astronomers  try  to 
get  as  many  observations  as  possible,  and  none  of  these 
is  a  repetition  of  the  same  observation — as,  for  in- 
stance, are  the  repeated  weighings  of  a  substance  in 
chemistry,  of  the  measurings  of  a  length  in  surveying, 
or  the  counting  of  a  number  in  statistics :  on  the  con- 
trary, each  is  the  independent  ascertainment  of  definite 
positions  in  a  moving  object.  It  is  clear  that  the 
method  of  averaging  must  be  more  general  than  the 
common-sense  method  of  taking  the  arithmetical  mean, 
but  must  —  where  the  latter  is  applicable  —  coincide 
with  it.  It  has  been  shown  that  the  following  rule 
answers  this  purpose.  Fix  the  average  constants  or 
elements  so  that  the  sum  of  the  squares  of  the  differ- 
ences between  the  observed  and  calculated  positions  is  a 
minimum.  In  mathematical  language  this  results  in  the 
algebraical  determination  of  the  constants  in  an  equation. 

Whereas  the  labours  of  Gauss  and  the  school  of 
astronomers  which  he  headed  in  Germany  were  mostly 
occupied  in  the  mathematical  proof  of  this  rule,  and 
in  its  applications  in  astronomical  and  geodetic  com- 
putations, the  doctrine  of  probabilities  acquired  a  larger 
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19. 
Laplace. 


meaning  and  attracted  much  popular  attention  in  France 
and  Belgium  through  the  dominating  intluence  of  La- 
place. He  had  not  only  collected  in  his  abstract  and 
very  difficult  'Analytical  Theory  of  Probabilities'  all 
that  himself  and  others  had  done  in  this  line  of  research, 
but  he  had  in  a  similar  manner  to  that  adopted  in  his 
'Celestial  Mechanics'  tried  to  bring  the  substance  of 
the  theory  home  to  the  non-mathematical  student  in 
his  'Essai  Philosophique  sur  les  Probabilites.' 

The  analytical  formulae  of  probabilities  can,  he  main- 
tained, "  be  regarded  as  the  necessary  complement  of  the 
sciences  which  are  founded  on  a  mass  of  observations 
which  are  subject  to  error.     They  are  indeed  indispens- 
able for   soMng   a   large   number   of   questions   in   the 
natural    and    moral    sciences.       The    regular    causes  of 
events  are  mostly  either  unknown  or  too  complicated  to 
be  submitted  to  calculation :  frequently  also  their  effect 
is  disturbed  by  accidental  and   irregular  causes,  but  it 
always  remains   impressed  on  the   events   produced   by 
all   these   causes,   and   it   brings    about    changes   which 
a    long    series    of    observations    can     determine.       The 
analysis   of  probabilities  shows   these   modifications:   it 
assigns  the  probability  of  their  causes,  and  it  indicates 
the    means    of    increasing    their    probability   more    and 
more."^       Then,    referring    to    the    phenomena    of    the 
weather,  Laplace   proceeds:    "Moreover,   the   succession 
of  historical   events    similarly   shows    us    the    constant 
action  of   the   great  moral   principles  in  the   midst  of 
the  diverse  passions  and  interests  which  agitate  society 
in   every   direction.      It  is   remarkable    how   a    science 

1  'Essai  Philosophique,'  p.  271. 
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which  began  with  the  consideration  of  play  has   risen 
to  the  most  important  objects  of  human  knowledge." 

In  1823,  soon  after  the  appearance  of  the  works  of       20. 
Laplace  and  other   French  writers,  this   application  of  '^'''^^'*' 
the  theory  of  probabilities   was  taken   up   by   Adolphe 
Quetelet,    who    collected    his    researches    in    his    cele- 
brated work,  '  Sur  I'Homme  et  le  Developpement  de  ses 
Facult^s,    ou    Essai    de    Physique    sociale.'i      Quetelet 


^  In  addition  to  this  work,  which 
was  published  at  Brussels  in  1836 
in  two  small  volumes,  and  which 
Quetelet   (1796-1874)   describes   as 
a   'resume   de   tous    mes    travaux 
anterieurs      sur      la      statistique, ' 
he     published,     besides     a     great 
number     of     memoirs,     a     series 
of    'Lettres    sur    la    Thdorie    des 
Probabilite's '  (begun  in  1837,  pub. 
1845,  Eng.  trans,  by  0.  G.  Downes, 
1849),   and    as    a  continuation    of 
the    former    work    in    1848,    '  Du 
Systeme  social  et  des   Lois  qui   le 
regissent.'     Less  known  than  those 
of  Quetelet,   but  about   the  same 
time,  and  independently,  there  ap- 
peared in  France   the  writings  of 
A.  M.  Guerry,  beginning  with  the 
publication  in  1829— in  collabora- 
tion with  A.  Balbi— of  '  Statistique 
comparde,    et    I'^tat   de    I'instruc- 
tion   et  du    nombre    des    crimes,' 
and   in    1833,    « Essai    sur    la    sta- 
tistique   morale     de    la     France.' 
Ihe  term  ** moral  statistics"   ap- 
pears    here    for     the    first     time. 
Quetelet  was   the   inventor  of  the 
term    "Social     Physics."      Guerry 
employed  graphical   methods,  and 
published     in     1864     'Statistique 
morale   de    I'Angleterre    comparde 
ayec   la   statistique    morale    de    la 
France.      M.  Block   ('Statistique,' 
P-    43)  attributes    to   Guerry  and 
Uiarles   Dupin  the  general   intro- 
duction of   the  graphical    method 
m  statistics;  geometrical  represent- 
ation having  been  adopted  at  the 


end  of  the  eighteenth  century  by 
Wm.    Playfair    in    England,    and, 
before    him,    by   Crome,    professor 
at   Giessen,  in    1782,   and   tabular 
synoptical    statements   going   back 
to     the     Danish     writer     J.      P. 
Anchersen,      in     his      'Descriptio 
Statuum    Cultiorum    in    Tabulis' 
(Copenhagen    and    Leipzig,    1741) ; 
see     V.     John,     '  Geschichte     der 
Statistik,'    p.    88.      Referring    to 
Guerry,    V.    John    (p.    367)   says  : 
"Quetelet    is    incontestably  to  be 
regarded    as    the    founder   of    the 
new  science  (viz.,  moral  statistics), 
for     the     rival      works     of     the 
French    lawyer    Guerry    appeared 
only  partly  before  Quetelet's,  and 
are  excelled    by  the  latter  in  the 
use    made   of   the    material.       In- 
dependently   of    this    formal    dif- 
ference,   the    two     authors    have 
quite  difiFerent  conceptions  of  the 
new  science.      Guerry   regards   its 
object  as  consisting  mainly  in  col- 
lecting  data  in   order  to  gain   an 
opinion  of  the    moral   status  of  a 
country.      Thus    he   looked    upon 
moral  statistics  as  auxiliary  to  the 
history   of    civilisation.      Quetelet 
went  beyond  this,  inasmuch  as  he 
was   the  first  to  inquire   into  the 
cause    of    the    moral    level    of     a 
population,  and  in  as  much  as  in 
his  criminal  statistics  of  Belgium, 
1833,    he    had    already  given    ex- 
pression to  the  fundamental  idea, 
'Society  bears  the  germs  of  crime 
in  itself.' " 
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21. 
The  "  mean 
man." 


was  astronomer-royal  of  Belgium  and  the  founder  of 
the  Observatory  at  Brussels.  Having  opened  his  career 
by  some  memoirs  on  geometrical  subjects,  he  directed 
his  attention  to  questions  of  meteorology  and  statis- 
tics, which  he  was  probably  the  first  to  extend 
into  the  region  not  only  of  the  physical  but  also 
of  the  moral  attributes  of  man,  studying  the  phe- 
nomena of  crime,  suicide,  and  disease  as  revealed  by 
the    criminal  courts    in   France,   the    Netherlands,  and 

other  countries. 

Subsequently  it  was  mainly  through  his  influence  that 
a  series  of  international  statistical  congresses  was  held 
in  the  principal  cities  of  Europe,  and  a  greater  uniformity 
in  the  methods  of  research  and  registration  attempted 
and  partially  attained. 

Quetelet's  statistical  inquiries  centre  in  the  conception 
of  the  average  or  mean  man  who,  in  a  very  geometrical 
fashion,  is  looked  upon  as  an  analogue  of  the  centre  of 
gravity  ^  of  a  body,  being  the  mean  around  which  the 
social  elements  oscillate.     "  If  one  tries,"  he  says,  "  to 


ON   THE    STATISTICAL   VIEW   OF   NATURE.       581 

estabHsh  in  some  way  the  foundation  of  Social  Physics, 
it  is  the  mean  man  whom  one  must  consider  without 
stopping  at  particular  and  anomalous  cases  and  without 
investigating  whether  some  individual  can  take  a  de- 
velopment more  or  less  great  in  one  of  his  faculties.^ 
.  .  .  After  having  considered  man  at  different  epochs 
and  among  different  peoples,  after  having  successively 
determined  the  different  elements  of  his  physical  and 
moral  condition,  ...  we  shall  be  able  to  fix  the  laws 
to  which  he  has  been  subjected  in  different  nations 
since  their  birth — that  is  to  say,  we  shall  be  able  to 
follow  the  course  of  the  centres  of  gravity  of  every  part 
of  the  system."^  In  an  astronomical  fashion  Quetelet 
speaks  of  the  perturbing  forces  and  variations,  and  of 
the  "  stability  of  the  social  system,"  ^  and  compares  the 
new  science  of  society  to  the  mechanics  of  the  Heavens.* 
The  influence  of  Laplace  and  his  school  is  evident  in 
every  page  of  Quetelet's  work.  Whilst  speaking  of  the 
"variability  of  the  human  type  and  the  mean  man 
among  different  peoples  and  in  different  centuries,"  he 


1  Quetelet  defines  the  object  of 
his  work  as  follows  ('  Sur  I'Homme, 
vol.    i.    p.    21):    "L'objet   de    cet 
ouvrage   est   d'etudier,   dans   leurs 
effets,   les   causes,   soit   naturelles, 
soit  perturbatrices  qui  agissent  sur 
le  ddveloppement  de  I'homme  ;  de 
chercher  k  mesurer  I'influence  de 
ces  causes,  et  le  mode  d'apres  lequel 
elles    se    modifient    mutuellement. 
Je  n'ai  point  en  vue  de  faire  une 
throne  de  I'homme,  mais  seulement 
de  constater  les  faits  et  les  phenom- 
hnes  qui  le  concernent,  et  d'essayer 
de  saisir,  par  I'observation,  les  lois 
qui  lient  ces  phenom^nes  ensemble. 
L'homme  que  je  considere  ici  est. 


dans  la  soci^t^,  I'analogue  du  centre 
de  gravity  dans  les  corps  ;  il  est  la 
moyenne  autour  de  laquelle  oscillent 
les  ^l^mens  sociaux  :  ce  sera,  si  Ton 
veut,  un  dtre  fictif  pour  qui  toutes 
les  choses  se  passeront  couforme- 
ment  aux  resultats  moyens  obtenus 
pour  la  society.     Si  Ton  cherche  a 
etablir,  en  quelque  sorte,  les  bases 
d'une    physique    sociale,    c'est    lui 
qu'on  doit  considerer,  sans  s'arreter 
aux  cas  particuliers  ni  aux  anom- 
alies, et  sans  rechercher  si  tel  in- 
dividu  peut  prendre  un  d^veloppe- 
ment  plus   ou   moins    grand   dans 
Tune  de  ses  facultds." 


^  '  Sur  I'Homme,'  vol.  i.  p.  22. 

2  Ibid.,  p.  23. 

=*  Ibid.,  p.  26. 

^  Vol.  ii.  p.  338.  Quetelet  speaks  of 
the  annual  and  diurnal  periods,  and 
continues  :  "  Les  causes  r^gulieres 
et  pei-iodiques,  qui  dependent  ou  de 
la  p^riode  annuelle  ou  de  la  p^riode 
diurne,  exercent  sur  la  society  des 
effets  plus  prononces  et  qui  varient 
dans  des  limites  plus  larges,  que 
les  effets  combines  non  p^riodiques, 
produits  annuellement  par  le  con- 
cours  de  toutes  les  autres  causes 
qui  agissent  sur  la  soci^t^  ;  en 
d'autres  termes,  le  syst^me  social, 
dans  sa  maniere  d'etre,  parait  etre 


plus  dissemblable  a  lui  -  meme 
pendant  le  cours  d'une  ann^  ou 
meme  pendant  I'espace  d'un  jour, 
que  pendant  deux  annees  con- 
secutives,  si  Ton  a  ^gard  a  I'ac- 
croissement  de  la  population.  La 
periode  diurne  semble  exercer  une 
influence  un  pen  plus  prononcde 
que  la  periode  annuelle,  du  moins 
en  ce  qui  concerne  les  naissances. 
La  periode  annuelle  produit  des 
efifets  plus  sensibles  dans  les 
campagnes  que  dans  les  villes,  et 
il  parait  en  etre  de  meme  des 
causes  en  general  qui  tendent 
a  modifier  les  faits  relatifs  k 
I'homme." 
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anticipates  discussions  which  came  fifty  years  later.^ 
His  aim  is  to  arrive  at  a  precise  knowledge  of  things 
hitherto  vaguely  known  and  merely  sketched  by  artists 
and  literary  persons ;  but  he  evidently  looks  beyond  the 
study  of  the  average  man  to  that  of  individual  departures, 
as  of  special  interest  to  the  physician,"  for  instance, 
in  the  case  of  disease,  and  he  significantly  recommends 
what  he  calls  the  "  study  of  maxima."  ^  He  regards  the 
"  mean  man  in  the  circumstances  in  which  he  is  placed 
as   the  type  of   all   that   is   beautiful  and  all   that  is 


1  Vol.  ii.  p.  270  :  "  Les  anciens 
ont   represent^  avec  un  art   infini 
rhomme    physique    et    moral,    tel 
qu'il   existait   alors  ;  et  la  plupart 
des  modernes,  frappcs  de  la  perfec- 
tion   de    leurs    ouvrages,    ont    cru 
qu'ils   n'avaient   rieu   de   mieux   a 
faire  que  de  les  imiter  servilement ; 
iU  n'ont  pas  compris  que   le  type 
avait  change  ;  et  que,  tout  en  les 
imitaut  pour  la  perfection  de  I'art, 
ils    avaient    une    autre    nature    a 
etudier.      De  \h,  ce  cri  universel, 
*  Qui  nous  d^ivrera  des  Grecs  et  des 
Romains!'      De  la   cette    scission 
violente  entre  les  classiques  et  lea 
romantiques  ;  de  la  enfin,  le  besoin 
d'avoir  une  litterature  qui  fut  verit- 
ablement  I'expression  de  la  soci4ti. 
Cette   grande   revolution   s'est   ac- 
complie,  et  elle  f ournit  la  preuve  la 
plus  irrecusable  de  la  variabilite  du 
type  humain  ou  de  I'homme  moyen 
chez  les  dififerens  peuples  et   dans 
les  dififerens  siecles."     It  is  inter- 
esting to  see  from  this  quotation 
that  "the  opposition  to  a  one-sided 
classical    education     emanated     at 
that  time  from  the  romantic  move- 
ment, vphereas  in  our  days  it  is  the 
scientific    movement    which   forms 
the  opposition. 

2  Vol.  ii.  p.  281  :  "  Comme  dans 
le  plus  grand  nombre  de  cas,  le 
malade  ne  peut  presenter  aucune 


observation  satisfaisante  faite  sur 
sa  propre  personne,  ni  aucune  des 
dl^mens   qui   lui  sont  particuliers, 
le  medecin  se   trouve   force  de  la 
ramener  k  I'^chelle  commune,  et  de 
I'assimiler   a   I'homme   moyen ;   ce 
qui  au  fond   semble    presenter  le 
moins    de    difficultes    et    d'incon- 
veniens  ;  mais  peut  causer  aussi  de 
graves  meprises  dans  quelques  cir- 
coustances  ;  car  c'est  encore  le  caa 
de   faire   observer   ici  que  les  lois 
generales  relatives  aux  masses  sont 
essentiellement  fausses    etant  ap- 
pliqu^es  h   des   individus :   ce   qui 
ne  veut  pas  dire  cependant  qu'ou 
ne  peut  les  consulter  avec  fruit :  et 
les  hearts  sont   tou jours  consider- 
ables." 

»  Vol.  ii.  p.  284  ;  "  II  ne  faut  pas 
confondre  les  lois  de  d^veloppement 
de  I'homme  moyen  Ji  telle  ou  telle 
epoque,  avec  les  lois  de  d^veloppe- 
ment  de  I'humanite.  Elles  n'ont 
en  general  que  peu  de  rapport  entre 
elles  :  ainsi  je  serais  tres  dispose  k 
croire  que  les  lois  de  developpement 
de  I'homme  moyen  restent  a  peu 
prfes  les  memes  aux  differens  siecles, 
et  qu'elles  ne  varient  que  par  la 
grandeur  des  maxima.  Or,  ce  sont 
justement  ces  maxiTna,  relatifs  a 
I'homme  developp^,  qui  donnent, 
dans  chaque  siecle,  la  mesure^  du 
developpement  de  I'humanite." 


good."^  And  further,  "one  of  the  principal  things 
accomplished  by  civilisation  is  to  draw  closer  and 
closer  the  limits  within  which  the  different  elements 
oscillate  which  are  characteristic  of  man."^ 

There   was,   however,   another    idea    besides    that   of       22. 
the   mean   man   which   followed   in   the   course  of  this  Jstics  and " 

.  freewill. 

mathematical  or  astronomical  treatment  of  social 
statistics — namely,  the  seeming  negation  of  the  scope 
of  freewill  and  of  moral  responsibility,  which  seemed 
inconsistent  with  the  regularity  of  the  statistical  rec- 
ords. In  his  treatise,  '  Sur  I'Homme/  Quetelet  had 
drawn  attention  to  the  regular  recurrence  of  crime 
— of  the  tendency  to  crime — as  one  of  the  most 
remarkable  features  in  society;  which,  through  its 
physical  and  moral  constitution,  "prepares  crime,  the 
guilty    being     only    the    instrument    which    carries    it 


^^  Vol.   ii.  p.  287:  "J'ai  dit  pre- 
cedemment  que  I'homme  moyen  de 
chaque  epoque  represente  le  type  du 
developpement  de  I'humanite  pour 
cette  epoque  ;   j'ai  dit  encore  que 
I'homme  moyen  etait  tou  jours  tel 
que    le    comportaient     et    qu'exi- 
geaient  les  temps  et  les  lieux  ;  que 
ses  qualites  se  developpaient  dans 
un  juste  ^quilibre,  dans   une  par- 
faite  harmonic,  egalenient  eloignee 
des  exces  et  des  defectuosites  de 
toute  espece ;   de  sorte  que,  dans 
les  circonstances  ou  il  se  trouve,  on 
doit  le  considerer  comme  le  type  de 
tout  ce  qui  est  beau,  de  tout  ce  qui 
est  bien."     P.  289  :  "Un  individu 
qui  resumerait  en  lui-meme,  a  une 
epoque  donn^e,  toutes  les  qualites 
de  I'homme  moyen,  representerait 
a  la  fois  tout  ce  qu'il  y  a  de  grand, 
de  beau  et  de  bien." 
/  Vol.  ii.  p.  342:  "Un  des  prin- 
cipaux  faits  de  la  civilisation  est  de 
resserrer,  de  plus  en  plus,  les  limites 


dans  lesquelles  oscillent  les  dififerens 
elemens  relatifs  a  I'homme.     Plus 
les  lumi^res  se  repandent,  plus  les 
ecarts     de    la    moyenne    vont    en 
diminuant ;   plus,  par  consequent, 
nous  tendons  a  nous  rapprocher  de 
ce  qui  est  beau  et  de  ce  qui  est 
bien.     La  perfectibilite  de  I'espece 
humaine  resulte  comme  une  conse- 
quence   necessaire   de    toutes    nos 
recherches.      Les  defectuosites,  les 
monstruosites  disparaissent  de  plus 
en  plus  au  physique ;  la  frequence 
et    la     gravite     dea     maladies    se 
trouvent    combattues     avec     plus 
d'avantage     par    les    progr^s     des 
sciences     medicales ;     les    qualites 
morales    de    I'homme  n'eprouvent 
pas     de    perfectionnemens    moins 
sensibles  ;  et  plus  nous  avancerous, 
moins   les   grands    bouleversemens 
politiques  et  les  guerres,  ces  fleaux 
de   I'humanite,  seront   k   craindre 
dans    leurs    efifets    et    dans    leurs 
consequences." 
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584 


SCIENTIFIC   THOUGHT. 


ON   THE   STATISTICAL   VIEW   OF   NATURE.       585 
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23. 
Buckle. 


out " ;  ^  society,  as  it  were,  exacting  a  certain  proportion 
of   crime,  as   it   does  of   suicide,  poverty,  physical  and 
''  mental  disease,  for  the  maintenance  of  its  equihbrium 
'  and  as  an  ''  alarming " '  tribute   to   its   stability.     The 
extreme  consequences  which  seemed  to  flow  from  this 
doctrine  were  not  drawn  by  Quetelet,  who  believed  in  a 
gradual  though  slow  development  of  human  society,  and 
in  moral  as  well  as  physical  causes  and  influences.     They 
were  drawn,  however,  by  what  we  may  term  the  mathe- 
matical school  of  social  philosophers,  who  relied  greatly 
upon  the  figures  collected  by  Quetelet  and  confirmed  by 
others.     In  this  country  the  statistical  labours  of  Quetelet 
were  made  known  by  Sir  John  Herschel  in  a  brilliant 
article '  in  the  '  Edinburgh  Keview '  on  the  "  Translation 
of  Quetelet's  Letters  to  Prince  Albert  on  the  Theory  of 
Probabilities."     They  do  not  seem  to  have  been  regarded 
as  detrimental  to  the  moral  aspect  of  human  history  till 
Henry   Thomas   Buckle,  in  his   celebrated   'History  of 
Civilisation,'*  made  use  of  Quetelet's  statistics  in  sup- 


1  •  Sur  rHomme,'  vol.  ii.  p.  241. 

2  Cf.  vol.  ii.  p.  262  ;  also 
♦Systeme  Social'  (1848),  p.  95, 
and  the  '  Memoire  sur  la  Statistique 
Morale' (1848). 

3  Vol.  xcii.  p.  18. 

*  The  '  History  of  Civilisation,' 
vol.  i.,  appeared  in  1857,  and  was 
very  soon  translated  in  Germany, 
running  in  a  short  time  through 
five  editions.  There  the  statistical 
theories  of  Quetelet  had  not  made 
that  impression  which  they  made 
in  some  other  countries.  This  is 
explained  by  the  fact  that  the 
philosophy  of  Kant,  to  which 
Buckle  himself  referred  in  a  long 
passage  in  his  "  Introduction,"  had 
long   before    Quetelet   accustomed 


thinkers   to  abandon   the   popular 

conception  of  freewill,  which  sees 

in  it  merely  the  absence  of  causal 

determinateness,  in  favour  of   the 

causal  connection  of  so-called  free 

actions  with  the  motives  and  the 

moral  character.     The  subject  has 

been  very  fully  discussed  by  F.  A. 

Lange  in  his  well-known  '  History 

of    MateriaHsm'   (Eng.    trans,    by 

Thomas,     vol.    iii.     p.    196>    ^c.) 

Lange  refers  to  a  remark  of   the 

well  -  known     political     economist, 

Prof.  Adolph  Wagner,  who,  in  his 

work  '  Die  Gesetzmiissigkeit  in  den 

scheinbar    willkiihrlichen   mensch- 

lichen      Handlungen '     (Hamburg, 

1864,    p.    xiii,   &c.),    mentions    the 

fact  that  Quetelet's  writings  had 


port  of  one  of  his  favourite  theses  —  viz.,  that  the 
course  of  historical  progress  depends  on  the  combined 
action  of  the  external  physical  surroundings  and  of 
the  intellectual  side  of  human  nature.  Apart  from 
intellectual  modifications  the  moral  side  is  a  con- 
stant. In  the  course  of  the  discussions  following 
the  appearance  of  Buckle's  History,  especially  in  Ger- 
many, it  was  conclusively  shown  that  statistical 
figures  prove  neither  one  view  nor  the  other:  indeed, 
one  of  the  most  complete  and  exhaustive  treatises 
on  moral  statistics  comes  from  the  orthodox  pen  of 
Alexander  von  Oettingen,  a  Professor  of  Theology,  just 
as  we  saw  that  the  first  great  work  on  political  arith- 
metic in  Germany  came  from  the  pastor  Siissmilch 
a  century   earlier.       Philosophical    writers   like  Lotze  ^ 


not  received  the  attention  merited  : 
"This  reproach  does  not  quite 
hit  the  right  point.  .  .  .  Wagner 
might,  in  fact,  have  been  led  by 
Buckle  ...  to  see  that  German 
philosophy  in  the  doctrine  of  the 
freedom  of  the  will  has  for  once 
an  advantage  which  permits  it  to  re- 
gard these  new  studies  with  equan- 
imity ;  for  Buckle  supports  himself 
above  all  upon  Kant,  adducing  his 
testimony  for  the  empirical  neces- 
sity of  human  actions,  and  leaving 
aside  the  transcendental  theory  of 
freedom.  Although  all  that  ma- 
terialism can  draw  from  moral 
statistics  ...  for  the  practical 
value  of  a  materialistic  tendency 
of  the  age  as  against  idealism  has 
thus  been  conceded  by  Kant,  it 
is  by  no  means  indifferent  whether 
moral  statistics,  and,  as  we  may 
put  it,  the  whole  of  statistics,  is 
placed  in  the  foreground  of  an- 
thropological study  or  not;  for 
moral  statistics  direct  the  view 
outwards  upon  the  real  measurable 


facts  of  life,  while  the  German 
philosophy,  despite  its  clearness  as 
to  the  nullity  of  the  old  doctrine 
of  freewill,  still  always  prefers  to 
direct  its  view  inwards  upon  the 
facts  of  consciousness." 

^  Lotze's    deliverances    on    this 
subject  will  be  found  in  the  third 
chapter   of    the   seventh    book    of 
the  '  Microcosmus  '  (Eng.  trans,  by 
Hamilton  and  Jones,  vol.  ii.  p.  200, 
&c. ),  and   also   in   the  *  Logik '  of 
1874  (Book   II.  chap.  8).     In  the 
former  passage  he  says  :  * '  The  dis- 
like with  which  we   hear   of   laws 
of  psychic  life,  whilst   we  do  not 
hesitate   to    regard   bodily   life    as 
subordinate  to  it  own  laws,  arises 
partly     because     we    require    too 
much   from   our  own    freedom   of 
will,    partly   because   we   let    our- 
selves be  too  much  imposed  upon 
by  those  laws.     If  we  do  not  find 
ourselves  involved  in  the  declared 
struggle     between     freedom     and 
necessity,    we    are    by    no    means 
averse  to  regarding  the  actions  of 
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24. 

Criticism  of 
pretension 
of  statistics. 


and  Drobisch^  have  long  ago  reduced  to  their  proper 
measure  the  pretensions  of  statistics,  and  it  is  now 
generally  admitted  that  in  the  sciences  dealing  with 
human  nature  and  society,  as  in  those  which  inves- 
tigate purely  physical  phenomena,  observations,  figures 
and  measurements  rarely  if  ever  suffice  to  establish  a 
valid  generalisation;  but  that,  if  such  be  suggested  by 
other  processes  of  thought,  notably  through  attentive  re- 
flection on,  and  analysis  of,  single  and  accessible  cases, 
statistics   supply   the  indispensable  material  by   which 


men    as    determined    by    circum- 
stances :  in  fact,  all  expectation  of 
good   from   education  and   all  the 
work    of    history   are    based   upon 
the  conviction   that  the  will  may 
be  influenced  by  growth  of  insight, 
by  ennoblement  of  feeling,  and  by 
improvement  of  the  external  con- 
ditions of  life.     On  the  other  side, 
a  consideration    of    freedom   itself 
would    teach    us    that    the    very 
notion    is   repugnant  to   common- 
sense  if  it  does   not   include   sus- 
ceptibility to  the  worth  of  motives, 
and   that  the   freedom   of   willing 
can  by  no  means  signify  absolute 
capacity   of   carrying   out  what  is 
willed."     And,  further,  he  remarks 
on    "the     extreme     overhastiness 
with    which    the    statistical    myth 
has  been  built  up  from  deductions 
which  cannot  be  relied  upon.     We 
have  vet  to    obtain   from   exacter 
investigations    the    true    material 
for   more  trustworthy   conclusions 
— material  which  should  take  the 
place  of  the  statistical  myth  above 
referred  to." 

1  Before  Lotze,  and  as  early  as 
1849,  M.  W.  Drobisch,  the  Her- 
bartian,  had  reviewed  Quetelet's 
Memoir, '  Sur  la  Statistique  morale,' 
Xec:  and  later  (1867),  after  the 
publication  of  A.  Wagner's  work,  he 
came  back  to  the  subject  in  an  im- 


portant tract, '  Die  moralische  Stat- 
istik  und  die  menschliche  Willens- 
freiheit,'  which  should  be  read  by 
every  one  who  desires  to  form  just 
views    on    the    subject.     "  In    all 
such  facts,"  says  Drobisch,  "there 
are  reflected  not  natural  laws  pure 
and    simple,  to   which    man    must 
submit  as  to   destiny,  but  at  the 
same  time  the  moral  conditions  of 
society,  which   are   determined  by 
the    mighty    influences    of    family 
Ufe,  of    the    school,   the    Church, 
of    legislation,  and    are,  therefore, 
quite  capable  of   improvement  by 
the    will    of    man"    (Zeitsch.    fiir 
exacte    Philos.,'  vol.    iv.    p.   329). 
After  all   that   has  been  said  by 
Quetelet,   Buckle,  and    others,  the 
words   of   Schiller   (' Wallenstem  s 
Tod,'  ii.   3)  still   remain    the    best 
statement  of  the  problem  :— 

"Des  Menschen  Thaten  und  Gedanken, 

wisst  ! 
Sind    niclit  wie  Meeres  blind  bewegte 

Wellen. 
Die  innre  Welt,  sein  Microcosmus,  ist 
Der   tiefe    Schacht,  aus    deni    sie   ewig 

quellen. 
Sie   sind   nothwendig,  wie   des  Baumes 

Frucht ;  ,    ,   j      -^vf 

Sie    kann    der    ZufaU    gaukelnd   nicht 

verwandeln, 
Hab'ich  des  Menschen  Kern  erst  unttr- 

So  weiss  ich  auch  sein  Wollen  und  sein 
Hendeln." 


these  generalisations  can  be  tested,  elevated  to  the  rank 
of  leading  canons  of  thought  and  research,  and  in  rare 
cases  to  that  of  the  expression  of  a  law  of  nature.  So 
far,  therefore,  as  the  complicated  phenomena  presented 
in  meteorology,  agriculture,  and  economics  are  concerned, 
the  suggestions  leading  to  so-called  laws  have  in  every 
case  been  got  elsewhere — from  astronomy,  chemistry, 
psychology,  history,  &c. ;  and  the  work  of  science  has 
subsequently  consisted  largely  in  gathering  the  necessary 
statistical  materials  by  which  to  prove,  amplify,  curtail, 
or  refute  them.  In  many  cases  it  has  been  found  that 
even  elaborate  series  of  observations  had  not  been  per- 
formed in  such  a  manner^  as  would  permit  of  the 
necessary  inferences  being  drawn  from  them.  Similarly 
biologists  after  Darwin  have  had  to  rearrange  the  collec- 
tions made  by  those  who  came  before  the  epoch  marked 
by  that  great  name. 


^  This  refers  as  much  to  statist- 
ical figures  as  to  the  knowledge 
accumulated  in  many  of  the  natural 
sciences.  Especially  it  refers  to  the 
statistical  material  upon  which 
Quetelet  based  his  startling  and 
epoch-making  assertions :  the  earlier 
critics  had,  as  V.  John  observes 
('Geschichte  der  Statistik,'  p.  364), 
dealt  with  the  deductions  which 
Quetelet  had  drawn,  without  deal- 
ing with  the  empirical  material 
itself.  It  was  therefore  of  great 
importance  that  Prof.  Rehnisch  of 
GiJttingen  for  the  first  time  sub- 
mitted the  figures  themselves  to  a 
searching  analysis.  He  did  this 
in  the  years  1875-76,  in  his  articles 
in  the  '  Zeitschrift  fiir  Philosophie 
und  Philosophische  Kritik, '  through 
which  it  became  evident  that  the 
inferences  were,  as  Lotze  had 
Iready  suggested,  to  say  the  least. 


premature.     "  In  the  memoir  *  Sur 
le  Penchant  au  Crime  '  (1831),  only 
four  years,  and  in  the  work  '  Sur 
I'Homme,'  only  six  years  1826-31) 
of  the  'compte  general,'  furnished 
the  data  upon  which  the  astound- 
ing  regularity   with    which   crime 
repeats  itself  was  maintained  "  (V. 
John,  p.  365).     Rehnisch  adds  many 
other  examples  of  the  extreme  in- 
completeness of  the  records  upon 
which   the   theory    of   Quetelet   is 
built    up.       More    recent    labours 
have    therefore    been    to    a    large 
extent  directed  towards  gathering 
more  complete  statistical  data,  as 
well    as    towards    improving    the 
mathematical  methods  themselves 
to  which  not  only  these  but  also 
the      population      and     mortality 
statistics  have  been  submitted,  for 
the  purpose  of  arriving  at  average 
figures. 
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25. 
Historical 
criticism. 


With  the  scientific   treatment  of   the  phenomena  of 
human    society,   the    name    of    Adolphe    Quetelet    will 
always   be   associated;   yet   the  mathematical   or  exact 
school  was  not  the   only   one  which   in   the   course  of 
the  first  half  of  the  century  had  approached  the  subject. 
Notably    in    Germany,   under    the    ruling    influence   of 
philosophical,   historical,   and    critical   studies,   a  school 
of    research    had    grown    up    calling    itself    the    his- 
torical.    If  the  centre  of  gravity  of  the  mathematical 
view   lies   in    the    conception    of    a   certain   uniformity 
and    stability    of    social    phenomena,   the    other    school 
looked   more   to    historical    changes   and   developments, 
opposing    the    doctrine    of    the    movement    or    of    the 
dynamics    to    that   of  the  statics   of   society.       Its  in- 
spiration   came     from    a    dififerent    quarter,    and    will 
occupy  us  in  a  later   portion   of   this   work.     For  the 
moment  it  suffices   to   remark    how   here   also,   in  the 
study  of  economics  and  social  phenomena,  the  develop- 
mental   or    genetic   view    has    gradually    dispelled   the 
earlier    search    for    recurrent    forms    and    regularities, 
which    we    may    term    the    morphological   aspect:    the 
physiology  has  succeeded  the  anatomy  of  society. 

But  statistical  methods,  with  the  accompanying  doc- 
trines of  probability  and  averages  and  the  theory  of 
error,  have  not  only  been  extensively  and  usefully 
employed  where  large  numbers  of  similar  facts  and 
events  crowd  in  upon  our  observation,  and,  as  it  were, 
overwhelm  us  by  their  multitudes,  as  in  astronomy, 
meteorology,  economics,  and  political  arithmetic:  they 
have  also  shown  themselves  applicable  by  what  we 
may  term  the  inverse  method.       Quetelet,  when  deal- 
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ing  with  long  columns  of  human  statistics,  felt  a 
relief  in  studying  the  average  or  mean  man.  Is  it 
not  possible  that  in  many  instances  what  nature  and 
experience  show  us  is  only  the  average  itself  —  our 
senses  and  our  intellect  being  too  coarse  to  penetrate 
to  the  numberless  individual  cases  out  of  which  the 
sum  or  the  average  is  made  up  ?  May  not  even  the 
simplest  phenomenon  or  thing  in  nature  be  in  fact 
an  aggregate,  a  total,  and  its  apparent  behaviour  and 
properties  merely  a  collective  effect  ?  Both  the  kinetic 
and  the  atomic  view  of  natural  objects  and  phenomena 
seem  to  favour  this  way  of  regarding  things, —  the 
former  showing  us  in  many  cases  motion  and  unrest 
where  at  the  first  glance  we  saw  only  rest,  and  the 
latter  dissolving  apparently  continuous  and  homogene- 
ous structures  into  crowds  or  assemblages  of  many 
particles. 

Thus  the  apparently  steady  pressure  of  gases  is  now 
known  to  be  in  reality  the  violent  bombardment  of 
the  wall  of  the  containing  vessel  by  their  mole- 
cules ;  and  the  most  homogeneous  and  transparent 
crystal  is  revealed,  by  its  optical  properties,  as  an 
assemblage  of  very  minute  particles,  held  together  by 
forces  which  may  be  overcome  by  mechanical  or 
chemical  agencies.  Eegarded  from  this  point  of  view, 
our  knowledge  of  natural  objects  is  merely  statistical : 
It  deals  with  aggregates ;  it  is  a  collective  knowledge. 
And  if  we  further  consider  that  the  sameness  of  the 
numberless  constituent  particles  is  by  no  means  proved, 
this  collective  knowledge  turns  out  to  be  merely  con- 
cerned with  averages:    it  is  statistical,   not  individual, 


26. 
Application 
in  physics. 


27. 
Clausius 
and  Clerk 
Maxwell. 
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information  that  we  seem  to  possess ;  it  resembles  the 
knowledge  which  an  economist  may  possess  of  the 
statistics  of  a  society  or  of  the  properties  of  the 
'mean"  man.  If  such  be  the  case,  the  theory  of 
larc^e  numbers  and  the  calculus  of  probabilities  must 
be  applicable  and  useful  in  dealing  with  those 
phenomena  which,  through  their  minuteness  and  great 
number,  elude  our  detailed  examination. 

The  first  to  introduce  this  conception  of  treat- 
ing a  very  large  assemblage  of  moving  things  by  the 
method  of  averages  was  Joule,l  who,  adopting  Daniel 
Bernoulli's  conception,  calculated  the  average  velocity 
which  a  particle  of  hydrogen  gas  must  possess  in 
order  to  explain  the  total  effect  which  shows  itself 
as  a  definite  gas  pressure  at  a  definite  temperature. 
His  result  was  that  this  average  speed  must  be  6055 
feet  per  second  in  order  to  be  equal  to  the  pressure 
of  one  atmosphere  at  the  zero  temperature  of  the 
Centigrade  scale.  The  speed  of  the  particles,  however, 
cannot  be  assumed  to  be  equal,  owing  to  continual 
encounters;  and  we  are  indebted  to  Clausius  and 
Clerk-Maxwell  for  introducing  the  more  refined  statis- 
tical methods  of  the  theory  of  probabilities.  They 
calculated  the  mean  free  path,  and  showed  that 
former  calculations  of  the  average  speed  were  in  the 
main  correct.  The  kinetic  theory  of  gases  afforded  an 
opportunity  of  brilliantly  applying  the  conceptions  of 
averages  or  means  and  of  the  differences  of  frequencies 
as  the  measure  of  the  probability  of  certain  occurrences. 
In  this  case — as  was  first  shown  by  Joule's  figures — we 

^  See  supra,  vol.  i.  p.  434,  and  vol.  ii.  p.  110. 
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have  to  do  with  billions  and  trillions  of  particles,  moving 
with  velocities  varying  from  zero  to  many  thousands 
of  miles  per  second:  we  have  therefore  to  do  with 
numbers  which  practically  mean  infinity — that  is  to 
say,  we  have  to  do  with  that  condition  of  things 
where  alone  the  laws  of  probability  become  strictly 
correct.-^ 

In  this  case,  any  deductions  which  can  be  made  as  to 
the  average  condition  or  collective  behaviour  of  an  in- 
finitely large  assemblage  of  particles,  whose  individual 
members  move  about  with  infinitely  varying  velocities 
at  infinitely  varying  speeds  in  infinitely  varying  direc- 
tions, must  be  realised  in  the  well-known  laws  of 
gaseous  bodies  referring  to  pressure,  volume,  expansion, 
molecular  structure,  and  heat,  assuming  the  latter  to  be 
merely  the  sensible  effect  on  our  nerves  of  very  numer- 
ous impingements  of  infinitesimally  small  particles.  It 
is  one  of  the  greatest  triumphs  of  the  mathematical 
methods  applied  in  one  of  the  most  difficult  instances, 
that  the  average  behaviour  and  collective  properties  of 


^  P.  G.    Tait   ('Heat,'  1884,    p. 
355)  says  :  "  It  is  to  Clausius  that 
we  are   indebted   for  the   earliest 
approach  to  an  adequate  treatment 
of  this  question.     He  was  the  first 
to  take  into  account  the  collisions 
between  the  particles,  and  to  show 
that  these  did  not  alter  the   pre- 
viously obtained  results.      He  has 
also  the  great  credit  of  introducing 
the    statistical     methods     of    the 
theory  of  probabilities,  and  of  thus 
giving  at  least  approximate  ideas  as 
to  the  probable  length  of  the  mean 
f^^epath~i.e.,the  average  distance 
travelled  over  by  a  particle  before 
It  impinges  on  another,  and  thus 


has  its  course  changed.  He  thus 
explains  also  the  slowness  of  diffu- 
sion of  gases,  and  their  very  small 
conductivity  of  heat.  Clerk-Max- 
well shortly  afterwards  improved 
the  theory  by  introducing,  also  from 
the  statistical  point  of  view,  the 
consideration  of  the  variety  of 
speed  at  which  the  different  par- 
ticles are  moving ;  Clausius  having 
expressly  limited  his  investigations 
by  assuming  for  simplicity  that  all 
move  with  equal  speed.  Clerk- 
Maxwell  explained  gaseous  friction, 
and  gave  a  more  definite  determina- 
tion of  the  length  of  the  mean  free 
path." 
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such  moving  crowds  turn  out  to  be  exactly  those  laws 
«        which  Boyle,  Charles,  Gay-Lussac,  Dalton.  and  Avogadro 
JIS^v  had  found  out  by  direct  experiments  with  gaseous  bodies. 
o?en«r?"   James  Clerk  -  Maxwell  was   the  first   to    recognise  the 
„entauaws.  .,^      jance    of    the    statistical   methods,    and    to 

apply  them  in  an  exhaustive  manner*  And  we  witness 
here  the  same  spectacle  which  presented  itself  in  the 
history  of  the  theory  of  probabilities.  Problems  which 
are  to  be  solved  by  the  mere  application  of  a  few  rules 
dictated  by  common-sense  and  an  exercise  of  common 
locnc  present  in  their  complexity  such  a  multitude 
of%raps,  snares,  and  pitfalls,  that  it  required  the  suc- 
cessive application  of  the  highest  intellects  to  free  the 
reasoning  from  insidious  errors,  and  put  the  results  on 


1  The    manner    in   which  Joule 
dealt  with  the  problem  of  a  large 
crowd  of   moving  particles  m   his 
memoir   of  1851    was   not   strictly 
.statistical,   inasmuch   as   he    dealt 
with    an  average   velocity  »*    ^^^ 
molecules,  and  assumed  that  ail  the 
molecules  of  a  gas  moved  with  the 
same   velocity.       Clausius,   m    his 
memoir  of  1857,  made  use  of   as- 
..umptions    which    were    uiore    m 
conformity  with  nature :   he   had, 
.accordingly,  to  employ  the  calcu  us 
of  probabilities.      Clerk  -  Maxwell  s 
occupation  with  the  subject  dates 
from  the  year  1859,  when  he  read 
his    paper,    -Illustrations    of    the 
Dynamic  Theory  of  Gases     Part  1. 
(published  in  the  '  Phil.  Mag.,   4th 
series,  vol.  xix.  p.  19,  reprinted  in 
'Scientific   Papers,     vol.    i.)       He 
showed   that    "the    velocities    are 
distributed    among    the    particles 
according  to  the  same  law  as  errors 
are  distributed  among  the  oteerva- 
tions  in  the  theory  of  the  method 
of   least  squares.       The  velocities 
range  from  0  to  oo,  but  the  number 


of  those  having  great  velocities  is 
comparatively  small."     If  we  leave 
out  Joule's   imperfect  attempt  to 
employ  the  statistical  method,  one 
of    the    first    applications    of    the 
method   of    averages   to    a   physi- 
cal   problem    is    to    be   found    in 
Sir    G.    G.    Stokes's    paper    '  On 
the    Composition    of     Streams    of 
Polarised     Light     from     different 
Sources"   (' Camb.    Phil.    Trans., 
1853),    where     he    shows    "what 
will  be  the  average  efi'ect  of  a  very 
great   number    of    special    sources 
of  light :   thus  giving  one  of  the 
earliest  illustrations  of  the  use,  m 
physics,  of  the  statistical  methods 
of   probabilities.    .    .    .   From  this 
point   of    view   the  uniformity  ot 
optical  phenomena  becomes  quite 
analogous  to  the  statistical  species 
of  uniformity,  which  is  now  found 
to  account  for  the  behaviour  of  the 
practically  infinite  group  of  particles 
forming  a  cubic  inch  of   gas     (r. 
G.  Tait,  '  Light,' 2nd  ed.,  1889.  p. 

237). 
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undisputed  and  indisputable  bases.^  In  proportion  as 
this  has  been  done  the  calculated  results  have  proved 
to  be  in  closer  and  closer  accord  with  observed  facts.  I 
will  here  mention  only  one  of  the  latest  achievements 
in  this  line  of  research  and  reasoning.  Assuming — 
as  the  atomic  and  kinetic  theories  do — that  all  external 
phenomena  of  bodies  can  be  reduced  to  the  collective 
or  mean  effect  of  a  practically  infinite  variety  of  tur- 
bulent movements  of  a  very  large  number  of  particles,  it 
must  be  possible  to  give  a  mechanical  explanation  of 
that  remarkable  property  of  all  phenomena  of  nature, 
first  noticed  by  Lord  Kelvin,  that  they  are  essentiallv  buftyTf 

.,  ,  .  •/  ./    natural 

irreversible — i.e.,  that,  with  very  rare  exceptions,  they  P'^ocesses 
take  place  in  a  certain  direction  which  we  may  define  as 
an  equalisation  of  existing  differences  of  level,  tempera- 
ture, electric  pressure,  and  similar  inequalities.  In  order 
to  fix  this  remarkable  property  of  all  natural  phenomena, 
physicists  found  themselves  obliged  to  introduce,  along- 
side of  energy  and  mass  (which  are  both  assumed  to 
conserve  or  maintain  their  total  quantity),  a  third  some- 
thing which  is  the  measure  of  the  degree  in  which  an 
existing  distribution  of  mass  and  energy  can  be  con- 
sidered to  be  capable  of  external,  visible,  finite  activity 


29. 
In'cversi- 


r 


^  Those  who  are  interested  in 
seeing  how  difficult  it  is  to  link 
together  the  common -sense  argu- 
naents  of  the  theory  of  probabilities 
in  a  consistent  chain  of  unimpeach- 
able logic,  should  read  the  report 
on  the  various  attempts  to  prove 
Clerk-Maxwell's  law  (mentioned  in 
tlie  foregoing  note)  contained  in 
Prof.  0.  E.  Meyer's  *  Kinetische 
Theorie  der  Gase '  (2nd  ed.,  Breslau, 
1899),  especially   p.   46,    &c.,    and 

VOL.  II. 


'  Mathematical  Appendix,'  p.  17  ; 
and  the  great  number  of  memoirs 
referred  to  on  p.  60  of  that  book. 
Nevertheless  Tait  speaks  of  the  still 
remaining  difficulties  in  the  kinetic 
theory  of  gases  as  having  been 
"  greatly  enhanced  by  an  apparently 
unwarranted  application  of  the 
theory  of  probabilities  on  which 
the  statistical  method  is  based." 
('Properties  of  Matter,'  2nd  ed., 
1890,  p.  291.) 

2  P 


594 


SCIENTIFIC   THOUGHT. 


30. 
Lord 
Kelvin. 


■ 


—i.e.,  of  its  availability  to  do  work.^  The  infinitesimally 
small  motions  of  an  immense  crowd  may  be  exerted  in 
such  a  way  as  to  total  up  to  a  finite  movement  per- 
ceptible to  our  senses  and  accessible  to  our  handling,  or 
they  may  so  mutually  annul  each  other  as  to  present  in 
their  finite  sum  and  aggregate  the  appearance  of  rest  and 
inaction,  however  turbulent  their  behaviour  might  appear 
to  an  observer  gifted  with  powers  of  perception  milHons 
of  times  more  delicate  than  ours.  Lord  Kelvin  intro- 
duced the  conception  of  the  availability  of  energy,'^ 
Clausius  that  of  entropy  (or  energy  which  is  hidden 
away),  to  measure  this  condition  of  any  natural  system. 
Has  the  statistical  view  any  conception  to  put  at  the 
base  of  this  remarkable  property  of  natural  phenomena  ? 
It   has,  and  we    must    assign    to    Clerk  -  Maxwell '  the 


1  See    supra,   chap.   vii.  p.  128, 

&c. 

2  Or  of  "motivity"  (i-e., 
"  energy  for  motive  power "), 
this  being  "  the  possession,  the 
waste  of  which  is  called  dissi- 
pation." See  supra,  chap.  vii. 
p.  168  ;  also  Thomson  (Lord 
Kelvin),   '  Popular  Addresses,'  vol. 

i.  p.  141. 

»  The    contributions    of    Clerk- 
Maxwell  to  this  topic  are  notably 
two,   independently    of   the   larger 
view  which  he  took  of  statistical, 
as  compared  with  historical,  know- 
ledge, of  which  I  treat  farther  on 
in  this  chapter.     First,  in  the  con- 
cluding remarks  of  his  treatise  on 
the    'Theory  of   Heat'  ("On  the 
Limitation  of   the  Second  Law  of 
Thermodynamics")  he  introduced 
his  famous  conception  of  a  "sort- 
ing demon,"  the  meaning  of  which 
fanciful  device  was,  to  impress  upon 
the  student  of  the  dynamical  theory 
of  heat,   first,    the  fact   that   the 


loss  of  availability  of  the  energy  of 
molecular   motion  is  owing  to  the 
coarseness  of  our  senses ;  and  second, 
that  the  restoration  of  ditferences 
of  temperature,  or  of   availability 
of   energy,   is    simply  a  matter  of 
arrangement   or   order,  not  of  an 
increase    of    the    intrinsic   energy 
of   the   system.     The   subject  has 
been  frequently  referred  to,  notably 
by  Lord  Kelvin,  who  says  ("  On  the 
Sorting  Demon  of  Clerk-Maxwell, 
Royal  Institution,  February  1879. 
Reprinted    in    'Popular    Lectures 
and  Addresses,'  vol.  i.  p.  137,  &c.) : 
"Dissipation  of  energy  follows  in 
nature   from    the   fortuitous    con- 
course of  atoms.    The  lost  motivity 
is  essentially  not  restorable  other- 
wise than  by   an    agency    dealing 
with    individual    atoms  ;    and  the 
mode  of    dealing  with   the    atoms 
to  restore  motivity  is  essentiallv  a 
process  of  assortment,  sending  this 
way  all  of  one  kind  or  class,  that 
way  all  of  another  kind  or  class 
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credit  of  having  first  indicated,  and  to  Prof.  Boltzmann  i 
—aided  by  many  other  eminent  natural  philosophers 
—that  of  having  definitely  established,  this  highly 
suggestive  explanation  or  illustration.  The  doctrine 
of  chances,    to    which    artifice   the   statistical    view    of 


(p.  139).     "The  conception  of  the 
'  sorting  demon  '  is  merely  mechan- 
ical, and  is  of  great  value  in  purely 
physical    science.     It  was   not   in- 
vented to  help    us    to    deal   with 
questions   regarding   the   influence 
of  life  and   mind  on  the  motions 
of  matter,  questions  essentially  be- 
yond the  range  of  mere  dynamics" 
(p.   141).     The  other  contribution 
through    which     Clerk  -  Maxwell's 
name  has  become  celebrated  in  this 
connection  is  to  be   found  in  the 
so-called  Maxwell-Boltzmann  law  of 
the  distribution  of  kinetic  energy 
in    a    mass    of    moving    particles. 
The     discussion     of     the     subject 
dates   from    the    first    memoir   of 
Clerk-Maxwell,  quoted  above  ;  and, 
after  Prof.  Boltzmann  had  treated 
of    the    same    subject    in     1868, 
and   Mr   Watson   in   1876,    Clerk- 
Maxwell  returned  to  it  in  a  paper 
*'0n    Energy     in     a     System    of 
Material    Points"    (' Camb.    Phil. 
Soc.,'  vol.  xii.)     In  the  year  1894 
Prof.    Bryan    presented    the    2nd 
part    of     his     Report     on     "Our 
Knowledge    of   Thermodynamics" 
(Brit.   Assoc.   Rep.,'  1894,  p.   64, 
&c.),  in  which  he  gives  an  account 
of  all   the  different  investigations 
referring   to    this    subject,    up   to 
that  date.     This  was  followed  by 
a  long   discussion   of   the   subject 
in  the  pages  of  "Nature'  (vol.  li.), 
Ill  which  Messrs  Bryan,  Boltzmann. 
Burbury,  Culverwell,  Larmor,  and 
I .  i^'    ^^*^son    took    part,    and 
which  gave   Prof.   Boltzmann   the 
opportunity  of  giving  a  final   ex- 
pression of  his  opinion  (p.  415). 

Prof.    Boltzmann's    investiga- 
tions connected   with  the  second 


law   of    thermodynamics    and   the 
kinetic  theory  of  gases  cover  the 
last    thirty -five    years.      He    has 
succeeded   in    putting    the    whole 
problem   more    and    more    into    a 
strictly   accurate,    as    also   into    a 
popularly   intelligible,  form.     Un- 
fortunately his  very  numerous  con- 
tributions are  scattered  in  various 
periodical    publications,   and   have 
not   yet    appeared   in   a   collected 
edition.      Most   of  them   appeared 
in   the   Proceedings    and  Transac- 
tions   of    the     Vienna   Academy, 
among  which  the  Address  delivered 
on    the  .29th    May    1886    can    be 
specially  recommended.  Since  then, 
and   after    the    correspondence   in 
'Nature'     referred     to     in      the 
last    note,    he    has    published   his 
lectures    '  Vorlesungen    iiber    Gas- 
Theorie  '  (2  vols.,  Leipzig,  1896-98). 
He   there   (vol.   ii.    p.    260,   note) 
gives  a  list  of  the  most  important 
literature  on  the  subject,  and  also 
a  general   summary  regarding  the 
application  of  the  theory  of  prob- 
abilities to  the  distribution  of  the 
kinetic     energy     of     a    crowd     of 
moving    particles.     In     this     con- 
nection   he    also    deals    with   the 
consequences    of    the    atomic    hy- 
pothesis, the  irreversibility  of   all 
natural  processes,  and  the  applica- 
tion   of    the    second    law    to   the 
history  of  the  universe.     He  there 
says    (p.    263):    "The    fact   that 
the    closed     system    of    a    finite 
number    of    molecules,    if   it   had 
originally  an  orderly  condition,  and 
has   then   lapsed  into  a  disorderly 
one,  must    finally,  after  the  lapse 
of  an   inconceivably   long    period, 
assume  again  orderly  conditions,  is 
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phenomena  reduces  us,  distinguishes  between  probable 
and  improbable  events  or  arrangements  of  a  crowd 
of  elements— i.^.,  between  such  as  are  of  an  average 
and  such  as  are  of  an  exceptional  character.  Any 
highly  improbable  arrangement— though  possible— will 
be  followed  by  a  gradual  settling  down  to  more  prob- 
able or  average  arrangements.  And  as  in  nature  you 
are  forced  to  introduce  the  conception  of  availability,  so 
in  the  calculus  of  chances  you  can  introduce  a  certain 
mathematical  quantity  which  is  the  measure  of  the  proba- 
bility.    The  more  improbable,  i.e.,  exceptional,  the  begin- 


not  a  refutation,  but  a  confirmation, 
of  our  theory.    But  one  must  not 
consider   the   matter   thus:    as   if 
two  gases  .  .  .  which  were  initially 
unmixed,  then  became  mixed,  after 
a  few  days   again   unmixed,    then 
again  mixed,  &c.     We  find,  rather, 
that    .    .     .    only  after    a    period 
which,  even  compared  with  10  10  i 
years,  is  enormously  great,  a  per- 
ceptible unmixing  would  take  place. 
That  this  is  practically  equivalent 
to   never,  we   see,  if   we   consider 
that   in   this    period    there  would 
be,  according  to  the  laws  of  prob- 
ability, many   years   in  which,  by 
mere  chance,  all  the  inhabitants  of 
a  large  city    would,  on  the   same 
day,  commit  suicide,  or  fire  break 
out  in  all  its  buildings;    whereas 
the  insurance  companies  are  in  so 
good  an  agreement  with  facts  that 
they  do  not  consider  such  cases  at 
all.     If  even  a  much   smaller  im- 
probability   were    not    practically 
identical  with  impossibility,  nobody 
could    rely   upon  the  present  day 
being   followed   by  night  and  the 
latter  again  by  day."    And  further 
(p.  255)  :  "  If  we,  therefore,  repre- 
sent  the  world   under   the   figure 
of  an  enormously  large  mechanical 
system,    composed   of   enormously 


numerous    atoms,    which    started 
from    a    very     perfectly     ordered 
condition,    and    exist   still   mainly 
in  an  orderly  condition,  we  arrive 
at     consequences    which     actually 
stand    in    perfect     harmony    with 
observed    facts";     and    (p.    258), 
"That    in    nature    the   transition 
from  a  probable  to  an  improbable 
condition  does  not  happen  as  fre- 
quently  as    the    reverse,    can    be 
explained  by  the  assumption  of  a 
very   improbable    initial    state    of 
the  whole  surrounding  universe,  in 
consequence  of  which  any  arbitrary 
system  of  interacting  bodies  is,  in 
general,  in  an  improbable  condition 
to    begin    with.     But    one   might 
say,    that     here     and     there    the 
transition    from    probable   to   im- 
probable    conditions    must,    after 
all,  be  observable.  .  .   .  From  the 
numbers  regarding  the  inconceiv- 
ably   great   rarity    of  a   transition 
from   probable  to  improbable  con- 
ditions,    happening   in   observable 
dimensions     and     during    an    ob- 
servable    period,    it    is    explained 
how  such   a   process   within   what 
we,    cosmologically,    call   a   single 
world,  or,  specially,  our  world,  is 
so  extremely  rare  that  any  experi- 
ence of  it  is  excluded." 
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ning  you   choose,  the  greater  your   distance   from   the 
average  or  most  probable  condition  into  which,  in  the 
long-run,  things  must  settle  down;  the  more  play  for 
the    equalising   and   levelling   down   of    coming   events. 
The  world — or  at  least  that  part  of  the  world  accessible 
to  our  observation,  and  the  playground  of  our  activity — 
shows  a  large  amount  of  available  energy,  or,  expressed 
in  a  purely  statistical  manner,  it  started  from  a  highly 
improbable  condition,  and  it   is  descending  or  running 
down  into  a  more  probable  or  average  condition.     The 
doctrine   of  availability   or   of    its   reverse,   of    entropy 
— i.e.,  of   the   loss  of   availability — turns  out   to  be  a 
theorem  of  probabilities ;  and  the  refined  mathematical 
researches   of   Prof.   Boltzmann    and    others   show   that 
these  two  conceptions  can  be  made  to  cover  each  other. 
Moreover,  we   can    bring   home    to  the  popular   under- 
standing   the   difference   between    the   exceptional   con- 
dition, with  its   large  amount  of  available  energy,  and 
the  average  condition,  with   its   large   amount  of  self- 
destructive    and    wasted    energy    (or    entropy),   by   the 
simile  of  order  and  disorder.     For  every  arrangement  of 
a  crowd  of  things  or  beings  which  is  orderly,  there  are 
innumerable  arrangements  which  are  disorderly;  every 
one  knows  how  easily  the   orderly  arrangement  lapses 
mto  disorder,  and  nobody  expects    by  mere  haphazard 
or  chance  movements  to  produce  order  out  of  disorder. 
There  are  thousands  of  ways  by  which  a  stone  can  fall 
from  the  peak  of  a  mountain  to  the  lower  levels,  but 
only  one  direction  which  would  take  it  up  again  to  the 
top.     A  tree  has  been  suggested  as  the  picture  of  the 
course  that  natural  movements  take :  for  the  one  position 


31. 
"  Avail- 
ability "  a 
theorem  in 
probability. 
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in  the  trunk,  where  all  branches  and  all  roots  meet, 
there  are  in  both  directions  numberless  ways  of  rami- 
fication or  dissipation  into  the  twigs  or  the  root-fibres. 
The  statistical  view  measures  the  chances  of  an  orderly 
arrangement  compared  with  disorder,  of  a  commanding 
unique  position  compared  with  the  average  or  mean 
position,  by  saying  the  odds  are  infinity  to  one  against 
it.  The  orderly  exceptional  position  and  arrangement 
of  a  crowd  does  not  possess  more  actual  energy,  but  its 
energy  is  directed,  arranged,  it  has  become  available — 
get-at-able. 
32.  And  what  is  it  that  changes  disorder  into  order  ?     It 

ll^conSwed  is  a  process  of  selection.  Maxwell  imagined  a  sorting 
by  Maxwell.  ^^^^^  eudowcd  with  powers  of  perceiving  and  dividing 
the  immeasurably  small  movements  of  a  gaseous  body — 
i.e.,  of  a  crowd  of  particles  in  turbulent  to  and  fro  move- 
ment. Such  a  being  could,  by  mere  selection  and 
separation  of  the  slow  and  fast  moving  particles,  bring 
order  into  disorder,  converting  the  unavailable  energy 
into  available  energy.  It  would  be  a  process  of  mere 
sifting  and  arranging,  such  as  is  apparently  carried  out 
in  the  living  creation  and  by  organic  structures.^  And 
Maxwell  went  a  step  further,  and  conceived   the  idea 


1  See  supra,  chap.  x.  p.  437,  note, 
where  the  selective  action  of  certain 
organisms  is  referred  to  in  connec- 
tion with  Prof.  Japp's  Address  to 
the  Brit.  Assoc,  in  1898.     Lord  Kel- 
vin says  ("On  the   Dissipation   of 
Energy,"  1892,  'Popular  Lectures 
and  Addresses,'  vol.  ii.  p.  463,  &c.)  : 
"  It  is  conceivable  that  animal  life 
might  have  the  attribute  of  using 
the  heat  of  surrounding  matter,  at 
its  natural  temperature,  as  a  source 
of  energy  for  mechanical  effect.  .  .  . 


The  influence  of  animal  or  vegetable 
life  on  matter  is  infinitely  beyond 
the  range  of  any  scientific  inquiry 
hitherto  entered  on.  Its  power  of 
directing  the  motions  of  moving 
particles,  in  the  demonstrated  daily 
miracle  of  our  human  free  -  will, 
and  in  the  growth  of  generation 
after  generation  of  plants  from 
a  single  seed,  are  infinitely  dif- 
ferent from  any  possible  result 
of  the  fortuitous  concourse  of 
atoms." 


that,  after  all,  the  whole  of  our  knowledge  of  natural 
phenomena  and  natural  things  may  be  only  statistical, 
not  historical  or  individual.  "  In  dealing,"  he  says,^ 
"  with  masses  of  matter,  while  we  do  not  perceive  the 
individual  molecules,  we  are  compelled  to  adopt  the 
statistical  method  of  calculation,  and  to  abandon  the 
strict  dynamical  method  in  which  we  follow  every 
motion  by  the  calculus.  It  would  be  interesting  to 
inquire  how  far  those  ideas  about  the  nature  and  the 
methods  of  science  which  have  been  derived  from 
examples  of  scientific  investigation  in  which  the 
dynamical  method  is  followed,  are  applicable  to  our 
actual  knowledge  of  concrete  things,  which,  as  we  have 
seen,  is  of  an  essentially  statistical  nature,  because  no 
one  has  yet  discovered  any  practical  method  of  tracing 
the  path  of  a  molecule,  or  of  identifying  it  at  different 
times."  And  elsewhere ^  he  says:  "The  statistical 
method  of  investigating  social  questions  has  Laplace 
for  its  most  scientific  and  Buckle  for  its  most  popular 


^  'Theory  of  Heat,'  8th  ed.,  p. 
329. 

-  *  Life  of  Clerk  -  Maxwell  by 
Campbell  and  Garnett.'  Chap.  xiv. 
contains  a  paper  with  the  title, 
"  Does  the  progress  of  Physical 
Science  tend  to  give  any  advantage 
to  the  opinion  of  Necessity  (or 
Determinism)  over  that  of  the 
Contingency  of  Events  and  the 
Freedom  of  the  Will  ? "  In  it  (p. 
435)  there  occurs  the  following 
passage :  '*  The  doctrine  of  the 
conservation  of  energy,  when  ap- 
plied to  living  beings,  leads  to  the 
conclusion  that  the  soul  of  an 
animal  is  not,  like  the  mainspring 
of  a  watch,  the  motive  power  of 
the  body,  but  that  its  function  is 


rather  that  of  a  steersman  of  a 
vessel  — not  to  produce,  but  to 
regulate  and  direct,  the  animal 
powers."  He  then  speaks  of  the 
"powerful  effect  on  the  world  of 
thought "  which  the  developments 
of  molecular  science  are  likely  to 
have,  considering  they  most  im- 
portant effect  on  our  wky  of  think- 
ing to  be  that  it  forces  on  our 
attention  the  distinction  between 
two  kinds  of  knowledge,  which 
we  may  call  for  convenience  the 
Dynamical  and  Statistical."  The 
paper  from  which  the  extracts  in 
the  text  are  taken  is  dated  1873. 
Clerk-Maxwell  was  then  forty-one 
years  of  age. 
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33. 
Statistical 
knowledge 
of  nature. 


expounder.     Persons    are    grouped    according    to    some 
characteristic,  and  the  number  of  persons  forming  the 
group  is  set  down   under    that  characteristic.     This   is 
the   raw   material   from   which    the    statist    endeavours 
to    deduce     general     theorems     in     sociology.       Other 
students    of    human    nature    proceed    on    a    different 
plan.       They   observe    individual    men,   ascertain    their 
history,  analyse   their   motives,  and  compare   their   ex- 
pectation of  what  they  will  do  with  their  actual  con- 
duct. .  .  .  However  imperfect  this  study  of  man  may 
be  in  practice,  it  is  evidently  the  only  perfect  method  in 
principle.  ...  If  we  betake  ourselves  to  the  statistical 
method,  we   do   so   confessing    that   we   are   unable   to 
follow  the  details  of  each  individual  case,  and  expecting 
that  the  effects  of  widespread  causes,  though  very  differ- 
ent in  each  individual,  will  produce  an  average  result  on 
the   whole   nation,  from   the   study  of   which   we   may 
estimate  the  character  and  propensities  of  an  imaginary 
being   called   the   Mean   Man.     Now,  if   the  molecular 
theory   of   the   constitution   of   bodies   is   true,   all   our 
knowledge  of   matter  is  of  a  statistical  kind.     A  con- 
stituent molecule  of  a  body  has  properties  very  different 
from    those   of    the   body   to   which    it    belongs.      The 
smallest  portion  of  a  body  which  we  can  discern  con- 
sists of   a  vast  number  of   molecules,  and   all  we   can 
learn   about    the   group  of   molecules   is   statistical   in- 
formation. .  .  .  Hence  those  uniformities  which  we  ob- 
serve in  our  experiments  with  quantities  of  matter  con- 
taining millions  of  millions  of  molecules  are  uniformities 
of   the  same  kind   as  those  explained  by  Laplace  and 
wondered  at  by  Buckle,  arising  from  the  slumping  to- 
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gether  of  multitudes  of  cases,  each  of  which  is  by  no 
means  uniform  with  the  others.  .   .  .  Much  light  may 
be  thrown  on  some  of  these  questions  by  the  consider- 
ation of  stability  and  instability.     When   the  state  of 
things  is  such  that  an  infinitely  small  variation  of  the 
present    state   will    alter    only   by   an    infinitely    small 
quantity  the  state  at   some  future  time,  the  condition 
of  the  system,  whether  at  rest  or  in  motion,  is  said  to  be 
stable;  but  when  an   infinitely  small  variation    in   the 
present  state  may  bring  about  a  finite  difference  in  the 
state  of  the  system  in  a  finite  time,  the  condition  of  the 
system  is  said  to  be  unstable.     It  is  manifest  that  the 
existence  of  unstable  conditions  renders  impossible  the 
prediction   of   future   events,  if    our   knowledge   of   the 
present  state  is  only  approximate  and  not  accurate.     It 
has  been  well  pointed  out  by  Prof.  Balfour  Stewart  that 
physical  stability  is  the  characterrstic'"or'those  systems 
from  the  contemplation  of  which  determinists  draw  their 
arguments,  and  physical  instability  that  of  those  living 
bodies,  and  moral  instability  ^  that  of  those  developable 
souls  which  furnish  to  consciousness  the  conviction  of 
free-will."  ^ 


^  There  is  an  awkward  misprint 
in  the  first  edition  of  'The  Life,' 
which  is  corrected  in  the  second 
edition. 

'^  Clerk -Maxwell  frequently  re- 
verts to  this  subject.  In  an  article 
on  "Molecules,"  contributed  to  the 
ninth  edition  of  the  '  Eucy.  Brit.' 
(reprinted  in  '  Scientific  Papers,' 
vol.  ii. ),  he  contrasts  historical  and 
statistical  knowledge  as  follows  (p. 
373) :  '*  The  modern  atomists  have 
adopted  a  method  which  is.  I 
believe,  new  in  the  department  of 


mathematical  physics,  though  it 
has  long  been  in  use  in  the  section 
of  statistics.  When  the  working 
members  of  Section  F  (of  the  Brit. 
Assoc.)  get  hold  of  a  report  of  the 
census,  or  any  other  document  con- 
taining the  numerical  data  of 
economic  and  social  science,  they 
begin  by  distributing  the  whole 
population  into  groups  according  to 
age,  income-tax.  education,  religious 
belief,  or  criminal  convictions.  The 
number  of  individuals  is  far  too 
great  to  allow  of  their  tracing  the 
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The  conceptions  involved  in  the  atomic  and  kmetic 
views  of  natural  processes,  and  the  statistical  manner  of 
dealincr  with  these  crowds  of  moving  particles,  have  thus 
introduced  into  natural  philosophy  two  distinct  and  novel 
considerations  not  known  to  former  ages :  first,  the  con- 
sideration that  our  knowledge  of  things  and  phenomena 
in  nature  is  not  historical,  but  that  it  is  that  of   the 
mean  or  average  and  of  the  total  effects  produced  by  an 
immensely  large  number  of  singly  imperceptible  events 
up^;^ur  senses  which  are  too  coarse  to  receive  or  deal 
with  individual  occurrences ;  secondly,  the  consideration 
that  our  knowledge  is  not  purely  mechanical,  inasmuch 


history  of  each  separately,  so  that, 
in   order  to   reduce    their    labour 
within  human  limits,  they  concen-   ; 
trate   their    attention   on   a  small   i 
number  of   artificial  groups.     The 
varving  number  of  individuals  m 
each   group,  and  not   the  varying 
state   of    each    individual,    is    tue   , 
primary  datum    from  which   they    | 
work.     This,  of  course,  is  not  the   , 
onlv   method  of   studying   human   , 
nature.     We  may  observe  the  con- 
duct of   individual  men  and  com- 
pare it  with   that  conduct  which 
their  previous  character  and  their 
present  circumsUnces,  according  to 
the  best  existing  theory,  would  lead 
us  to  expect.     Those  who  practise 
this  method  endeavour  to  improve 
their  knowledge  of  the  elements  ot 
human  nature  in  much  the  same 
way  as  an  astronomer  corrects  the 
elements  of  a  planet  by  comparing 
its   actual   position    with  that  de- 
duced from  the  received  elements. 
The    studv   of    human   nature   by 
parents  and  schoolmasters,  by  his- 
torians   and    statesmen,   is,  there- 
fore, to  be  distinguished  from  that 
carried  on  by  registrars  and  tabu- 
lators, and  by  those  statesmen  who 
put  their  faith  in  figures.    The  one 


may  be  called   the   historical  and    ^ 
the  other  the   statistical  method. 
The   equations   of   dynamics  com- 
pletely  express    the    laws   of    the 
historical    method    as    applied    to 
matter,  but  the  application  of  these 
equations  implies  a  perfect  know- 
ledge   of    all    the    data.     But   the 
smallest  portion  of   matter  which 
we  can  subject  to  experiment  con- 
sists of  millions  of  molecules,  not 
one  of  which  ever  becomes  sensible 
to  us.     We  cannot,  therefore,  ascer- 
tain the  actual  motion  of  any  one 
of  these  molecules  ;  so  that  we  are 
obliged  to  abandon  the  strict  his- 
torical method  of  dealing  with  large 
groups  of  molecules.     The  data  of 
the  statistical  method,  as   apphed 
to  molecular  science,  are  the  sums 
of  large  numbers  of  molecular  quan- 
tities.    In   studying   the   relations 
between  quantities  of  this  kind,  we 
meet  with  a  new  kind  of  regularity, 
the   regularity  of  averages,  which 
we  can   depend   upon   quite   suffi- 
ciently for   all   practical  purposes, 
but  which  can  make  no  claim  to 
that  character  of  absolute  precision 
which    belongs     to    the     laws    of 
abstract  dynamics." 
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as  besides  the  purely  mechanical  movements  and  their 
summation,  it  must  contain  a  reference  to  the  nature  of 
our  own  faculties — a  principle  which  indicates  to  what 
extent  the  elementary  movements  come  under  our  control 
or  escape  it.  There  must  be  a  principle  which  measures 
the  availability  and  usefulness— for  our  powers — of  natural 
processes,  marking  off  what  is  orderly  for  our  senses  and 
accessible  to  our  powers,  from  what  is  disorderly  and  in- 
accessible.    This  principle  the  founders  of  the  science  of 

Thermodynamics — Rankine,  Clausius,  and  Thomson had 

empirically  estabHshed;  Thomson  having  foreseen  its 
far-reaching  importance  in  the  economy  of  nature  and 
the  applications  of  industry.  The  statistical  view  of 
natural  phenomena  forced  upon  us  by  atomism  and 
kinetics  has  shown  us  that  it  is  not  a  purely  me- 
chanical ^  principle.  It  is  one  belonging  to  the  theory 
of  averages  and  probability.  The  scientific  view  of 
nature  is  thus,  as  Clerk-Maxwell  says,  neither  purely 
historical  nor  purely  mechanical — it  is  statistical.^ 

To  this  view  of    the  scientific  treatment  of   natural 
phenomena  Clerk-Maxwell  has  attached  a  further  con- 


34. 
As  opposed 
to  historical 
and  mechan- 
ical know- 
ledge. 


^  Clerk -Maxwell,  in  a  review  of 
Tait's  "Thermodynamics"  ('Scien- 
tific Papers,'  vol.  ii.  p.  670) :  "The 
truth  of  the  second  law  is  therefore 
a  statistical,  not  a  mathematical, 
truth,  for  it  depends  on  the  fact 
that  the  bodies  we  deal  with  consist 
of  millions  of  molecules,  and  that 
we  never  can  get  hold  of  single 
molecules. " 

-  Any  one  who  has  had  occasion 
to  observe  the  internal  work  of  any 
large  industrial  or  manufacturing 
organisation,  will  have  noticed  the 
twofold  way  in  which  important 
occurrences  are   looked  at  by  the 


commercial  and  the  technical 
chiefs.  As  regularity  is  in  many 
instances  the  condition  of  success, 
any  break  of  its  routine  is  care- 
fully examined  and  criticised.  In 
such  cases  the  technical  man  will 
look  to  the  proximate  mechanical 
causes  for  an  explanation,  whereas 
the  commercial  man,  unable  to 
reflect  on  the  technical  and  mechan- 
ical conditions  of  the  special  case, 
will  always  refer  to  his  statistics  of 
the  past  as  a  guide  in  judging  the 
immediate  difficulty  that  is  before 
him. 
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sideration,   which  is   interesting  inasmuch   as   it   shows 
that  that  which  I  called  above  the  inverse  method  of 
statistics   does   not   involve   ideas   identical   with   those 
which    the    direct    method  —  as    applied    in     ordinary 
economic  and  social  statistics — involves.     In  the  direct 
processes  of  statistics,  which  we  may  class  under  the 
all-case  or  enumerative  method,  we  rise,  from  a  large 
number    of    individual    facts    and    data   which    are    all 
different,  to  the  conception  of  certain  uniform  averages, 
to  recurring,  or  continuously  and  slowly  changing,  totals, 
such  as  we  handle  daily  in  sciences  like  meteorology, 
in    moral,     economic,     and    industrial     statistics.     The 
averages   are   nowhere  represented   by   the   individuals, 
and  the    regularity  of    the   totals   does   not   appear  in 
dealing  with  single   instances,  or   with   such   restricted 
numbers   as   come  under   the   personal   control   of    any 
of  us;    hence   the   general   uselessness   of    statistics  in 
handling    individual  cases  or   predicting   special   occur- 
rences.    But  the  statistical  view  of  natural  phenomena, 
as   applied   to   the  atomic  constitution  of  bodies,  leads 
us  ultimately  to  the  conception  that  the  smallest  con- 
stituents of  matter,  the  atoms,  exhibit  a  regularity  and 
recurrent   uniformity  of  structure  which  reminded   Sir 
John  Herschel  of  manufactured  articles.     The  attempt 
to  reduce  the  somewhat  numerous  types  of  these  ulti- 
mate  elements  to   purely  geometrical  configurations   of 
the  homogeneous  elements  of  one  substance  has  indeed 
failed,    though    it    is    being    continually    revived.     But 
allowing  that  there  exist  some  sixty  or  seventy  distinct 
forms  of  matter  or  atomic  structures,  these  structures 
seem  to  be  alike  and   stable  wherever   we  meet   with 
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them ;  our  observations  ranging  over  very  large  distances 
in  space  and  time,  from  the  particles  immediately  before 
us  in  artificial  flames  to  the  vibrations  of  atoms  of  distant 
stars,  which  must  have  taken  millions  of  years  to  reach 
us.     "I  do  not  think,"  says  Clerk-Maxwell,^  "that  the 
perfect  identity  which  we  observe  between  different  por- 
tions of  the  same  kind  of  matter  can  be  explained  on  the 
statistical  principle  of  the  stability  of  the  averages  of 
large  numbers  of  quantities,  each  of  which  may  differ 
from  the  mean.   .  .  .  For  if  the  molecules  of  some  sub- 
stance, such  as  hydrogen,  were  of  sensibly  greater  mass 
than  others,  we  have  the  means  of  producing  a  separation 
between  molecules  of  different  masses,  and  in  this  way 
we  should  be  able  to  produce  two  kinds  of  hydrogen, 
one  of  which  would  be  somewhat  denser  than  the  other. 
As  this  cannot  be  done,  we  must  admit  that  the  equality 
which  we  assert  to  exist  between  the  molecules  of  hydro- 


1  'Theory  of  Heat,'  p.  329,  &c. 
Of.    also    many    passages    in    the 
articles   on   *'Atom,"  "Molecule," 
"Constitution  of  Bodies,"  &c.,  re- 
printed in   the   second  volume  of 
'  Scientific  Papers  ' ;   intei'  alia,  p. 
483  :    "  But    the    equality    of    the 
constants  of  the  mokculea  is  a  fact 
of  a  very  different  order.     It  arises 
from  a   particular   distribution    of 
matter,  a  collocation,  to  use  the  ex- 
pression of  Dr  Chalmers,  of  things 
which   we    have    no    difficulty   in 
imagining  to   have  been  arranged 
otherwise.     But   many  of   the   or- 
dinary instances  of  collocation  are 
adjustments  of  constants,  which  are 
nc)t    only   arbitrary   in    their   own 
nature,    but    in    which    variations 
actually   occur;    and    when    it    is 
pointed  out  that  these  adjustments 
are  beneficial  to  living  beings,  and 
are  therefore  instances  of  benevolent 


design,  it  is  replied  that  those  varia- 
tions which  are   not   conducive  to 
the  growth   and   multiplication   of 
living  beings  tend  to  their  destruc- 
tion, and  to  the  removal  thereby  of 
the  evidence  of  any  adjustment  not 
beneficial.     The  constitution  of  an 
atom,  however,  is  such  as  to  render 
it,  so  far  as  we  can  judge,  independ- 
ent of  all  the  dangers  arising  from 
the  struggle  for  existence.     Plaus- 
ible reasons  may,  no  doubt,  be  as- 
signed  for    believing   that   if    the 
constants  had  varied  from  atom  to 
atom   through  any  sensible  range, 
the  bodies  formed  by  aggregates  of 
such  atoms  would  not  have  been  so 
well  fitted  for  the  construction  of 
the    world    as    the    bodies    which 
actually   exist.      But   as   we   have 
no  experience  of  bodies  formed  of 
such  variable  atoms,  this  must  re- 
main a  bare  conjecture." 
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gen  applies  to  each  individual  molecule,  and  not  merely 
to  the  average  of  groups  of  millions  of  molecules." 
And  Clerk-Maxwell  goes  on  to  show  how  the  fact  that 
the  molecules  ^  "  all  fall  into  a  limited  number  of  classes 
or  species  with  no  intermediate  links  ...  to  connect 
one  species  with  another  by  uniform  gradation,  produces 
that  kind  of  speculation  with  which  we  have  become  so 
familiar  under  the  name  of  theories  of  evolution,  it  being 
quite  inapplicable  to  the  case  of  the  molecules.  The 
individuals  of  each  species  ^  of  molecules  are  like  tuning- 
forks  all  tuned  to  concert  pitch,  or  like  watches  regulated 
to  solar  time."  ^ 


1  *  Theory  of  Heat,'  p.  330. 

2  Ibid.,  p.  331. 

^  The  passages  quoted  from  Clerk- 
Maxwell's  writings,  and  the  infer- 
ences drawn  by  him,  were  criticised 
by  Clifford  in   a  lecture  delivered 
in     1874    with     the     title,    "The 
First    and   the   Last   Catastrophe. 
A  Criticism  of  some  recent  Specula- 
tions  about  the    Duration   of   the 
Universe  "  (reprinted  in  '  Lectures 
and  Essays,'  vol.  i.  p.  191  sqq.) ;  and, 
quite  recently,  Prof.  Ward  has,  in 
his  Gifford  lectures,  reviewed  both 
Maxwell's  and  Clifford's  arguments 
('  Naturalism  and  Agnosticism,'  vol. 
i.  p.  99,  &c.)     As  Prof.  Ward  says, 
the  ideas  of  Herschel  and    Clerk- 
Maxwell  * '  are  far  more  due  to  theo- 
logical zeal  than  to  the  bare  logic  of 
the  facts."     It  is,  therefore,  out  of 
place  to  discuss  here  the  philosophi- 
cal consequences  of  the  ideas  of  the 
immutability    or    of    the    gradual 
evolution  of  the  ultimate  elements 
of    matter.     In    a   former   chapter 
(see  pp.   360  sqq.  and  369,  note,  of 
this    volume)    1    referred    to    the 
theories   of    the   evolution   of    the 
different     chemical     elements     as 
they   have   been   put  forward    by 
various  scientific  authorities.     The 


interest  which  attaches  to  the  pas- 
sages  quoted   from  Clerk-Maxwell 
is,  that  in  them,  for  the  first  time, 
an     instance    was     given    of    the 
application    of  statistical   methods 
in  the  domain  of  abstract  science. 
The    reader    may   gather    from   a 
perusal  of  the  writings  mentioned 
above,    as    also     of     the     present 
and    foregoing     chapters    of     this 
history,   that  there  is  an  inherent 
contradiction    (or   as    Kant   would 
say,    antinomy)  between  the   logi- 
cal methods   and   the  highest  ob- 
jects of   scientific  reasoning.     The 
methods  all  tend  in  the  direction 
of  reducing   existing  differences  in 
the  things  and  phenomena  of  nature 
to  a  small  number  of  data  which 
are  easily  grasped  and  calculated, 
whereas  the  observation  of  things 
natural  forces  increasingly  upon  us 
the  existence  of  ever  greater  differ- 
ences, changes,  and  varieties.     The 
question  presents  itself.  Is  it  likely 
that  a  process  the  principle  of  which 
is  unification  and  simplification,  will 
ever   lead  to   a   comprehension  of 
that    which     increasingly    reveals 
itself  to  be  infinitely  complex  and 
varying  ?     Dr    Larmor    has    some 
remarks  which  bear  on  this  subject 
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The  progress  of  modern  science  has,  however,  given       35. 

...  1  1         ,  Sameness 

a  great  impetus  to  the  development  of  statistical  or  and  varia- 
enumerative  methods,  and  notably  to  the  graphical 
registration  of  these  results,  through  the  importance 
which  the  phenomena  of  variation  attained  in  all  theories 
of  evolution,  and  chiefly  in  those  based  upon  natural 
selection.  Quetelet  had  already  pointed  to  the  study  of 
the  maxima  of  the  possible  deviations  from  the  mean  and 
average,  as  of  special  interest  and  value.  Nevertheless, 
the  centre  of  gravity  of  the  aspect  unfolded  in  the 
writings  of  Quetelet  and  his  followers  was  the  idea  of 
uniformity  and  average  sameness.  The  conception  of 
change  and  development  did  not  fit  naturally  and  logi- 
cally into   their   scheme.^      It  was   not    till    after    the 


Cither    and    Matter,'    p.    288): 
"  The  processes  by  which  our  con- 
ception of  the  uniformity  of  Nat- 
ure is  obtained  essentially  involve 
averaging  of  effects,  and  lose  their 
efficacy  long  before  the  individual 
molecule    is   reached.      Mechanical 
determinateness  thus  need  not  in- 
volve  molecular   determinateness  ; 
then  why   should   either   of  them 
involve  determination   in   the  en- 
tirely   distinct    province    of    vital 
activity?  .  .   .  Every  vital  process 
may  conceivably  be  correlated  with 
a  mechanical  process,  as  to  its  pro- 
gress, just  to  that  extent  to  which 
it    is    possible    experimentally    to 
follow    it,    without     lending     any 
countenance  to  a  theory  that  would 
place  its  initiation  under  the  control 
of  any  such  system  of  mechanical 
relations.     In  other  terms,  there  is 
room  for  complete   mechanical  co- 
ordination of  all  the  functions  of  an 
organism,   treated    as    an    existing 
material  system,  without  requiring 
any   admission    that   similar    prin- 
ciples are   supreme    in    the    more 


remote  and  infinitely  complex 
phenomena  concerned  in  growth 
and  decay  of  structure." 

^  A  fate  overtook  the  theories  and 
writings   of    Quetelet   and    Buckle 
similar  to  that  which  I  had  occasion 
to  notice  above  in  referring  to  the 
great  work  of   A.  von   Humboldt. 
Through  the  influence  of  the  evolu- 
tionist   movement,     prepared     by 
Lamarck,  von  Baer,  Spencer,   and 
others,    centring    in    Darwin,    the 
statical  or  morphological  view  had 
in  every  department  of  science  to 
give  way  to  the  kinetic  or  genetic 
view.      This     explains   why    some 
names,  once  celebrated,  like  Hum- 
boldt   and    Buckle,     sank    rapidly 
into     oblivion.       Grant    Allen,    in 
his  somewhat  one-sided  but  spirited 
monograph    on    Darwin    ('English 
Worthies,'  1888),  has  drawn  atten- 
tion   to    this.      I    give    here    the 
striking  passage,  reserving  for  the 
sequel  of  this  work  the  liberty  to 
differ   in   detail   from   much  in   it 
that   is  too  drastically  expressed  : 
"  There  is  no  department  of  human 
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publication  of  the  *  Origin  of  Species  '  that  the  phenomena 
of  variation — i.e.,  of  deviation  from  the  existing  type 
or  average — forced  themselves  upon  naturalists  and 
statisticians  as  requiring  to  be  specially  observed,  de- 
scribed, and  accounted  for.  Since  that  time  a  new 
branch  of  science  has  sprung  up,  unknown  before  even 
by  name — the  study  of  variation  in  nature.  This,  as  we 
have  seen  in  a  former  chapter,  is  one  of  the  great  and 
important  aspects  of  nature  brought  prominently  before 
the  thinking  naturalist  by  Darwin's  and  Wallace's  dis- 
coveries, and  strongly  urged  forward  by  the  independent 
arguments  of  Mr  Herbert  Spencer.  It  involves  the 
great  problems  of  Inheritance  and  Adaptation.  What 
are  the  facts,  and  what  the  causes  of  variation,  of  the 
moving  and  propelling  principle  in  natural  selection  and 
evolution  ?  The  latter  is  a  physiological  problem — the 
former  is  one  of  statistics. 


thought  or  human  action  which 
evolutionism  leaves  exactly  where 
it  stood  before  the  advent  of  the 
Darwinian  conception.  In  nothing 
is  this  fact  more  conspicuously  seen 
than  in  the  immediate  obsolescence 
(so  to  speak)  of  all  the  statical 
pre- Darwinian  philosophies  which 
ignored  development,  as  soon  as 
ever  the  new  progressive  evolu- 
tionary theories  had  fairly  burst 
upon  an  astonished  world.  Dog- 
matic Comte  was  left  forthwith  to 
his  little  band  of  devoted  adherents ; 
shadowy  Hegel  was  relegated  with 
a  bow  to  the  cool  shades  of  the 
common-rooms  of  Oxford  ;  Buckle 
was  exploded  like  an  inflated  wind- 
bag ;  even  Mill  himself, — viagnum 
et  venerabUe  nomcn, — with  all  his 
mighty  steam  -  hammer  force  of 
logical  directness,  was  felt  instinct- 
ively to  be  lacking  in  full  appreci- 


ation of  the  dynamic  and  kinetic 
element  in  universal  nature. 
Spencer  and  Hartmann,  Haeckel 
and  Cliflford,  had  the  field  to  them- 
selves for  the  establishment  of  their 
essentially  evolutionary  systems. 
Great  thinkers  of  the  elder  gen«^ra- 
tion,  like  Bain  and  Lyell,  felt  bound 
to  remodel  their  earlier  conceptions 
by  the  light  of  the  new  Darwinian 
hypotheses.  Those  who  failed  by 
congenital  constitution  to  do  so, 
like  Carlyle  and  Carpenter,  were, 
philosophically  speaking,  left  hope- 
lessly behind  and  utterly  extin- 
guished. Those  who  only  half 
succeeded  in  thus  reading  them- 
selves into  the  new  ideas,  like 
Lewes  and  Max  Miiller,  lost  ground 
immediately  before  the  eager  on- 
slaught of  their  younger  com- 
petitors" {loc.  cit.f  p.  197). 
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The  first  who  seems  to  have  fully  grasped  the  Dar- 
winian problem  from  this  point  of  view  is  Mr  Francis 
Galton,^  who  in  a  series  of  papers,  and  notably  in  his 
well-known  works  on  'Hereditary  Genius'  (1869)  and 
on  '  Inheritance  '(1889),  made  a  beginning  in  the  statis- 
tical treatment  of  the  phenomena  of  Variation.  The 
novel  point  of  view  which  was  thus  introduced  into 
natural  science  was  perhaps  somewhat  obscured  by  its 
immediate  application  to  a  most  difficult  and  unique 
problem,  which  can  hardly  be  discussed-  without  im- 
porting what  may  be  called  a  sentimental  bias.  This 
was  the  question  of  the  connection  through  descent 
of  those  rare  occurrences  in  human  nature  which  we 
term  genius.  Mental  phenomena  had  been  almost 
entirely  passed  over^  by  Darwin.  The  results  which 
Mr  Galton  arrives  at,  so  far  as  the  phenomena  of  genius 
are  concerned,  are  of  minor  importance  compared  with 
the  general  methods  which  he  introduced  or  suggested 
for  dealing  with  statistics  of  heredity.  In  these  he 
combined  the   ideas  of  Quetelet  with   that   remarkable 


37, 
Galton. 


^  Mr  Francis  Galton  (born  1822, 
a  grandson  of  Erasmus  Darwin) 
had,  like  his  celebrated  cousin, 
begun  his  career  as  a  medical 
student,  and  then  become  a  well- 
known  traveller  and  explorer. 
Subsequently  he  devoted  himself 
to  meteorology,  where  he  drew 
attention  to  the  existence  and 
theory  of  anti-cyclones.  His  first 
publication,  referring  not  to  physi- 
cal but  to  human  statistics,  ap- 
peared in  'Macmillan's  Magazine' 
1"  1865,  in  the  shape  of  two 
articles  on  "Hereditary  Talent 
and  Character."  Here  he  intro- 
duced   the   "theory  of  hereditary 

VOL.  II. 


genius,"  which  was  "usually 
scouted."  He  rightly  claims  "to 
be  the  first  to  treat  the  subject  in 
a  statistical  manner,  to  arrive  at 
numerical  results,  and  to  introduce 
the  'law  of  deviation  from  an 
average '  into  discussions  on 
heredity  "  (Preface  to  *  Hereditary 
Genius,'  published  one  year  after 
Darwin's  great  work  in  which  was 
put  forward  the  hypothesis  of 
Pangenesis). 

2  As  stated  by  Darwin  himself. 
See  'Animals  and  Plants  under 
Domestication'  (1868),  vol.  ii.  p. 
353. 


2  Q 


It 


v.. 
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speculation  of  Darwin's  which  he  put  forward  at  the 
end  of  his  work  on  'The  Variation  of  Animals  and 
Plants  under  Domestication'  (1868)— the  theory  of 
"  Pangenesis."  "  This  hypothesis  implies  that  the  whole 
organisation,  in  the  sense  of  every  separate  atom  or  unit, 
reproduces  itself.  Hence  ovules  and  pollen-grains,  the 
fertilised  seed  or  egg  as  well  as  buds,  include  and  consist 
of  a  multitude  of  germs  thrown  off  from  each  separate 
atom  of  the  organism."  ^  These  germs  he  calls  gem- 
mules,  and  admits  that  they  agree  to  some  extent  with 
Buffon's  organic  molecules,  only  that  neither  in  these  nor 
in  Spencer's  physiological  units  does  it  seem  clear  that 
each  "independent  or  autonomous"  organic  unit,  say 
each  cell,  throws  off  or  contributes  its  free  gemmule  (or 
gemmules),  which  is  capable  of   reproducing   a   similar 

cell." 

The  theory  of  Pangenesis  has  not  found  much  favour 

with  biologists.^     For  their  purposes  it  would  be  neces- 


1  Loc,  cit.,  vol.  ii.  p.  358. 

2  "  Physiologists  agree   that  the 
Avhole  organism  consists  of  a  multi- 
tude of  elemental  parts,  which  are 
to  a  great   extent   independent   of 
each   other"    {loc.    cit.,   vol.   ii.    p. 
•368).     Darwin  then  quotes  Claude 
Bernard  (1866)  and  Virchow  (1860) 
on  the  doctrine  of  the  "  autonomy  " 
of  cells  :  "  I  assume  that  the  gem- 
mules  in  their  dormant  state  have 
a   mutual   affinity  for  each  other, 
leading  to  their  aggregation  either 
into  buds  or  into  the  sexual  ele- 
ments"   (p.   374).      "Physiologists 
maintain,   as   we  have    seen,   that 
each  cell,  though  to  a  large  extent 
dependent  on  others,  is  likewise,  to 
a   certain   extent,   independent   or 
Autonomous.     I  go  one  small  step 
farther,  and  assume  that  each  cell 


casts  off  a  free  gemmule,  which  is 
capable  of  reproducing  a  similar 
cell"  (p.  377).  "As  each  unit,  or 
group  of  similar  units  throughout 
the  body,  casts  off  its  gemmules, 
and  as  all  are  contained  within  the 
smallest  egg  or  seed,  and  within 
each  spermatozoon  or  pollen- grain, 
their  number  and  minuteness 
must  be  something  inconceivable" 

(p.  378). 

3  Grant  Allen  dismisses  the 
whole  speculation  in  the  fol- 
lowing words  :  *'  The  volume  on 
the  variation  of  animals  and 
plants  contained  also  Darwin's  cue 
solitary  contribution  to  the  pure 
speculative  philosophy  of  life— his 
•Provisional  Hypothesis  of  Pan- 
genesis,' by  which  he  strove  to 
account,  on  philosophical  principles, 
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sary  to  define  somewhat  more  clearly  what  those  units 
or  gemmules  are.     This  has  accordingly  been  attempted 
in    several    other    hypotheses    put    forward    about    the 
same    time   or  somewhat    later;    each    thinker    having 
elaborated,  when  so   inclined,  his  own  fanciful  picture, 
following  consciously    or   unconsciously   in   the  line   of 
Spencer's  physiological    units.     We    have   in   Germany 
Nageli's   micellar   theory,  Haeckel's   kinetic   hypothesis, 
Prof.  Weismann's  idioplasma  theory,  and  Prof.  Pfluc^er's 
theory  of  the  compound  organic  molecule.       All  these 
theories  attempt    to    bring    biological    phenomena    into 
closer   connection   with    the   firmly   established    concep- 
tions current  in  physics  and  chemistry,  where  atomism 
and  kinetics  have  been  so  successfully  used  in  analysing 
and,  to  a  smaller  extent,  in  putting  together  the  com- 
plex processes  of  nature.     Of  this  I  treated  in  former       39. 
chapters.     But  the  hypothesis  of  Darwin  is  capable  of  fSS 
another  treatment.     Wherever  we  have  to  deal  with  a  ^''*^°''''** 
large,  an  immense  number  of  single  elements  or  units, 
which  in  their  totality   form  certain  phenomena,  there 


for  the   general   facts   of   physical 
and     mental     heredity.     Not     to 
mince    matters,    it    was    his    one 
conspicuous    failure,    and    is    now 
pretty     universally     admitted     as 
such.     Let    not    the    love    of    the 
biographer     deceive     us  ;    Darwin 
was  here  attempting  a  task  ultra 
vires.     As    already    observed,    his 
mind,  vast  as  it  was,  leaned  rather 
to    the     concrete     than     to     the 
abstract     side :    he      lacked      the 
distinctively      metaphysical      and 
speculative  twist.     Strange  to  say, 
too,  his  abortive   theory  ap  pen  red 
some    years    later    than    Herbert 
Spencer's  magnificent  ail-sided  con- 
ception   of    'Physiological    Units,' 


put  forth   expressly   to   meet   the 
self-same     difficulty.      But     while 
Darwin's     hypothesis      is      rudely 
materialistic,     Herbert     Spencer's 
is    built     up    by     an     acute    and 
subtle  analytical  perception  of  all 
the    analogous    facts   in    universal 
nature.     It  is  a  singular  instance 
of    a    crude    and    essentially    un- 
pliilosophic   conception  endeavour- 
ing   to    replace    a     finished     and 
delicate    philosophical    idea"   {loc. 
cit.,     p.     126).     See     also     many 
references     to     the     unfavourable 
criticisms    of     Pangenesis    in    the 
third    volume    of     the    'Life     of 
Charles  Darwin.' 
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is  room  for  the  statistical   treatment.     This  treatment 
entirely   ignores   the  definite  nature  of  the  component 
units,  and   merely   investigates    those   properties   which 
depend  upon  aggregation  in  large  numbers,  the  average 
or  mean  results,  and  the  chances  of  deviations  or  vari- 
ations.    Now,  if  organic  beings  are  supposed  to  be  made 
up  of  immeasurably  large  numbers  of  units  transmitted 
to  them  by  inheritance,  and  capable  of  self-multiplication, 
they  must  be  subject  to  certain  regularities,  to  regular 
deviations  or  recurrent   changes;  and,  under  the  influ- 
ence   of    selection,  be    it    artificial     or    automatic,  to 
certain   developments  which   can  be  studied   without  a 
precise  knowledge  of  the  biological,  chemical,  or  physi- 
cal nature  of  these  units  themselves,  or  of  the  mechan- 
ism of  their  movements.     Economics,  meteorology,  the 
kinetic  theory  of  gases,  deal  in  this  way  with  complex 
phenomena,  the  exact  individual  history  of  which  they 
are  quite  incapable  of  narrating.     As  in  the  case  of  the 
kinetic  theory  of  gases  we  had  to  translate  into  statis- 
tical language  the  phenomena  of  pressure,  temperature, 
volume,  available  or  hidden   energy,  &c.,  so  in  dealing 
statistically  with  biological  phenomena,  such  as  inherit- 
ance, on  the  basis  of  the  theory  of  Pangenesis,  we  have 
to  translate  into  statistical  language  such  phenomena  as 
"types,  sports    of    nature,   stability,  variation    and    in- 
dividuality."      "The  word   man,"  as   Mr  Galton  says,^ 
"  when  rightly  understood,  becomes  a  noun  of  multitude, 
because  he  is  composed  of  millions,  perhaps  billions,  of 
cells,  each  of  which  possesses  in  some  sort  an  independ- 
ent Ufe,  and  is  parent  of  other  cells.     He  is  a  conscious 

1  'Hereditary  Genius '  (1892),  pp.  349,  350. 
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whole,  formed  by  the  joint  agencies  of  a  host  of  what 
appear  to  us  to  be  unconscious  or  barely  conscious 
elements.  .  .  .  The  doctrine  of  Pangenesis  gives  excellent 
Diaterials  for  mathematical  formulas,  the  constants  of 
which  might  be  supplied  through  averages  of  facts."  ^ 
Mr  Galton  does  "not  see  any  serious  difficulty  in  the 
way  of  mathematicians  in  framing  a  compact  formula, 
based  on  the  theory  of  Pangenesis,  to  express  the  com- 
position of  organic  beings  in  terms  of  their  inherited 
and  individual  peculiarities,  and  to  give  us,  after  certain 
constants  had  been  determined,  the  means  of  foretell- 
ing the  average  distribution  of  characteristics  among  a 
large  multidude  of  offspring  whose  parentage  was 
kuown.^  ...  In  short,  the  theory  of  Pangenesis  brings 
all  the  influences  that  bear  on  heredity  into  a  form  that 
is  appropriate  for  the  grasp  of  mathematical  analysis." 

Evidently  in  the  mind  of  Mr  Galton  the  problem  of  4o. 
heredity  divides  itself  into  two  distinct  problems ;  and  He°eX°^ 
he  has  himself  laboured  at  the  solution  of  both.  We 
may  call  the  one  the  "  historical  "  or  the  "  mechanical  " 
problem,  the  other  the  "  statistical  "  problem,  following 
the  distinction  which  Maxwell  drew  when  dealing  with 
the  kinetics  of  gases.  The  historical  problem  would 
involve  a  more  detailed  account  of  the  nature  of  those 
organic  units  which  the  theory  of  Pangenesis,  in  common 
with  other  similar  theories,  like  those  of  Buffon  and 
Nageli,  assumes,  and  of  the  mechanism  by  which  they 
unite  and  are  transmitted.  If  this  is  impossible,  or  at 
all  events  highly  hypothetical,  the  actual  following  up — 
by  observation  and  experiment — of   the  phenomena  of 


1  I 


Hereditary  Genius '  (1892),  p.  356. 


2  Ibid. -p.  358. 
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variation  in  special  instances  would  at  least  allow  us  to 
accumulate  many  interesting  life-histories  of  families  of 
living  creatures,  and  might  some  day  lead  to  important 
generalisations.  Mr  Galton  has  himself  made  an 
attempt  to  modify  and  further  elaborate  the  hypothesis 
of  Pangenesis ;  ^  and  Mr  William  Bateson  has  given  us, 


1  Mr  Galton  in  1871  advanced 
certain  objections  to  the  theory 
of  Pangenesis,  based  upon  experi- 
ments made  with  the  transfusion 
«)f  blood,  and  tending  to  show  that 
blood  cannot  be  the  carrier  of  the 
germs  or  gemmules.  See  a  paper 
read  before  the  Royal  Society, 
March  30,  1871.  Darwin  did  not 
think  Pangenesis  had  '*  received  its 
deathblow,  though  from  presenting 
so  many  vulnerable  points,  its  life 
is  always  in  jeopardy"  ('Life  of 
Darwin,' vol  iii.  p.  195).  In  1875  Mr 
Galton  published  an  article  in  the 
*  Contemporary  Review,'  vol.  xxvii. 
p.  80,  entitled  "  A  Theory  of  Hered- 
ity," in  which  he  put  what  may  be 
termed  the  atomic  theory  of  life 
and  its  propagation  into  a  form  in 
which  it  might  serve  as  a  working 
formula  for  statistical  research. 
It  is  a  mistake  to  look  upon  any 
such  theory  as  a  biological, 
mechanical,  or  historical  explana- 
tion. For  statistical  purposes  only 
the  scantiest  data  need  be  borrowed 
from  biology.  There  is,  however, 
one  very  important  biological  con- 
ception which  Galton  introduced, 
which  is  not  contained  in  Darwin's 
"  provisional  hypothesis,"  and  which 
somewhat  later  became  celebrated 
mainly  through  the  writings  of 
Prof.  Weismann.  This  is  the  dis- 
tinction between  the  germ-plasma 
and  the  body -plasma,  the  former 
preserving  the  continuity  of  life 
and  inheritance,  whereas  the  latter 
forms  the  character  of  the  indi- 
vidual, and  is  probably  sterile.  In 
fact,  Galton,  from  a  purely  statis- 


tical point  of  view,  anticipated— as 
several  other  naturalists  did,  from 
various  other  aspects — the  theory 
of  the  ditferentiation  of  the  ger- 
minal from  the  personal  portions 
or  aggregates  of  life  units  in  the 
"  stirp  "  or  sum  -  total  of  organic 
units  of  some  kind  which  are  to  be 
found  in  the  newly  fertilised  ovuin. 
Prof.  J.  A.  Thomson  ('  The  Science 
of  Life,'  p.  147)  gives  the  following 
succinct  statement  of  the  concep- 
tion of^stirps":  "First.  Only 
some  of  the  germs  within  the  stirp 
attain  development  in  the  cells  of 
the  'body.'  It  is  the  dominant 
germs  which  so  develop.  Second. 
The  residual  germs  and  theii-  pro- 
geny form  the  sexual  elements  or 
buds.  The  part  of  the  stirp 
developed  into  the  *  body '  is  almost 
sterile.  .  .  .  The  continuity  is  kept 
up  by  the  undeveloped  residual 
portion.  Third.  The  direct  descent 
is  not  between  body  and  body,  but 
between  stirp  and  stirp.  The  stirp 
of  the  child  may  be  considered  to 
have  descended  directly  from  a 
part  of  the  stirps  of  each  of  its 
parents ;  but  then  the  personal 
structure  of  the  child  is  no  more 
than  an  imperfect  representation  of 
his  own  stirp,  and  the  personal 
structure  of  each  of  the  parents  is 
no  more  than  an  imperfect  repre- 
sentation of  each  of  their  own 
stirps.  This  is  a  definite  expression 
of  the  notion  that  the  germinal  cells 
of  the  oflfspring  are  in  direct  contin- 
uity with  those  of  the  parents.  The 
antithesis  between  the  *  soma '  and 
the  chain  of  sex-cells  is  emphasised." 


in  his  '  Materials  for  the  Study  of  Variation/  a  remark-       4i. 
able  specimen  of  the  historical  treatment  of  the  problem.  Krl^fr'" 

-T)    X.    Ji_  ,  ,  treatment. 

J5ut  the  aspect  we  are  at  present  specially  interested  in 
is  the  other  one   which,  in  the  course  of  Mr  Galton's 
studies,  has  presented  itself  to  him  with  increasing  clear- 
ness, namely,  the   bearing    which    the   general   laws  of 
averages  and  statistics  have  on  the  facts  of  inheritance. 
Thus,  in  his  second   main   contribution  to  the  subject, 
which  appeared  in  1889,  twenty  years  after  the  earlier 
work,  the   statistical    problem    comes    out    much    more 
clearly,  and  quite  separated  from  the  mechanical  or  the 
historical  one.     The  hypothesis  of  Pangenesis  is  retained 
only  as  a  general  scheme  which    suggested   "the    idea 
though  not  the  phrase   of  particulate  inheritance."    It 
was  felt  to   be  no  longer  necessary,  for  the  purpose  of 
the  problem,  "  to  embarrass  ourselves  with  any  details  of 
theories  of  heredity  beyond  the  fact  that  descent  either       42. 
was  particulate  or  acted  as  if  it  were  so."  ^    And  what  at^desceit. 
is  meant  by  "particulate"  {i.e.,  "bit  by  bit")  is  illus- 
trated in  the  following  expressive  manner:^  "Many  of 
the  modern  buildings  in  Italy  are  historically  known  to 
have  been  built  out  of  the  pillaged  structures  of  older 
days.    Here  we  may  observe  a  column  or  a  lintel  serving 
the  same  purpose  for  a  second  time,  and  perhaps  bearing 
an  inscription  that  testifies  to  its  origin ;  while  as  to  the 
other  stones,  though  the  mason  may  have  chipped  them 
here  and  there  and  altered  their  shape  a  little,  few  if 
any  came  direct  from  the  quarry."     "  This  simile  gives  a 
rude  though  true  idea  of  the  exact  meaning  of  Particulate 
Inheritance — namely,  that  each  piece  of  the  new  structure 

^  *  Natural  Inheritance,'  p.  193.  2  j^id.,  p.  8. 
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is  derived  from  a  corresponding  piece  of  some  older  one, 
as  a  lintel  was  derived  from  a  lintel,  a  column  from  a 
column,  a  piece  of  wall  from  a  piece  of  wall.  .  .  .  We 
appear  to  be  severally  built  up  out  of  a  host  of  minute 
particles  of  whose  nature  we  know  nothing,  any  one  of 
which  may  be  derived  from  any  one  progenitor,  but 
which  are  usually  transmitted  in  aggregates,  considerable 
groups  being  derived  from  the  same  progenitor.  It  would 
seem  that  while  the  embryo  is  developing  itself,  the 
particles  more  or  less  qualified  for  each  new  post  wait, 
as  it  were,  in  competition  to  obtain  it.  Also  that  the 
particle  that  succeeds  must  owe  its  success  partly  to 
accident  of  position  and  partly  to  being  better  qualified 
than  any  equally  well-placed  competitor  to  gain  a  lodg- 
ment. Thus  the  step-by-step  development  of  the  embryo 
cannot  fail  to  be  influenced  by  an  incalculable  number  of 
small  and  mostly  unknown  circumstances."  ^ 

Xow,  wherever  we  have  to  do  with  a  very  large 
number  of  unknown  elements  which  combine  to  produce 
a  result,  we  are  introduced  to  those  conditions  with 
which  the  theory  of  averages  and  probability  deals.  The 
curve  of  error  discovered  by  Laplace  and  Gauss  to 
picture  the  distribution  of  a  large  number  of  observations 
around  the  average  or  mean  position,  which  is  taken  as 
the  most  probable  or  correct  one,  comes  in  as  a  valuable 
aid,  not  in  studying  the  errors  of  natural  growth,  but  as 
the  graphical  illustration  of  the  deviations  or  variations 
which  cluster  around  what  we  call  the  normal,  or  with 
Quetelet  the  mean,  figure.  Only  the  interest  is  now 
attached  not  so  much   to   specifying  and    defining    the 

^  *  Natural  Inheritance,'  p.  9. 
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homme  moyen  as  to  studying  the  deviations  from  this 
ideal  standard.  "  How  little,"  says  Mr  Galton,^  "  is  con- 
veyed by  the  bald  statement  that  the  average  income  of 
English  families  is  £100  a-year,  compared  with  what  we 
should  learn  if  we  were  told  how  English  incomes  were 
distributed."  A  crowd  of  data  furnish  for  the  astronomer 
the  material  out  of  which  he  has  to  choose  the  most 
probable,  the  correct  figure;  a  crowd  of  observations 
furnish  for  the  naturalist  the  material  from  which  he 
has  to  learn  how  nature  deviates  from  her  types  and 
exhibits  variations  which  are  the  factors  of  change  and 
development.  Thus,  under  the  hands  of  Mr  Galton,  the 
Law  of  Error  becomes  a  Law  of  Distribution,  and  the 
whole  machinery  of  the  doctrine  of  probabilities,  "  excogi- 
tated for  the  use  of  astronomers  and  others  who  are 
concerned  with  extreme  accuracy  of  measurement,  and 
without  the  slightest  idea,  until  the  time  of  Quetelet,  that 
they  might  be  applicable  to  human  measures,^  become 
the  only  tools  by  which  an  opening  can  be  cut  through 
the  formidable  thicket  of  difficulties  that  bars  the  path 
of  those  who  pursue  'the  science  of  man.'" 

Hence  while  most  people  regard  statistics  as  dull, 
they  become  for  the  naturalist  and  student  of  human 
nature  "  full  of  beauty  and  interest  " ;  ^  there  is  scarcely 
anything  so  apt  to  impress  the  imagination  as  the 
wonderful  form  of  cosmic  order  expressed  by  the 
"law  of  frequency  of  error."  "It  would  have  been 
personified  by  the  Greeks,  and  deified  if  they  had 
known  of  it."* 


^  'Natural  Inheritance,'  p.  35. 
"  Ibid.,  pp.  55,  62. 


3  Ibid.,  p.  62. 
^  Ibid.,  p.  66. 


618 


SCIENTIFIC   THOUGHT. 


error. 


43.  Every    mathematical   instrument,  when  applied  to  a 

of  theory  of  novel  purpose  for  which  it  was  not  originally  in- 
vented, "derives  as  much  benefit  in  its  development 
as  it  confers  through  being  made  use  of."  Thus  Mr 
Galton's  application  of  the  theory  of  error  to  the 
facts  of  distribution  and  variation  not  only  enabled 
him  to  bring  method  and  order  into  such  questions 
raised  by   the   Darwinian   theory^  as  natural  selection, 


^  It    is    perhaps    premature    to 
speak  with  great  confidence  of  the 
actual    results    which    have    been 
gained    by    this    novel    branch    of 
scientific  inquiry,  or  of  the  practical 
importance  which  these  results  may 
have  in  the  future  with  regard  to 
some  of  the  great  social  questions. 
Still,  in  a  history  of  thought  it  is 
of  importance  to  note  how,  through 
Mr  Galton's  writings,  the  problem 
of  Inheritance   has  acquired  quite 
a  new  aspect.     This  finds  expres- 
sion in  his  famous  so-called  "law 
of    filial   regression,"     which    goes 
against    "the   current   belief  that 
the   child   tends    to    resemble    its 
parents"    (p.    104).     In    fact,    all 
opinions   and   theories   which    had 
been   propounded    before    Gal  ton, 
either    popularly    or   scientifically, 
were   based   upon  a  one-sided   re- 
gard  to   the   more  visible  portion 
of  the  ancestry — viz.,  the  parents  ; 
whereas,  if  any  general  theory  like 
that  of  '•  pangenesis,"  or  of  "  stirps," 
or   of   the  "differentiation  of   the 
germ-plasma  and  the  body-plasma  " 
be  made  the  basis  of  discussion,  the 
whole  ancestral  tree  must  be  con- 
sidered  to  contribute   to   the  for- 
mation  of   the   characters  of   any 
individual.     In  fact,   we  have  be- 
fore us  not  one  pair,  but  an  endless 
line    of    pairs    which    are,    as   the 
terms    of    a    series,   connected   by 
the  powers   of   the   number  two  ; 
and  it  is  then  easily  seen,  without 


going  into  refinements  (which,  how- 
ever, in  the  further  elaboration  of 
the    problem,    may    become    very 
important),  that  the  first  te}m  of 
the    series,    which   represents   the 
parents,  contributes   only  one-half 
of  the  whole,  that  is,  each  parent 
one  quarter.     It  is  also  evident,  if 
each   parent   only    contributes  on 
the   average  one  quarter,  that  an 
exceptional  bias   in   any   direction 
communicated   by  them  would  be 
balanced  in  the  long-run   by  the 
opposite   action   of   the   remaining 
ancestry,    and    that,    contrary   to 
ordinary  belief,  inheritance  would 
operate  in  the  direction  of  bring- 
ing  each    individual    back    to    the 
average  of  the  whole  lineage.     Mr 
Galton   first   observed  this  law  of 
regression  to  the  average  by  definite 
countings  with  seeds  and  "a  com- 
paratively   small    number    of    ob- 
servations of  human  stature  " ;  and 
he  remarks  that  if  it  was  only  by 
these    experiments    and    observa- 
tions that  the  law  of  regression  had 
been  established,  it  could  not  have 
been   expected   that  the  truth  of 
the    apparent    paradox    would   be 
recognised.     When,    however,    the 
rule   was   once   expressed,    it  was 
"easily  shown  that   we   ought  to 
expect   filial    regression,  .  .  .  two 
different  reasons  for  its  occurrence  " 
existing — **  the  one  connected  with 
our  notions  of  stability  of  type,  the 
other  as  follows  :  the  child  inherits 
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regression,  reversion  to  ancestral  types,  extinction  of 
families,  effect  of  bias  in  marriage,  mixture  of  in- 
heritance, latent  elements,  and  generally  to  prepare 
the  ground  for  the  combined  labours  of  the  naturalist 
and  the  statistician ;  he  was  also  able  to  put  novel 
problems  to  the  mathematician. 

To  understand  this  latter  point  we  must  realise  the 


partly    from    his    parents,    partly 
from  his  ancestry.      In  every  pop- 
ulation   that    intermarries    freely, 
when  the  genealogy  of  any  man  is 
traced  far  backwards,  his  ancestry 
will   be  found   to  consist  of  such 
varied     elements     that     they     are 
indistinguishable     from    a    sample 
taken     at     haphazard     from      the 
general    population."     As    to  the 
mathematical  problem  referred  to, 
it  was  submitted  by  Mr  Galton  in 
a  definite   form   to   Mr   J.   D.    H. 
Dickson,   whose    solution    is   given 
in  the   appendix   to    'Natural   In- 
heritance.'     On   this   solution    Mr 
Galton    remarks  :    ' '  The    problem 
may   not    be    difficult    to    an    ac- 
complished   mathematician,    but   I 
certainly   never   felt   such   a   glow 
of  loyalty  and  respect  towards  the 
sovereignty     and     wide     sway     of 
mathematical  analysis  as  when  his 
answer  arrived,  confirming,  by  pure 
mathematical   reasoning,    my  vari- 
ous and   laborious   statistical   con- 
chisions  with  far  more  minuteness 
than  I  had  dared  to  hope,  because 
the   data   ran    somewhat    roughly, 
and  I  had   to   smooth   them  with 
tender  caution.   .  .   .   It  is  obvious 
from   this  close   accord  of  calcula- 
tion with  observation,  that  the  law 
of    Error    holds    throughout    with 
sufficient   precision    to    be    of  real 
service,  and  that  the  various  results 
of  my  statistics  are  not  casual  and 
disconnected    determinations,    but 
strictly  interdependent"   (p.   202). 
Another    passage    indicating    how 
much  the  inferences  from  the  law 


of     regression     run     contrary     to 
popular  opinions  on  inheritance  is 
the  following:    "The   law  of   Re- 
gression  tells   heavily   against   the 
full  hereditary  transmission  of  any 
gift.      Only   a  few   out  of    many 
children  would   be   likely  to  differ 
from  mediocrity  so  widely  as  their 
mid-parent,  and  still  fewer  would 
differ  as  widely  as  the  more  excep- 
tional of  the   two   parents.      The 
more    bountifully    the     parent    is 
gifted   by   nature,    the   more   rare 
will  be  his  good  fortune  if  he  be- 
gets a  son  who  is  as  richly  endowed 
as  himself,  and  still  more  so  if  he 
has  a  son  who  is  endowed  yet  more 
largely.      But    the    law    is    even- 
handed  ;  it  levies  an  equal  succes- 
sion-tax   on    the    transmission    of 
badness  as  of  goodness.     If  it  dis- 
courages the  extravagant  hopes  of 
a  gifted  parent  that   his   children 
will   inherit  all   his  powers,   it  no 
less    discountenances     extravagant 
fears  that  they  will  inherit  all  his 
weakness    and    disease"    (p.    106). 
Prof.  Karl  Pearson  ('  The  Grammar 
of  Science,'  2nd  ed.,  p.   479)  says 
of  the  law  of  ancestral  inheritance  : 
"  If  Darwinism    be   the  true  view 
of    evolution — i.e.,   if    we    are    to 
describe  evolution  by  natural  selec- 
tion combined  with  hereditv — then 
the  law  which  gives  us  definitely 
and  concisely  the  type  of  the  off- 
spring  in   terms  of   the   ancestral 
peculiarities,  is  at  once  the  founda- 
tion-stone of  biology  and  the  basis 
upon   which   hereditj"  becomes   an 
exact  branch  of  science." 
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44.        great   difference  which   exists    between    dealing  with   a 

Diflferencein 

application    yast    number    of    lifeless    and    of    living    units.      This 

to  living  and  '-' 

jj^Jl^^  difference  becomes  evident  if  we  consider  that  in  the 
former  case  the  number  of  units  is  unalterable  and 
the  units  are  indestructible;  in  the  latter  the  elements 
or  units  are  subject  to  enormous  increase  and  corre- 
sponding destruction,  generally  with  a  preponderance  of 
the  first.  In  the  kinetic  theory  of  gases  we  have  to 
consider,  in  every  finite  system,  the  conservation  or 
persistence  of  mass  and  motion,  the  two  units  we 
deal  with.  To  these  two  properties  of  an  immensely 
large  crowd  we  have  to  reduce  the  various  phenomena 
of  pressure,  temperature,  volume,  available  or  unavail- 
able energy.  In  the  vast  crowd  of  gemmules  which 
build  up  a  new  organism  or  regenerate  an  existing 
one,  we  have  to  deal  with  a  continual  influx  or 
creation  of  new  units  and  a  continual  extinction  and 
ejection  of  old  or  dead  ones.  Without  venturing  on 
any  theory  as  to  how  this  state  of  things  has  come 
about,  we  may  see  that  the  mathematics  and  statistics 
of  such  crowds  must  be  different  from  those  referring 
to  stable,  lifeless  assemblages.  The  twofold  task 
arises  of  formulating  the  new  problems  and  solving 
them.  To  the  extent  that  this  is  possible  we  shall 
be  able  to  deal  mathematically  with  the  great  prob- 
lem of  variability ;  and  for  the  practical  application  of 
these  mathematical  formulae  we  shall  have  to  collect 
long  series  of  facts  and  data  of  measurements — the 
material  which  has  to  be  statistically  arranged  and 
sifted,  and  which  is  to  confirm  the  conclusions  and 
test    the    results    which    calculation    has    brought    out. 
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Mr    Galton    found    ready,   or    instituted    himself,   vari- 
ous countings  of  large  numbers,  which  formed  valuable 
material    for    his    mathematical    schemes,    and    which 
confirmed    them    in    a   surprising   degree.      Some    very 
elaborate  series  of  measurements  of  the  varying  dimen- 
sions of  individual  members  in  large  crowds  of  animals 
were  published  by  Prof.  Weldon,  whose  monograph  on 
Crabs  will  always  remain  an  historical  document.^     It 
was  noticed  about  the  same  time  that  the  attempt  to 
bring  the  measured   deviations   from   the   average   into 
a   symmetrical    arrangement   on   the   sides  of  more   or 
less  was   impossible,  and   the   fact   had   to   be   realised 
and    mathematically   expressed    that    special    influences 
tending  towards  change  on  the  intermixing  of  different 
varieties  produced  an  asymmetrical  distribution  or  fre- 
quency:  ^  in  fact,  nature  works  with  loaded  dice,  pro- 
ducing a  bias  in  certain  directions;  this  is  the  favour 
which,  according    to    Darwin,  Wallace,   and    Lamarck's 
ideas,    must    meet    the    better    fitted    individuals    and 
exact  from   them   a  smaller   tribute   in   the    inevitable 
process  of  destruction  and  removal. 

We  owe  it  to  Prof.  Karl  Pearson  to  have  first  grasped 
clearly  and  comprehensively  the  mathematical  problem  S^-^"  ThT 
involved,  and  to  have  solved  it  in  a  manner  useful  for  ^^^  problem 


^  See  the  'Proceedings  of  the 
Royal  Society '  since  1890,  notably 
vol.  Ivii.,  1895,  p.  360  sqq. 

^  "An  asymmetrical  frequency 
curve  may  arise  from  two  quite 
distinct  classes  of  causes.  In  the 
first  place  the  material  measured 
may  be  heterogeneous,  and  may 
consist  of  a  mixture  of  two  or 
more  homogeneous  materials.  .  .   . 


The  second  class  of  frequency- 
curves  arises  in  the  case  of  homo- 
geneous material  when  the  tend- 
ency to  deviation  on  one  side  of 
the  mean  is  unequal  to  the  tend- 
ency to  deviation  on  the  other 
side  "  (Karl  Pearson,  "  On  the  Ma- 
thematical Theory  of  Evolution," 
'Trans.  Roy.  Soc.,'  1895,  p.  344). 
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biological  research.^  He  has  thus  put  into  the  hands  of 
naturalists  an  instrument  wherewith  to  describe  graphi- 
cally the  observed   facts  of  variation   and  other   allied 


^  A  considerable  literature  has 
already  accumulated  in  this  novel 
branch  of  exact  inquiry.  The 
complete  list  of  it  is  given  in  a 
pamphlet  by  Georg  Duncker,  en- 
titled '  Die  Methode  der  Variations- 
statistik'  (Leipzig,  1899).  From 
this  list  (p.  60)  it  will  be  seen  that 
one  of  the  earliest  workers  in  the 
field  of  biological  statistics  was 
the  botanist  F.  Ludwig,  whose 
'  Abf^chnitte  der  Mathematischen 
Botanik'  have  appeared  in  various 
periodicals  abroad  since  the  year 
1883.  The  philosopher,  however, 
to  whom  we  are  most  indebted  for 
the  mathematical  foundations  of  the 
whole  theory,  is,  as  noted  above, 
Prof.  Karl  Pearson,  whose  "  Con- 
tributions to  the  Mathematical 
Theory  of  Evolution "  have  been 
appearing  since  the  year  1893  in 
the  Trans,  of  the  Royal  Society. 
Very  helpful  abstracts  of  these 
contributions,  covering  a  large 
held  of  mathematical  theory,  and 
Containing  elaborate  discussions  of 
many  of  the  terms  recently  in- 
troduced into  biological  science, 
such  as  regression,  reversion,  in- 
heritance, panmixia,  selection,  &c., 
wiU  be  found  in  the  Proceedings  of 
the  Royal  Society  (1893,  onwards). 
Also  in  his  collected  essays,  'The 
Chances  of  Deatli  and  other  Studies 
in  Evolution'  (2  vols.,  1897)  ;  and, 
lastly,  in  the  later  chapters  of  the 
second  edition  of  his  '  Grammar  of 
Science '  (1890).  From  the  latter  it 
will  be  seen  what  far-reaching  infer- 
ences may  eventually  be  drawn 
from  the  quantitative  treatment 
and  mathematical  discussion  of 
biological  data  ;  notably  the  results 
so  far  gained  "  lead  us  to  consider 
variation  as  a  permanent  attribute 
of  living  forms,  which  can  hardly 


have  been  substantially  modified 
since  the  beginnings  of  life.  In  the 
same  manner  we  find  hereditv  in- 
timately  associated  with  variation 
in  the  individual,  and  not  ditfering 
very  substantially  as  we  pass  from 
one  character  to  a  second,  or  from 
one  to  another  form  of  life.  We 
conclude  that  variation  and  inherit- 
ance rather  precede  than  follow 
evolution  ;  they  are,  at  present,  ow 
fundamental  mystery  of  the  vital 
unit"  (p.  502).  Prof.  Pearson, 
whose  training  was  that  of  a 
mathematician  and  a  lawyer,  ap- 
proached the  problems  of  biology 
from  the  exact  point  of  view,  and 
it  is  interesting  to  see  how,  in  many 
ways,  he  comes  to  results  similar  to 
those  arrived  at  by  one  of  the  other 
great  representatives  of  modern 
biological  research,  Mr  Wm.  Bate- 
son.  See  his  '  Materials  for  the 
Study  of  Variation,  treated  with 
especial  regard  to  the  discontinuity 
in  the  Origin  of  Species'  (1894).  It 
I  understand  him  rightly,  his  re- 
searches have  led  him  to  the  con- 
clusion that  variation  cannot  be 
the  work  of  natural  selection,  since 
he  has  given  "  such  evidence  as  to 
certain  selected  forms  of  varia- 
tions "  as  to  afford  "  a  presumption 
that  the  discontinuity  of  which 
species  is  an  expression  has  its 
origin,  not  in  the  environment,  nor 
in  any  phenomenon  of  adaptation, 
but  in  the  intrinsic  nature  of 
organisms  themselves,  manifested 
in  the  original  discontinuity  of 
variations"  (p.  567).  This  "dis- 
poses, once  and  for  all,  of  the 
attempt  to  interpret  all  perfection 
and  definiteness  of  form  as  the 
work  of  selection.  ...  It  suggests, 
in  brief,  that  the  discontinuity  of 
species  results  from  the  discoutinu- 


ON    THE   STATISTICAL   VIEW   OF   NATURE.       623 

phenomena,  such  as  correlation,  heredity,  regression  and 
panmixia,  and  he  has  shown  how  to  analyse  these  graphi- 
cal tracings  so  as  to  indicate  the  several  possible  elements 
out  of  which  they  are  compounded,  representing  separate 
agencies  which  are  at  work  in  nature.  The  mathemati- 
cal inventions  of  Fourier  had  similarly  enabled  physicists 
to  analyse  the  complicated  periodicity  of  tidal  curves 
into  their  elements,  and,  under  the  hands  of  Ohm  and 
Helmholtz,  to  resolve  the  harmonies  of  music. 

We  have  here  arrived  at  the  last  stage  of  the  devel- 
opment of  the  statistical  view  of  nature.  It  has  been 
variously  judged  by  biologists  according  to  the  special 
views   they  take  of  their  problems,  and  also  according 


ity  of  variation  "  (p.  568).    Mr  Bate- 
son  expects  great  assistance   from 
the  statistical   methods.     '  *  There 
is,"  he  says,  "  no  common  shell  or 
butterfly  of  whose  variations  some- 
thing  would  not   be   learnt,    were 
some  hundreds  of  the  same  species 
collected   from    a   few    places   and 
statistically  examined  in  respect  of 
some  varying  character.     Any  one 
can  take  part  in  this  class  of  work, 
though  few    do"    (p.    574).     Not- 
withstanding  the    general    resem- 
blance  noted   above   between    the 
ideas  of  Mr  Bateson    and  of  Prof. 
Pearson,    they    differ    so   much   in 
detail    as    to    be    led    to    confess 
that  they  do  not  understand   one 
another's  languages.     Cf.  AV.  Bate- 
son, "  Heredity,  Differentiation,  and 
other     Conceptions     of     Biology," 
'Koy.    Soc.   Proc.,'   vol.  Ixix.    pp. 
193-205;    K.    Pearson,    "On    the 
Fundamental  Conceptions  of  Biol- 
<'Sy,"  '  Biometrika,'  vol.  i.  pp.  .320- 
341.     Prof.  Pearson's  view  is  that, 
for  the  working  out  of  the  theorv 
of  evolution,  "  biological  conceptions 
can  be  accurately  defined,  and  so 
defined    measured   with    quantita- 


tive exactness"  {loc.  cit.,  p.  324). 
Mr   Bateson,    on   the   other    hand, 
regards   them   as   to   some   extent 
out  of  the  reach  of   mathematical 
definition  and  measurement.     "  Dis- 
continuous variation "  in  Mr  Bate- 
son's   special   sense — by  which  we 
luay  perhaps  understand  great  as 
distinguished  from  small  but  num- 
erous deviations  from  the  average 
— Prof.  Pearson  regards  as  "  statis- 
tically  negligible  for   the  purpose 
of  vital  statistics"  (pp.  333,  334). 
He,  in  fact,  holds  closer   to    Dar- 
winism as  understood  by  Darwin, 
who     never    looked     with     much 
favour   on   Huxley's  view,  for  ex- 
ample,   that   "sports,"    as    distin- 
guished   from    the   sum   of    small 
differences    in    individuals,    might 
furnish  an  appreciable  part  of  the 
materials     for     natural     selection. 
Mr   Bateson 's   view   found    favour 
with  Huxley,  as  may  be  observed 
in  the 'Life  and  Letters.'     On  the 
novelty  and  value  of  Prof.  Pearson's 
methods,   see  also  the  Address  by 
Prof.    Weldon    to    tlie    Zoological 
Section  of  the  British  Association 
in  1898. 
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to  the  degree  in  which  they  appreciate  and  are  able  to 
grasp  mathematical  methods.     The  subject  is  still  under 
discussion,  and  will  belong  to  the  History  of  Thought  of 
a  coming  age.     It  is  enough  to  have  indicated  the  latest 
lines  of  reasoning  which  our  century  has  marked  out, 
and   to  notice  how   they  form   a   new   and  remarkable 
instance  of  the  growth  and   diffusion  of    the  exact  or 
mathematical  spirit  in  a  department  of  research  hitherto 
almost  untouched  by  it,  prepared  though  it  has  been  for 
such  treatment  by  one  among  whose  great  endowments 
a  grasp  of  mathematical  reasoning  hardly  formed  a  dis- 
tinctive feature.     In  former  chapters  I  have  had  occasion 
to  show  how  Charles  Darwin  introduced  into  the  science 
of  nature  two  novel  points  of  view — the  genetic  view 
and  the  process  of  judicial  sifting  of  evidence.     We  may 
now  add  that   he   has   indirectly,  more    than    directly, 
furthered  quite  as  much  the  statistical  view  of  natural 
phenomena  through  which  we  have  learned  to  find  and 
trace  law  and  order  in  great  realms  of  phenomena  and 
events    usually    supposed    to  be  governed    by   what   is 
termed  blind  chance.     The  study  of  this  blind  chance 
in  theory  and  practice  is  one  of  the  greatest  scientific 
performances  of  the  nineteenth  century. 

But  whilst  acknowledging  the  great  importance  which 
the  statistical  treatment  of  phenomena  has  acquired  in 
our  acre,  and  the  value  of  the  statistical  view  of  many 
large  departments  of  natural  processes  which  escape 
.  almost  every  other  mode  of  dealing  with  them,  we 
must  not  forget  that  it  is  essentially  one-sided. 

Clerk-Maxwell  has  suggestively  opposed  it  alike  to  the 
mechanical  and  the  historical  views,  of  which  the  former 
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tries   to  describe  the  general   mechanism   under   which, 
the  latter  the  individual  steps  and  incidents  by  which, 
special  events  or  phenomena  proceed  and  are  character- 
ised.    Earlier  chapters   of  this  narrative  attempted  to 
give  an  account  of  the  former,    whilst   the   essentially 
historical  treatment  belongs  to  another  portion  of  the 
work.     The  word  history  has  generally  been  reserved  for 
records  which  deal  with  those  events  in  which  human 
consciousness  has  played  a  large,  if  not  an  overwhelming, 
part,  and  has  been  able  to  assist  the  observer  by  its  own 
accounts  and  representations.     What  should  we  know  of 
human  life  and  human  interests  without  them,  and  how 
helpless — in  spite  of  minutest  observation — do  we  still 
appear    to    be    in    understanding   the  life  of  the  brute 
and  mute  creation,  even  of   the  domestic  animals,   our 
daily  friends  and  companions  ?     But  if  history,  as  opposed 
to  statistics,  really  seems  only  possible  where  the  living 
voice  or  the  surviving  narrative  of  those  who  have  de- 
parted helps  us  to  a  true  understanding  of  its  incidents 
and  its  meaning,  it  also  imposes  upon  us  the  task  of  sift- 
ing   its    value   and    trustworthiness   critically.     Mathe- 
matics, logic,  and  statistics  may  do  something  to  exclude 
the  actually  impossible  or  the  highly  improbable  from 
a  vast  mass  of  material ;  but  more  delicate  criteria  are 
required  in  dealing  with  the  accumulated  testimony  of 
bygone    ages.     With  an  unerring  instinct  of  what,  in 
addition  to  mathematical  measurements,  may  be  required 
m  order  to  accomplish  this  task,  the  nineteenth  century 
has  not  only  nursed  the  scientific  spirit  and  cultivated 
Its    methods,   but  with    equal   diligence  and   originality 
those  other    methods   which   lie    at   the    foundation    of 
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all    recent    philosophical    thought  —  the    methods    of 
criticism. 

And  yet,  before  taking  leave  of  science  and  entering 
on  a  comprehensive  appreciation  of  the  workings  of 
the  Critical  Spirit  with  which  all  our  thought  seems 
to  be  permeated,  I  owe  to  my  readers  the  attempt 
to  answer  one  remaining  question.  If  it  be  true, 
as  the  foregoing  narrative  has  abundantly  insisted, 
that  through  the  increasing  application  of  mathematical 
methods  of  measuring  and  calculating,  our  thought  has 
become  truly  scientific  and  our  knowledge  accurate  and 
useful  for  describing  and  predicting  phenomena,  as  also 
for  manifold  practical  applications,  we  may  be  curious  to 
know  whether  the  refined  instrument,  mathematical 
thought  itself,  has  been  subject  to  such  change  and 
development  as  has  been  undergone  by  the  various 
branches  of  science  to  which  it  has  been  applied.  In 
fact,  we  have  to  ask  the  question.  How  has  mathe- 
matical thought  itself  fared  in  the  course  of  the  nine- 
teenth century  ?  The  concluding  chapter  of  the  present 
volume  will  try  to  give  a  reply  to  this  question. 


CHAPTER  XIIL 

ON  THE  DEVELOPMENT   OF  MATHEMATICAL   THOUCxHT  DURING 

THE  NINETEENTH  CENTURY. 

In  venturing  upon  the  last  and  most  abstract  portion  of        i. 
the  great  domain  of  Scientific  Thought  of  the  century,  it  tloS.'' 
may  be  well  to  remind  the  reader  that  it  is  not  a  history 
of  science  but  a  history  of  thought  that  I  am  writing. 
When   dealing  in   the    foregoing    chapters    with   manl 
fold  discoveries,  drawn  promiscuously  from  the  various 
natural  sciences,  I  have  done  so  only  to  show  how  the 
scientific  mind  has,  in  the  course  of  the  period,  come 
to  regard  the  things  of  nature  from  different  points  of 
view,  and    to    think    and    reason    on   them    differently. 
Such  changes  have   frequently   been  brought  about  by 
the   discovery   of   novel   facts,   but   this   alone   has   not 
generally  sufficed  to  mark  also  a  change  in  the  manner 
of  reasoning  on  and  thinking  about  them.     The  increase 
111  the  number  of  natural  species,  of  the  chemical  ele- 
ments  or  of   the   smaller  planets,  has   not   necessarily 
made  us  think  differently  about  these  things  in  them- 
selves :  the  theory  and  point  of  view  may  change  without 
any  change  in  the  object  towards  which  they  are  directed, 
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for  they  mark  more  the  attitude  of  the  beholder  than 
the  things  which  he  regards.  It  is  true  that  a  very 
small  addition  to  our  axitual  knowledge  of  facts,  like  the 
sudden  appearance  of  some  characteristic  feature  in  a 
landscape,  may  sometimes  entirely  alter  the  whole  aspect, 
induce  us  to  abandon  our  accustomed  views,  and  call  up 
suddenly  an  unforeseen  train  of  ideas ;  in  such  a  case, 
perhaps,  this  insignificant  discovery  becomes  historically 
interesting,  although  it  is  mainly  by  the  altered  trains 
of   thought   which   it   has   evoked   that   it   has   become 

important  to  us. 

The  difference  of  scientific  knowledge  and  scientific 
thought  is  thus  owing  to  the  two  factors  which  are 
involved — the  facts  of  science  or  nature  on  the  one  side 
and  the  scientifically  thinking  mind  on  the  other.  Now 
it  might  appear  as  if  this  difference  vanished  when  we 
approach  the  abstract  science  of  mathematics,  or  at  least 
that  of  number;  for  in  numbering  and  counting  we 
have  really  only  to  do  with  a  process  of  thought,  and  it 
would  seem  as  if  the  science  of  number  were  itself  the 
science  of  thought,  or  at  least  a  portion  of  it.  In  fact, 
the  question  arises.  Is  there  any  difference  between 
mathematical  science  and  mathematical  thought  ?  Some 
considerations  might  induce  us  to  think  that  there  is 
not.  On  the  other  side,  I  shall  try  to  show  in  this 
chapter  that  there  is,  and  that  the  development  of 
mathematics  during  our  period  has  brought  this  out 
very  clearly  and  prominently. 

There  is  an  opinion  current  among  many  thinkmg 
persons  who  have  not  occupied  themselves  with  mathe- 
matical science,  though   they  may  be  very  efficient  in 


calculating  and  measuring,  that  there  is  really  nothing 
new  in  mathematics,  that  two  and  two  always  make 
four,  that  the  sum  of  the  angles  in  a  triangle  always 
make  two  right  angles,  and  that  all  progress  in  mathe- 
matics is  merely  a  question  of  intricacy,  a  never-ending 
process  of  increased  complication  by  which  you  can 
puzzle  even  the  cleverest  calculator.  To  them  the  his- 
tory of  mathematics  would  be  something  analogous  to 
the  history  of  games  like  whist  or  chess,  the  resources  and 
complications  of  which  seem  to  be  inexhaustible.  So  they 
think  ^  that  the  intricacies  and  refinements  of  elementary 
and  higher  mathematics  will  supply  endless  material  for 
training  the  minds  of  schoolboys  or  trying  the  ingenuity 


^  "  Some  people  have  been  found 
to  regard  all  mathematics,  after  the 
47th   proposition    of   Euclid,   as   a 
sort    of    morbid    secretion,    to    be 
compared  only  with  the  pearl  said 
to   be  generated    in    the   diseased 
oyster,  or,  as  I  have  heard  it  de- 
scribed, '  une  excroissance  maladive 
de  I'esprit  humain.'       Others  find 
its  justification,  its  raison  d'etre,  in 
its   being   either   the   torch-bearer 
leading  the  way,  or  the  handmaiden 
holding  up  the  train  of   Physical 
Science ;  and  a  very  clever  writer 
in   a   recent    magazine   article   ex- 
presses his  doubts  whether  it  is,  in 
Itself,  a   more   serious   pursuit,  or 
more  worthly  of  interesting  an  in- 
tellectual  human    being,  than   the 
study  of  chess  problems  or  Chinese 
puzzles.     What   is   it    to    us,  they 
say,  if  the  three  angles  of  a  triangle 
are  equal  to  two  right  angles,  or  if 
every  even  number  is,  or  may  be, 
the  sum  of  two  primes,  or  if  every 
equation   of   an   odd  degree   must 
have  a  real  root  ?     How  dull,  stale, 
flat,  and  unprofitable  are  such  and 
such   like   announcements !     Much 
more  interesting  to  read  an  account 


of  a  marriage  in  high  life,  or  the 
details   of   an    international    boat- 
race.      But  this  is  like  judging  of 
architecture  from  being  shown  some 
bricks  and  mortar,  or  even  a  quar- 
ried stone  of  a  public  building,  or  of 
painting  from  the  colours  mixed  on 
the  palette,  or  of  music  by  listening 
to  the  thin  and  screech  sounds  pro- 
duced by  a  bow  passed  haphazard 
over  the  strings  of  a  vioHn.     The 
world  of  ideas  which  it  discloses  or 
illuminates,  the  contemplation   of 
divine  beauty  and  order  which  it 
induces,  the  harmonious  connexion 
of  its  parts,  the  infinite  hierarchy 
and  absolute  evidence  of  the  truths 
with  which  it  is  concerned,  these, 
and  such  like,  are  the  surest  grounds 
of    the    title    of    mathematics    to 
human  regard,  and  would  remain 
unimpeached  and  unimpaired  were 
the  plan  of  the  universe  unrolled 
like  a  map   at  our   feet,  and   the 
mind  of  man  qualified  to  take  in 
the  whole  scheme  of  creation  at  a 
glance"    (Prof.    J.    J.    Sylvester, 
Address   before   Brit.    Assoc,   see 
'  Report,'  1869,  p.  7). 
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of  senate-house  examiners  and  examinees,  without  for  a 
moment  considering  the  question  whether  mathematical 
thought  as  distinguished  from  mathematical  problems  is 
capable  of  and  has  undergone  any  radical  and  funda- 
mental change  or  development. 

Closely  allied  with  this  is  the  further  question  as  to 
the  use  of  mathematics.  Two  extreme  views  have  always 
existed  on  this  point.^  To  some,  mathematics  is  only  a 
measurincr  and  calculatincr  instrument,^  and  their  interest 


^  Of  the  two  greatest  mathemati- 
cians of  modern  times,  Newton  and 
Gauss,  the  former  can  be  considered 
as  a  representative  of  the  first,  the 
latter  of  the  second  clasa  ;  neither  of 
them  was  exclusively  so,  and  New- 
tion's  inventions  in  the  pure  science 
of  mathematics  were  probably  equal 
to  Gauss's  work  in  applied  mathe- 
matics. Newton's  reluctance  to 
publish  the  method  of  fluxions  in- 
vented and  used  by  him  may  per- 
haps be  attributed  to  the  fact  that 
he  was  not  satisfied  with  the  logical 
foundations  of  the  calculus  ;  and 
Gauss  is  known  to  have  abandoned 
.  his  electro-dynamic  speculations,  as 
;he  could  not  find  a  satisfactory 
physical  basis  (see  supra,  p.  67). 
Others  who  were  not  troubled  by 
similar  logical  or  practical  scruples 
stepped  in  and  did  the  work,  to  the 
great  benefit  of  scientific  progress. 
Newton's  greatest  work,  the  '  Prin- 
cipia,'  laid  the  foundation  of  mathe- 
matical physics  ;  Gauss's  greatest 
work,  the  '  Disquisitiones  Arith- 
meticse,' that  of  higher  arithmetic 
as  distinguished  from  algebra. 
Both  works,  written  in  the  syn- 
i  thetic  style  of  the  ancients,  are 
■  difl&cult,  if  not  deterrent,  in  their 
form,  neither  of  them  leading  the 
reader  by  easy  steps  to  the 
results.  It  took  twenty  or  more 
years  before  either  of  these  works 
received   due   recognition  ;  neither 


found  favour  at  once  before  that 
great  tribunal  of  mathematical 
thought,  the  Paris  Academy  of 
Sciences.  Newton's  early  reputa- 
tion was  established  by  other 
researches  and  inventions,  notablv 
in  optics ;  Gauss  became  known 
through  his  theoretical  rediscovery 
of  Ceres,  the  first  of  the  minor 
planets  (see  above,  vol.  i.  p.  182). 
The  country  of  Newton  is  still  pre- 
eminent for  its  culture  of  mathe- 
matical physics,  that  of  Gauss  for 
the  most  abstract  work  in  mathe- 
matics. Not  to  speak  of  living 
authorities,  I  need  only  mention 
Stokes  and  Clerk -Maxwell  on  the 
one  side,  Grassmann,  Weierstrass, 
and  Georg  Cantor  on  the  other. 

■^  Huxley  said  :  "  Mathematics 
may  be  compared  to  a  mill  of 
exquisite  workmanship  which  grinds- 
you  stuff  of  any  degree  of  fineness  : 
but,  nevertheless,  what  you  get  out 
depends  on  what  you  put  in  ;  and 
as  the  grandest  mill  in  the  world 
will  not  extract  wheat-flour  from 
peas-cods,  so  pages  of  formula)  will 
not  get  a  definite  result  out  of 
loose  data  " ;  and  on  another  occa- 
sion he  said  that  mathematics  "  is 
that  study  which  knows  nothing  of 
observation,  nothing  of  induction, 
nothing  of  experiment,  nothing  of 
causation."  The  former  statement 
was  endorsed  by  Lord  Kelvin 
(*Pop.   Lectures,'   &c.,   vol.  ii.  p. 


ceases  as  soon  as  discussions  arise  which  cannot  benefit 
those  who  use  the  instrument  for  the  purposes  of 
application  in  mechanics,  astronomy,  physics,  statistics, 
and  other  sciences.  At  the  other  extreme  we  have 
those  who  are  animated  exclusively  by  the  love  of  pure 
science.  To  them  pure  mathematics,  with  the  theory  of 
numbers^  at  the  head,  is  the  one  real  and  genuine 
science,  and  the  applications  have  only  an  interest  in 
so  far  as  they  contain  or  suggest  problems  in  pure 
mathematics.  They  are  mainly  occupied  with  examin- 
ing and  strengthening  the  foundations  of  mathematical 
reasoning  and  purifying  its  methods,  inventing  rigorous 
proofs,  and  testing  the  validity  and  range  of  applicability 
of  current  conceptions.  We  may  say  that  the  former 
are  led  by  practical,  the  latter  by  philosophical,  interests, 
and  these  latter  may  be  either  logical  or   ontolocrical,- 


102) ;  the  latter  was  energetically 
repudiated  by  Sylvester  in  his 
famous  Address  to  the  first  section 
of  the  British  Assoc,  at  Exeter 
(1869,   'Report,'  &c.,  p.  1,  &c.) 

^  Gauss  considered  mathematics 
to  be  "  the  Queen  of  the  Sciences, 
and  arithmetic  the  Queen  of  Mathe- 
matics. She  frequently  conde- 
scends to  do  service  for  astronomy 
and  other  natural  sciences,  but  to 
her  belongs,  under  all  circum- 
stances, the  foremost  place"  (see 
'Gauss  zum  Gedachtniss,'  by  Sar- 
torius  von  Waltershausen,  Leipzig, 
1856,  p.  79).  Cayley's  presidential 
Address  to  the  British  Association. 
1883,  has  been  frequently  quoted  : 
"Mathematics  connect  themselves 
on  one  side  with  common  life  and 
the  physical  sciences  ;  on  the  other 
side  with  philosophy  in  regard  to 
our  notions  of  space  and  time  and 
the  questions  which  have  arisen  as 
to  the  universality  and  necessity  of 


the  truths  of  mathematics,  and  the 
foundation    of    our    knowledge    of 
them.     I  would  remark  here  that 
the    connection    (if    it    exists)    of 
arithmetic   and    algebra   with   the 
notion  of  time  is  far  less  obvious 
than    that   of  geometry   with   the 
notion   of   space"    ('Mathematical 
Papers,'  vol.  xi.  p.  130).     In  addi- 
tion   to    founding     higher     arith- 
metic. Gauss  occupied  himself  with 
the  foundations  of  geometry,  and, 
as   he    expected    much    from    the 
development  of  the  theory  of  num- 
bers, so  he  placed  "great  hopes  on 
the    cultivation   of    the    geomietria 
situs,  in  which  he  saw  large  unde- 
veloped tracts  which  could  not  be 
conquered  by  the  existing  calculus" 
(Sartorius,  loc.  cit.,  p.  88). 

^  To  this  might  be  added  the 
psychological  interest  which  at- 
taches to  mathematical  concep- 
tions. The  late  Prof.  Paul  Du 
Bois  •  Reymond    occupied    himself 
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inasmuch  as  number  and  form  are  considered  to  be 
the  highest  categories  of  human  thought,  or  likewise  as 
the  ultimate  elements  of  all  reality.  These  two  interests 
existed  already  in  antiquity,^  as  the  word  "  geometry  " 


much  with  the  question.     See  the 
following  works  :  *  Die  AUgemeine 
Functionentheorie,'  part   i.,    Tiib- 
ingen,    1882;    'Ueber  die   Grund- 
lagen  der  Erkenntniss  in  den  ex- 
acten    Wissenschaften,'   Tiibingen, 
1890;   and  his  paper  "Ueber  die 
Paradoxien     des     iufinitlircalciils " 
('  Mathematische  Annalen,'  vol.  ix. 
p.  149).     In  addition  to  the  two 
main    interests    which    attach    to 
mathematical  research,  and  which 
I  distinguish  as  the  practical   and 
the  philosophical,  a  third  point  of 
view   has   sprung    up    in    modern 
times    which    can    be    called    the 
purely    logical.      It     proposes     to 
treat   any  special   development  of 
mathematical    research    with     the 
aid    of    a    definite,    logically   con- 
nected complex  of  ideas,  and  not 
to    be    satisfied    to   solve    definite 
problems    with    the    help    of    any 
methods  which   may  casually  pre- 
sent themselves,  however  ingenious 
they   may   be.      In   this   way   the 
great  geometrician,  Jacob  Steiner, 
e.g.,  refused  the  assistance  of  ana- 
lysis in  the  solution  of  geometrical 
problems,  conceiving   geometry   as 
a  complete  organism  which  should 
solve    its    problems     by    its    own 
means.     This  view  has  been  much 
strengthened  by  the  development 
in  modern  times  of  the  theory  of 
Groups ;     a    group    of    operations 
being  defined  as  a  sequence  of  such 
operations    as    always    lead     back 
again    to   operations   of    the   same 
kind.      Mathematical    rigorists  in 
thie   sense   would   look    upon    the 
use   of   mixed    methods   or  opera- 
tions  not   belonging   to  the   same 
group  with  that  kind  of  disfavour 
with  which   we   should  regard  an 


essayist  who  could  not  express  his 
ideas  in  pure  English,  but  was 
obliged  to  import  foreign  wortls 
and  expressions.  It  is  interesting 
to  see  that  the  country  which  has 
ofiended  most  by  the  importatior. 
of  foreign  words  —  namely,  Ger- 
many— is  that  in  which  this  purism 
in  mathematical  taste  has  found 
the  most  definite  expression.  (See. 
inter  alia^  Prof.  Friedrich  Engel's 
Inaugural  Lecture,  "Der  Gesch- 
mack  in  der  neueren  Mathematik," 
Leipzig,  1890,  as  also  Prof.  F. 
Klein's  suggestive  tract,  '  Ver- 
gleichende  Betrachtungen  iiber 
neuere  Geometrische  Forschungeu,' 
Erlangen,  1872.) 

^  The  literature  of  this  subject 
is  considerable.  I  confine  myself 
to  two  works.  The  late  eminent 
mathematician,  Hermann  Hankel, 
of  whom  more  in  the  sequel  of 
this  chapter,  besides  showing  much 
originality  in  the  higher  branches 
of  the  science,  took  great  interest 
in  its  philosophical  foundations 
and  historical  beginnings.  In  1870 
he  published  a  small  but  highly 
interesting  volume,  *  Zur  Ge- 
schichte  der  Mathematik  in  Alter- 
thum  und  Mittelalter '  (Leipzig, 
Teubner).  We  have,  besides,  the 
great  work  of  Prof.  Moritz  Cantor, 
'  Vorlesungen  iiber  Geschichte  der 
Mathematik,'  in  three  large  volumes 
(Leipzig,  Teubner).  It  brings  the 
history  down  to  1758.  Referring 
to  the  two  interests  which  led  to 
mathematical  investigations,  Hankel 
says  (p.  88) :  "  From  the  moment 
that  Greek  philosophers  begin  to 
attract  our  attention  through  their 
mathematical  researches,  the  as- 
pect   which    mathematics    present 


and  the  well-known  references  to  mathematical  ideas 
in  the  schools  of  Pythagoras  and  Plato  indicate.  An 
ancient  fragment^  which  enumerates  briefly  the  Grecian 
mathematicians,  says  of  Pythagoras,  "  He  changed  the  oc- 
cupation with  this  branch  of  knowledge  into  a  real  science, 
inasmuch  as  he  contemplated  its  foundation  from  a 
higher  point  of  view,  and  investigated  the  theorems 
less  materially  and  more  intellectually ; "  ^  and  of  Plato 
it  says  that  "  He  filled  his  writings  with  mathematical 
discussions,  showing  everywhere  how  much  of  geometry 
attaches  itself  to  philosophy."^ 

This  twofold  connection  of  mathematical  with  other 
pursuits  has,  after  the  lapse  of  many  centuries,  come 
prominently  forward  again  in  the  nineteenth  century. 
We  have  already  had  to  record  a  powerful  stimulus  to 
mathematical  thought  in  almost  every  chapter  in  which 
we  dealt  with  the  fruitful  ideas  which  governed  scientific 
work,  and  we  have  now  no  less  to  draw  attention  to  the 
philosophical  treatment  which  has  been  bestowed  upon 
the  foundations  of  science  and  the  inroad  of  mathemati- 


changes  radically.  Whilst  among 
the  earlier  civilised  nations  we  only 
meet  with  routine  and  practice, 
with  empirical  rules  which  served 
practical  purposes  in  an  isolated 
manner,  the  Grecian  mind  on  the 
other  side  recognised,  from  the 
first  moment  when  it  became 
acquainted  with  this  matter,  that 
it  contained  something  which  tran- 
scended all  those  practical  ends, 
but  which  was  worthy  of  special 
attention,  and  which  could  be  ex- 
pressed in  a  general  form,  be- 
ing, in  fact,  an  object  of  science. 
This  is  the  high  merit  of  the  Greek 
mathematicians  ;  nor  need  one  fear 


that  this  merit  should  be  dimin- 
ished by  admitting  that  they  bor- 
rowed the  new  material  from  the 
ancient  Egyptian  civilisation." 

^  The  fragment  referred  to  is 
preserved  by  Proclus,  and  is  given 
in  full  in  Cantor's  work  (vol.  i.  p. 
124  sqq.)  He  calls  it  an  ancient 
catalogue  of  mathematicians.  It 
is  generally  attributed  to  Eudemus 
of  Rhodes,  who  belonged  to  the 
peripatetic  school  of  philosophy, 
and  was  the  author  of  several  his- 
torical treatises  on  geometry  and 
astronomy  (Cantor,  vol.  i.  p.  108). 

2  Cantor,  vol.  i.  p.  137. 

3  Ibid.,  p.  213. 
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cal  into  philosophical  thought ;  ^  so  much  so  that  this 
closing  chapter  on  the  development  of  mathematical 
thought  forms  a  fitting  link  with  the  next  great  depart- 
ment of  our  subject — the  Philosophy  of  the  Century. 

We  are  told  that  mathematics  among  the  Greeks  had 
its  origin  in  the  Geometry  invented  by  the  ancient 
Egyptians  for  practical  surveying  purposes.  The  first 
mathematical  problems  arose  in  the  practice  of  men- 
suration. Modern  mathematical  thought  received  in 
an  analogous  manner  its  greatest  stimulus  through  the 
Uranometry  of  Kepler,  Newton,  and  Laplace :  through 
the  mechanics  and  the  survey  of  the  heavens  new 
methods  for  solving  astronomical  problems  were  in- 
vented in  the  seventeenth  and  eighteenth  centuries, 
and  the  nineteenth  century  can  be  said  to  have  at- 
tempted to  perform  towards  this  new  body  of  doctrine 
the  same  task  that  Euclid,  three  hundred  years  before 
the  Christian  era,  performed  towards  the  then  existing 
mathematics.  As  Proclus  tells  us,  "  putting  together 
the  elements,  arranging  much  from  Eudoxus,  furnishing 
much  from  Theoetetus,  he,  moreover,  subjected  to  rigorous 
proofs  what  had  been  negligently  demonstrated  by  his 
predecessors."  ^  What  one  man,  so  far  as  we  know,  did 
for  the  Grecian  science,  a  number  of  great  thinkers  in 


^  Thus,  for  instance,  the  recent 
investigations  and  theories  of  the 
"manifold,"  as  they  have  been 
set  forth  by  Prof.  Georg  Cantor 
of  Halle,  constitute,  as  it  were, 
a  new  chapter  in  mathematical 
science,  whereas  they  were  for- 
merly a  subject  merely  of  philoso- 
phical interest.  See  a  remark  to 
this  effect  by  B.  Kerry  at  the  end 
of   his  very  interesting  article  on 


Cantor's  doctrine  in  the  9th 
vol.  of  Avenarius's  '  Zeitschrift 
fiir  wissenschaftliche  Philosophie' 
(1885),  p.  231,  where  he  refers  to 
Kant's  comparison  of  philosophy 
to  a  Hecuba  "  tot  generis  natisque 
potens. " 

-  Quoted  by  Cantor,  vol.  i.  p. 
247.  See  also  Hankel,  loc.  cit., 
p.  381  sqq. 


our  century,  among  whom  I  only  mention  Gauss,  Cauchy, 
and  Weierstrass,  attempted  to  do  for  the  new  science 
which  was  created  during  the  two  preceding  centuries. 
As  Prof.  Klein  says,  "  We  are  living  in  a  critical  period, 
similar  to  that  of  Euclid."  ^ 


1  See  '  The  Evanston  Colloquium, 
Lectures  on  Mathematics  delivered 
in  August  and  September  1893,'  by 
Felix   Klein,   notably   Lecture   vi. 
In  this  lecture  Prof.  Klein  explains 
his   view  (to  which  he  had   given 
utterance  in  his  address  before  the 
Congress  of  Mathematics  at  Chicago : 
' Papejs  published  by  the  American 
Mathematical   Society,'   vol.    i.    p. 
133.      New    York,    1896)    on    the 
relation   of    pure    mathematics   to 
applied  science.     This  view  is  based 
upon  the  distinction  between  what 
he  calls  the  "naive  and  the  refined 
intuition."   .    .    .    "  It  is  the  latter 
that  we  find  in  Euclid ;  he  carefully 
develops  his  system  on  the  basis  of 
well  -  formulated   axioms,    is   fully 
conscious  of  the  necessity  of  exact 
proofs,    clearly    distinguishes     be- 
tween the  commensurable  and  the 
incommensurable,  and  so  forth.  .  .  . 
The  naive  intuition,  on  the  other 
hand,  was  especially  active  during 
the  period  of  the   genesis  of   the 
differential   and   integral   calculus. 
Thus  we  see  that  Newton  assumes 
without  hesitation  the  existence,  in 
every  case,  of  a  velocity  in  a  mov- 
ing point,  without  troubling  him-  i 
self    with     the     inquiry    whether 
there    might    not    be    continuous 
functions  having  no  derivative." 
^^  In   the   opinion   of   Prof.    Klein 
"the  root  of  the  matter  lies  in  the 
fact  that  the  naive  intuition  is  not 
exact,  while  the  refined  intuition  is 
not  properly  intuition  at  all,  but 
arises  through  the  logical  develop- 
ment  from  axioms   considered   as 
perfectly  exact." 

In  the  sequel  Prof.  Klein  shows 
that  the  naive   intuition    imports 


into    the    elementary    conceptions 
elements  which  are  left  out  in  the 
purely  logical  development,  and  that 
this  again  leads  to  conclusions  which 
are  not  capable  of  being  verified  by 
intuition,   no  mental  image  being 
possible.     Thus,  for   instance,  the 
abstract  geometry  of  Lobatchevsky 
and  Kiemann  led  Beltrami  to  the 
logical   conception  of   the   pseudo- 
sphere  of   which  we  cannot   form 
any  mental  image.     Similar  views 
to  those  of  Prof.  Klein  have  been 
latterly  expressed  by  H.  Poincare 
in     his      suggestive     volume     'La 
Science    et     I'Hypothese '    (Paris, 
1893).      He    there    says    (p.    90)  : 
" .  .   .   L'experience  joue  un   role 
indispensable  dans  la  genese  de  la 
geom^trie ;     mais    ce     serai t     une 
erreur   d'en   conclure   que   la  geo- 
metrie     est     une    science     experi- 
mentale,  meme  en  partie.  ...  La 
geometrie  ne  serait  que  I'etude  des 
mouvements  des  solides ;  mais  elle 
ne  s'occupe  pas  en  realite  des  solides 
naturels,  elle  a  pour  objet  certains 
solides  id^aux,  absolument  invari- 
ables,  qui  u'en  sont  qu'une  image 
simplifiee  et  bien  lointaine.  .  .  .  Ce 
qui  est  I'objet  de  la  geometrie  c'est 
I'etude  d'un  '  groupe  '  particulier  ; 
mais  le  concept  general  de  groupe 
preexiste    dans    notre    esprit    au 
moins  en  puissance.    .    .    .    Seule- 
ment,     parmi     tons    les    groupes 
possibles,  il  faut  choisir  celui  qui 
sera  pour  ainsi  dire  I'etalon  auquel 
nous  rapporterons  les  phenomenes 
naturels."      This    distinction     be- 
tween the  mathematics  of  intuition 
and  the  mathematics  of  logic  has 
also  been  forced  upon  us  from  quite 
a  different  quarter.     The  complica- 
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It  is  right  to  place  the  name  of  Gauss  at  the  head,  for 
his  investigations  regarding  several  fundamental  and 
critical  questions  in  arithmetic  and  geometry  date  from 
the  last  years  of  the  eighteenth  century,  long  before 
Cauchy 's  influence  made  itself  felt.  This  is  now  abund- 
antly clear  through  the  publication  of  Gauss's  works,  and 
from  much  of  his  correspondence  with  personal  friends, 
notably  with  the  astronomer  Bessel.  We  can  now 
understand  how  those  who  knew  him  regarded  him  as 
a  kind  of  mathematical  oracle  to  whom  "  nothing  in 
theory  existed  that  he  had  not  looked  at  from  all  sides,"  ^ 
and  who  anticipated  in  his  own  mind  the  development 
which  mathematical  thought  was  to  take  for  a  lontr 
time  after  him.  And  yet  it  was  not  to  him  primarily 
that  the  great  change  was  due  which  came  over  mathe- 
matical reasoning  during  the  first  half  of  the  century. 
Gauss  was  not  a  great  teacher.  In  fact,  there  existed 
in  the  first  quarter  of  the  period  only  one  great  training 
school  in  advanced  mathematics,  and  that  was  Paris. 
There  it  was  that  Augustin  Cauchy — first  as  lecturer, 


tion  of  modern  mathematics  and 
the  refinement  of  the  modern 
theories  have  brought  about  the 
desire  "  to  create  an  abridged 
system  of  mathematics  adapted  to 
the  needs  of  the  appHed  sciences, 
without  passing  through  the  whole 
realm  of  abstract  mathematics " 
(Klein,  loc.  cit.,  p.  48).  In  this 
country  Prof.  Perry  has  made  a 
beginning  by  publishing  his  well- 
known  work,  '  Calculus  for  En- 
gineers,' which  has  been  welcomed 
by  Prof.  Klein  in  Germany,  and 
which  has  led  to  an  extensive 
correspondence  in  the  pages  of 
'  Nature '  ;  it  being  recognised  by 
many  that  a  quicker  road  must  be 


made  from  the  elements  to  the 
higher  applications  of  mathematics 
in  the  natural  sciences  than  the 
present  school  system,  beginning 
with  Euclid,  admits  of.  The 
separation  of  the  logical  and  prac- 
tical treatment  of  any  science,  as 
likewise  the  independent  develop- 
ment in  Germany  of  the  poly- 
technic school  alongside  of  the  uni- 
versity, has,  however,  its  dangers, 
as  is  recognised  by  Prof.  Klein 
{*  Chicago  Mathematical  Papers,'  p. 
136). 

^  See  Bessel's  letter  to  Gauss. 
27th  December  1810,  in  *Brief- 
wechsel  zwischen  G.  and  B.,  Leipzig, 
1880,  p.  132. 


then  as  professor — exerted   his  great  influence   in   the 
famous   ficole   Polytechnique,  in   the   Sorbonne,  in   the 
College  de  France.-^     In  contrast  with  Gauss — who  was 
self-contained,  proud,  and  unapproachable,  whose  finished 
and  perfect  mathematical  tracts  were,  even  to  those  who 
worshipped  him,  an  abomination,^  owing  to  their  unin- 
telligible  and   novel   enunciation,   who   hated   lecturing 
— Cauchy  possessed    the    enthusiasm    and    patience   of 
the   teacher,^   spent  hours   with    his   pupils,   and   pub- 
lished his  lectures  on  the  foundations  of  the  Calculus 
for  the  benefit  of   the  rising  mathematical   generation. 
Thus  he  has  the  merit  of  having  created  a  new  school 
of  mathematical  thought — not  only  in  France  but  also 
abroad,  where   the   greatest   intellects,  such  as   that  of 
Abel,^  expressed   themselves  indebted  to  him  for  hav- 
ing pointed   out   the   only  right   road  of  progress.     It 
will  be  useful  to  define  somewhat  more  closely  wherein 
this  new  school  differed  from  that  preceding  it,  which 
culminated  in  the  great  names  of  Euler,  Lagrange,  and 
Laplace. 

The  great  development  of  modern  as  compared  with 
ancient  mathematics  may  be  stated  as  consisting  in  the  in- 

^  See  Valson,  *  La  Vie  et  les 
Travaux  du  Baron  Cauchy,'  Paris, 
1868,  vol.  i.  p.  60  sqq. 

^  "On  disait  que  sa  mani^re 
d'exposer  etait  mauvaise,  ou  encore 
qu'il  faisait  com  me  le  renard,  qui 
efface  avec  sa  queue  les  traces  de  ses 
pas  sur  le  sable.  Crelle  dit,  selon 
Abel,  que  tout  ce  qu'ecrit  Gauss 
n'est  qu'abomination  (Griiuel),  car 
c'est  si  obscur  qu'il  est  presque 
impossible  d'y  rien  comprendre " 
(Bjerknes,  'Niels  Henrik  Abel,' 
Trad,  fran^aise,  Paris,  1885,  p.  92). 

^  "  C'est  que  Cauchy  alliait  au 


genie  des  Euler,  des  Lagrange,  des 
Laplace,  des  Gauss,  des  Jacobi, 
I'amour  de  I'enseignement  porte 
jusqu'h  I'enthousiasme,  une  rare 
bont^,  une  simplicity,  une  chaleur 
de  ccEur  qu'il  a  conservees  jusqu'a 
la  fin  de  sa  vie  "  (Combes,  quoted 
by  Valson,  vol.  i.  p.  63). 

^  See  Bjerknes,  'N.-H.  Abel,'  p. 
48  sqq.  ;  p.  300.  Cauchy's  *  Cours 
d' Analyse'  appeared  in  1821  ;  the 
'Resume  des  lemons  sur  le  calcul 
infinitesimal,'  to  which  Abel  refers 
in  a  letter  to  Holmboe,  dated  1826, 
appeared  in  1823. 
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troduction  of  algebra  or  general  arithmetic,  in  the  applica- 
tion of  this  to  geometry  and  dynamics,  and  in  the  invention 
of  the  infinitesimal  methods,  through  which  the  rigorous 
theorems  of  the  older  geometricians  which  referred  to  the 
simpler  figures — such  as  straight  lines,  circles,  spheres, 
cones,  &c. — became  applicable  to  the  infinite  variety  of 
curves  and  surfaces  in  which  the  objects  and  phenomena 
of  nature  present  themselves  to  our  observation.  Logic- 
ally speaking,  it  was  a  grand  process  of  generalisation, 
based  mostly  on  inference  and  induction,  sometimes 
merely  on  intuition.^  Such  a  process  of  generalisation 
has  a  twofold  effect  on  the  progress  of  science. 

The  first  and  more  prominent  result  was  the  greatly 
increased  power  of  dealing  with  special  problems  wliich 
the  generaKsed  method  affords,  and  the  largely  increased 
field  of  reseai  ch  which  it  opened  out.  We  may  say  that 
the  century  which  followed  the  inventions  of  Descartes, 
Xewton,  and  Leibniz,  was  mainly  occupied  in  exploring 
the  new  field  which  had  been  disclosed,  in  formulating 
and  solving  the  numberless  problems  which  presented 
themselves  on  all  sides;  also,  where  complete  and 
rigorous  solutions  seemed  unattainable,  in  inventing 
methods  of  approximation  which  were  useful  for  prac- 
tical purposes.  In  this  direction  so  much  had  to  be  done, 
so  much  work  lay  ready  to  hand,  that  the  second  and 
apparently  less  practical  effect  of  the  new  generalisations 
receded  for  a  time  into  the  background.     We  may  term 


*  "  On  se  reportait  inconsciem- 
ment  au  modele  qui  nous  est 
fourni  par  les  fonctions  considerees 
en  mecanique  et  on  rejetait  tout 
ce  qui  s'^cartait  de  ce  modele  ;  on 
n'etait  pas  guide  par  une  definition 


claire  et  rigoureuse,  mais  par  une 
sorte  d'intuition  et  d'obscur  in- 
stinct "  (Poincare,  "  L'oeuvre  math. 
de  Weierstrass,"  *  Acta  Mathenia- 
tica,'  vol.   xxii.  p.   4). 


this  second  and  more  hidden  line  of  research  the  logical 
side  of  the  new  development.  It  corresponds  to  the  work 
which  Euclid  performed  in  ancient  geometry,  the  framing 
of  clear  definitions  and  of  unambiguous  axioms ;  pro- 
ceeding from  these  by  rigorous  reasoning  to  the  theorems 
of  the  new  science.^  But  the  translation  of  geometrical 
and  mechanical  conceptions  into  those  of  generalised 
arithmetic  or  algebra  brought  with  it  a  logical  problem 
of  quite  a  novel  kind  which  has  given  to  modern  mathe- 
matics quite  a  new  aspect.  This  new  problem  is  the  re- 
translation  of  algebraical— i.e.,  of  general — formula?  into 
geometrical  conceptions — the  geometrical  construction  of 
algebraical  expressions.  It  is  the  inverse  operation  of 
the  former.  In  this  inversion  of  any  given  operation  operations. 
lies  the  soul  and  principle  of  all  mathematical  progress, 
both  in  theory  and  in  application.^     The  invention  of 


10. 

Inverse 


^  Referring     specially     to     the 
definition     of     a     "  function "     or 
mathematical    dependence,   a   con- 
ception  introduced   by  Euler,  but 
not    rigorously    defined     by    him, 
M.  Poincare   says,   loc.    cit. :    "  Au 
commencement     du    siecle,     I'idee 
de    fonction    etait    une    notion    Ji 
la    fois    trop    restreinte     et     trop 
vague.    .    .    .    Cette   definition,   il 
fallait  la  donner  :  car  I'analyse  ne 
pouvait   qu'b,   ce    prix   acquerir   la 
parfaite  rigueur. "     In  its  generality 
this    task    was    performed    in    the 
la^st    third     of     the     century     by 
Weierstrass,   but   the   necessity  of 
this  criticism  of   the  formulae   in- 
vented   by    modem    mathematics 
dates    from     the     appearance     of 
Cauchy's  *  Memoire  sur  la  theorie 
rtes   integrales    definies '    of    1814, 
wluch  Legendre  reported  on  in  this 
sense,  but  which  was  not  published 
till  1825. 


-  The  operations  referred  to  are 
generally  of  two  kinds  ;  first,  there 
is     the     operation    of     translating 
geometrical    relations,    intuitively 
given,   into    algebraical    relations  ; 
and,    secondly,    the    operation    of 
extending   algebraical  relations  by 
going  forward  or  backward  in  the 
order    of   numbers,    usually    given 
by    indices.       In    each     case     the 
new   relations   arrived    at    require 
to  be  interpreted,  and  this  inter- 
pretation  leads    nearly    always    to 
an  extension    of   knowledge   or   to 
novel   conceptions.      A  simple  ex- 
ample  of    the   first   kind   presents 
itself  in  the  geometrical  construc- 
tion    of     the     higher     powers     of 
quantity.     Having  agreed  to  define 
by  a  the  length  of  a  line,   by  fl- 
an area,  what  is  the   meaning   of 
d^  a*  .   .   .  a^'i    Can  any  geomet- 
rical meaning  be  attached  to  these 
symbols  ?       An    example     of     the 
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the  seventeenth  century  afforded  two  grand  occasions 
for  such  progress,  and  the  creation  through  it  of  novel 
mathematical  ideas.     The  translation  of  geometrical  con- 


secoud     class     is     the     following  : 
having  defined  the  symbols 

dy    dh/  d^ 

Tx'    dx2  •  •   •  rfx"' 
an  operation  suggests  itself  in  the 
inverse  order,  the  indices  or  their 
reciprocals  (inversions)  being  taken 
negatively.      Can  any  meaning  be 
attached  to  these  latter   symbols? 
Further,  if   the  operation  denoted 
by   going   on   from    one    of    these 
symbols  to  the  next  is  known  and 
feasible,  how  can  the  inverse  oper- 
ation be  carried  out  ?     In  the  first 
class  of  problems  we  proceed  from 
an    intuitively    given    order    to    a 
purely  logical  order,   and   have  in 
the   sequel   to   go    back   from    the 
purely  logical  order  to  an  intuitive 
order    of    ideas.       In    the    second 
case,    having    followed     a    certain 
logical   order,   we   desire   to    know 
what  the  inversion  of  this  order  will 
produce  and  how  it  can  be  carried 
out.     The  view  that  the  direct  and 
indirect  processes  of  thought  form 
the     basis     of     all     mathematical 
reasoning,   and   an    alternation    of 
the  two  the  principle  of  progress, 
has   been   for   the   first   time   con- 
sistently expounded   by   Hermann 
Hankel  in   his  '  Theorie   der   Com- 
plexen  Zahlen  -  Systeme, '   Leipzig, 
1867.      But  it  had   already    been 
insisted  on  by  George  Peacock  in 
his    "Report,"    &c.,   contained    in 
the  3rd   vol.    of    the   '  Reports   of 
the  Brit.  Assoc.,'  1833,   where  he 
says    (p.    223)  :    "  There    are    two 
distinct   processes   in   Algebra,  the 
direct  and  the   inverse,  presenting 
generally  very  different  degrees  of 
difficulty.      In  the   first   case,    we 
proceed    from    defined    operations, 
and    by    various    processes    of    de- 
monstrative   reasoning    we    arrive 
at    results   which   are   general     in 


form  though  particular  in  value, 
and  which  are  subsequently  gen- 
eralised in  value  likewise  ;  in  the 
second,  we  commence  from  the 
general  result,  and  we  are  either 
required  to  discover  from  its  form 
and  composition  some  equivalent 
result,  or,  if  defined  operations 
have  produced  it,  to  discover  the 
primitive  quantity  from  which  those 
operations  have  commenced.  Of 
all  these  processes  we  have  already 
given  examples,  and  nearly  the 
whole  business  of  analysis  will 
consist  in  their  discussion  and 
development,  under  the  infinitely 
varied  forms  in  which  they  will 
present  themselves." 

It  is  extraordinary  how  little  in- 
fluence this  very  interesting,  com- 
prehensive, and  up  -  to  -  date  re- 
port on  Continental  mathematics, 
including  the  works  of  Gauss, 
Cauchy,  and  Abel,  seems  to  have 
had  on  the  development  of  English 
mathematics.  But  the  latter  have 
through  an  independent  movement 
— viz.,  the  invention  of  the 
Calculus  of  Operations —  led  on 
to  the  radical  change  which  has 
taken  place  in  recent  mathematical 
thought.  This  change,  which  can 
be  explained  by  saying  that  the 
science  of  Magnitude  must  be 
preceded  by  the  doctrine  of  Forms 
or  Relations,  and  that  the  science 
of  Magnitude  is  only  a  special 
application  of  the  science  of  Forms, 
was  independently  prepared  by 
Hermann  Grassman,  of  whom 
Hankel  says  {loc.  cit.,  p.  16) :  "  The 
idea  of  a  doctrine  of  Forms  which 
should  precede  a  doctrine  of  Mag- 
nitude, and  of  considering  the 
latter  from  the  point  of  view 
of  the  former,  .  .  .  remained  of 
little    value    for    the  development 


ceptions  into  algebraical  language  suggested  the  inverse 
operation  of  interpreting  algebraical  terms  by  geometrical 
conceptions,  and  led  to  an  enormous  extension  of  geo- 
metrical knowledge.^  Further,  the  infinitesimal  methods 
through  which  curves  and  curved  surfaces  were  conceived 
as  being  made  up  of  an  infinite  number  of  infinitesimally 
small,  straight — i.e.,  measurable — lines,  led  to  the  in- 
verse problem;  given  any  algebraical  operations  which 
obtain  only  in  infinitesimally  small  dimensions — i.e.,  at 
the  limit — how  do  they  sum  up  to  finite  quantities  and 


of    mathematics,    so     long    as    it 
was  only  used  to  prove  theorems 
which  besides  being  already  known, 
were    sufficiently    though    merely 
empirically    proved.       It    was    H. 
Grassmann  who  took  up  this  idea 
for    the    first    time     in     a     truly 
philosophical    spirit    and    treated 
it    from    a    comprehensive    point 
of    view."       Hankel     also     refers 
to    Peacock    as     well     as     to    De 
Morgan,    whose  writings,  however, 
he    was     insufficiently    acquainted 
with    (ibid.,    p.     15).        In    quite 
recent  times  Mr  A.  N.  Whitehead 
has    conceived     "  mathematics     in 
the  widest  signification  to  be  the 
development  of  all  types  of  formal, 
necessary,     deductive     reasoning," 
and   has  given   a  first   instalment 
of  this  development  in  his  '  Treatise 
on     Universal     Algebra  '    (vol.    i., 
Cambridge,  1898).     See  the  preface 
to  this  work  (pp.  6,  7). 

*  A  good  example  of  the  use  of 
the  alternating  employment  of  the 
intuitive  (inductive)  and  the  log- 
ical (deductive)  methods  is  to  be 
found  in  the  modern  doctrine  of 
curves.  The  invention  of  Descartes, 
by  which  a  curve  was  represented 
Dy  an  equation,  led  to  the  intro- 
duction of  the  conception  of  the 
degree"  or  "order"  of  a  curve 
and    its    geometrical    equivalent;   I 

VOL.  II. 


whereas    the    geometrical    concep- 
tion of  the  tangent  to  a  curve  led 
to   the   distinction    of    curves    ac- 
cording   to    their   "class,"    which 
was  not  immediately  evident  from 
the    equation    of    the    curve    but 
which     led     to     other     analytical 
methods    of   representation   where 
the  tangential  properties  of  curves 
became   more    evident.       A    third 
method    of    studying    curves    was 
introduced  by  Plucker  (1832),  who 
started   from    "the  singularities" 
which     curves      present,      defined 
them,    and    established    his    well- 
known  equations.     A  further  study 
of  these  '"  singularities  "  led  to  the 
notion  of   the    "genus"   or   "de- 
ficiency "  (Cayley)  of  a  curve.     The 
gradual  development  of  these  and 
further  ideas  relating  to  curves  is 
concisely    given    in   an   article    by 
Cayley  on  "Curve "  in  the  6th  vol. 
of  the   '  Encyclopsedia  Britannica,' 
reprinted     in     Cayley's     collected 
papers,  vol.  xi.      This  article  fur- 
nishes also  a  good  example  of  the 
historical   treatment    of   a    purely 
mathematical  subject  by  showing, 
not  so  much  the  progress  of  mathe- 
matical knowledge  of  special  things, 
as  the  development  of  the  manner 
in  which  such  things  are  looked  at 
— i.e.,  of  mathematical  thought. 

2  s 
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figures  ?     What  are  the  properties  of  these  finite  figures 
as  inferred  from  the  properties  of   their  infinitesimally 
small  parts  ?     The  infinitesimal  methods  evidently  corre- 
sponded  with   the    atomistic   view   of    natural    objects, 
according    to    which    the    great    variety    of    observable 
phenomena,    the    endlessly    complicated    properties    of 
natural  objects,  could   be   reduced   to   a   small  number 
of  conceivable  properties  and  relations  of  their  smallest 
parts,  and  could  then  be  made  intelligible  and  calculable. 
The    general    reader  who   is   unacquainted  with   the 
numberless  problems  and  intricate  operations  of  higher 
mathematics  can  scarcely  realise  how  in  these  few  words 
lie  really  hidden  the  great  questions  of  all  the  modern 
sciences  of  number  and  measurement ;  the  trained  mathe- 
matical student  will  recognise  in  a  process  of  inversion 
not  only  the  rationale  of  such  extensive  doctrines  as  the 
integral  calculus,  the  calculus  of  variations,  the  doctrine 
of  series,  the  methods  of  approximation  and  interpolation, 
but   also   the  application   of   analysis  to  geometry,  the 
theory  of  curves  of  higher  order,  the  solution  of  equations, 
<&c.     AH  these  various  branches  were  diligently  cultivated 
by  the  great  mathematicians  of  the  eighteenth  century, 
mostly,  however,    with    the    object    of    solving    definite 
problems  which  were  suggested  by  the  applied  sciences,^ 


^  In  general  it  can  be  stated  that 
the  impetus  given  to  mathematical 
research  by  the  problems  set  by 
the  applied  sciences  has  been  im- 
measurably greater  than  that  which 
can  be  traced  to  the  abstract  treat- 
ment of  any  purely  mathematical 
subject.  We  have  a  good  example 
of  this  at  the  beginning  of  the 
nineteenth  century  in  the  great 
work   of  Laplace  as   summed   up, 


for  the  moat  part,  in  the  *  Me- 
canique  Celeste  '  and  the  '  Th^orie 
des  Probabilites,'  which  contain 
the  beginnings  and  the  develop- 
ment of  a  great  number  of  purely 
mathematical  theories  suggested 
by  problems  in  astronomy,  physics, 
and  statistics.  On  the  other  side 
we  have  at  the  same  time  the  so- 
called  '*  Combinational  School "  in 
Germany,     whose     members     and 


notably  astronomy — not  infrequently  also  as  objects  of 
mere  curiosity  without  any  practical  purpose  whatever. 
In  the  latter  part  of  the  eighteenth  century  the  need 
was  felt  of  putting  the  new  science  into  a  compre- 
hensive system.  The  attempts  to  do  this — notably  the 
great  text-books  of  Leonhard  Euler  in  Germany  and  of 
Lacroix  in  France — revealed  how  uncertain  were  the 
foundations  and  how  paradoxical  some  of  the  apparent 
conclusions  of  the  reasoning  which,  in  the  hands  of  the 
great  inventors  and  masters,  had  led  to  such  remarkable 
results. 

As  in  other  cases  which  we  dealt  with  in  former 
chapters  of  this  work,  so  also  in  the  present  instance  we 
may  find  a  guide  through^the  labyrinth  of  modern  mathe- 
matical thought  in  the  terms  of  language  aiound  which 
cluster  the  more  recent  doctrines.  Two  terms  present  ii. 
themselves  which  were  rare  or  altogether  absent  in  older  tennsin- 

dicative  of 

treatises  :  these  terms  are  the  "complex  quantity  "  and  ^^^^^ 
the  "  continuous."  To  these  we  can  add  a  third  term 
which  we  meet  with  on  every  page  of  the  writings  of 
mathematicians  since  Newton  and  Leibniz,  but  which  has 
only  very  recently  been  subjected  to  careful  analysis  and 
rigorous  definition, — the  term  "  infinite."  Accordingly  we 
may  say  that  the  range  of  mathematical  thought  during 


their  labours  are  almost  forgotten, 
although  in  their  elaborate  treat- 
ises there  are  to  be  found  many 
formulae  which  had  to  be  redis- 
covered when,  fifty  years  later, 
the  general  theory  of  forms  and 
substitutions  began  to  be  sys- 
tematically developed,  and  proved 
to  be  an  indispensable  instrument 
in  dealing  with  many  advanced 
mathematical    problems.      See   on 


the  latter  subject  an  article  by 
Major  MacMahon  on  "Combin- 
ational Analysis"  ('Proc,  London 
Math.  Soc.,'  vol.  xxviii.  p.  5,  &c.), 
as  also  the  chapters  on  this  subject 
and  on  "Determinants"  in  the 
first  vol.  of  the  '  Encyclopadie  der 
Mathematischen  Wissenschaften ' 
(Leipzig,  1898).  Also,  inter  alia,  a 
note  by  J.  Muir  in  'Nature,'  vol. 
Ixvii.,  1903,  p.  512. 
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12 

Complex 


13. 
The  con 
tinuoos. 


the  last  hundred  years  has  grown  in  proportion  to  the 
methodical  study  and  stricter  definition  of  the  notions  of 
the  complex  quantity,  of  the  continuous,  and  of  the  infinite. 
And  these  conceptions  indicate  three  important  logical 
developments  which  characterise  modern  mathematical 
reasoning.  The  conception  of  the  complex  quantity  or 
J^Stitres.  the  complex  unit  introduces  us  to  the  possible  extension 
of  our  system  of  counting  and  measuring,  retaining  or 
modifying,  the  fundamental  rules  on  which  it  is  based. 
The  conception  of  the  continuous  and  its  opposite,  the 
discontinuous,  introduces  us  to  the  difference  of  numbers 
and  quantity,  numbers  forming  a  discontinuous  series, 
whilst  we  conceive  all  natural  changes  to  be  made  up  of 
gradual — i.e.,  of  imperceptibly  small — changes,  called  by 
Newton  fluxions.  The  discussion,  therefore,  of  the  con- 
tinuous leads  us  ultimately  to  the  question  how  our 
system  of  counting  can  be  made  useful  for  dealing  with 
continuously  variable  quantities — the  processes  of  nature. 
The  conception  of  the  infinite  underlies  not  only  the 
infinitesimal  methods  properly  so  called,  but  also  all  the 
methods  of  approximation  by  which — in  the  absence  of 
rigorous  methods — mathematical,  notably  astronomical, 
calculations  are  carried  out. 

Problems  involving  one  or  more  of  these  concep- 
tions presented  themselves  in  large  number  to  the 
analysts  of  the  eighteenth  century :  there  were  notably 
two  great  doctrines  in  which  they  continually  occur — 
the  general   solution  of   equations,^  and  the  theory  of 

*  As  it  may  not  be  immediately  '  publication  by  Gauss,  in  1799,  con- 
evident  how  the  ideas  of  continuity  !  taining  a  proof  of  the  fundamental 
have  to  do  with  the  general  solution  |  theorem  of  algebra,  and  its  republi- 
of   equations,  I  refer  to   the   first  i  cation  fifty  years  later  (see  Gauss, 


14. 

The  infinite 


infinite  series.  The  solution  of  an  equation  being  called 
finding  its  roots,  it  was  for  a  long  time  assumed  that 
every  equation  has  as  may  roots  as  are  indicated  by 
its  degree.  A  proof  of  this  fundamental  theorem  of 
algebra  was  repeatedly  attempted,  but  was  only  com- 
pleted by  Gauss  in  three  remarkable  memoirs,  which 
prove  to  us  how  much  importance  he  attached  to  rigorous 
proofs  and  to  solid  groundwork  of  science.  The  second 
great  doctrine  in  which  the  conceptions  of  the  continuous 
and  the  infinite  presented  themselves  was  the  expansion 
of  mathematical  expressions  into  series.     In  arithmetic,       i5. 

-  Doctrine 

decimal  fractions    taken  to  anv  number  of  terms  were  o^  series. 

"  Gauss. 

quite  familiar;  the  infinite  series  presented  itself  as  a 
generalisation  of  this  device.     A  very  general  formula 


*  Werke,'  vol.  iii.  pp.  1  and  71).  A 
very  good  summary  of  this  proof 
is  given  by  Hankel  ('  Complexe 
Zahlen-Systeme,'  p.  87).  A  purely 
algebraical  demonstration  of  the 
same  theorem,  not  involving  con- 
siderations of  continuity  and  ap- 
proximations, was  also  given  by 
Gauss  in  the  year  1816,  and  re- 
produced by  others,  including 
George  Peacock,  in  his  'Report,' 
quoted  above,  p.  297.  Hankel 
{loc.  cit.,  p.  97)  shows  to  what 
extent  Gauss's  proof  supplemented 
the  similar  proofs  given  by  others 
before  and  after. 

^  Decimal  fractions  seem  to  have 
been  introduced  in  the  sixteenth 
century.  Series  of  other  numbers, 
formed  not  according  to  the  decimal 
but  to  the  dyadic,  duodecimal,  or 
other  systems,  were  known  to  the 
ancients,  and  continued  in  use  to 
the  middle  ages.  The  dyadic  sys- 
tem was  much  favoured  by  Leibniz. 
It  was  also  known  that  every 
rational  fraction  could  be  de- 
veloped into   a  periodical  decimal 


fraction.      Prominent   in    the    re- 
commendation of  the  use  of  deci- 
mal  fractions   was   the   celebrated 
Simon    Stevin,    who,    in    a    tract 
entitled   'La   Disme'  attached   to 
his    '  Arithmetique '  (1590,    trans- 
lated into  English,  1608),  described 
the  decimal  system  as  "  enseiguant 
facilement  expedier   par    nombres 
entiers  sans  rompus  tous  comptes 
se    rencontrans    aux    affaires    des 
hommes."     Prof.  Cantor   ('Gesch. 
der  Math.,'  vol.  ii.    p.    616)   says, 
' '  We   know  to-day  that  this  pre- 
diction  could    really   be    ventured 
on — that  indeed  decimal  fractions 
perform   what   Stevin    promised." 
At  the  end  of  his  tract  he  doubts 
the  speedy  adoption  of  this  device, 
connecting  with  it  the  suggestion 
of   the  universal   adoption   of   the 
decimal  system.     The  best  account 
of  the  gradual  introduction  of  deci- 
mal fractions  is  still  to  be  found  in 
George  Peacock's  *  History  of  Arith- 
metic '  (' Ency.  Metrop.,' vol.  i.  p. 
439,  &c.) 
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of  this  kind  was  given  by  Brook  Taylor,  and  somewhat 
modified  by  Maclaurin.  It  embraced  all  then  known  and 
many  new  series,  and  was  employed  without  hesitation 
by  Euler  and  other  great  analysts.  In  the  beginning  of 
the  century,  Poisson,  Gauss,  and  Abel  drew  attention  to 
the  necessity  of  investigating  systematically  what  is 
termed  the  convergency  ^  of  a  series.  As  a  specimen 
of  this  kind  of  research,  Gauss  published,  in  1812,  an 
investigation  of  a  series  of  very  great  generality  and 
importance.^  We  can  say  that  through  these  two  isolated 
memoirs  of  Gauss,  the  first  of  the  three  on  equations, 
published  in  1799,  and  the  memoir  on  the  series  of 
1812,  a  new  and  more  rigorous  treatment  of  the  in- 
finite and  the  continuous  as  mathematical  conceptions 
was  introduced  into  analysis,  and  that  in  both  he  showed 
the  necessity  of  extending  the  system  of  numbering  and 
measuring  by  the  conception  of  the  complex  quantity. 
But  it  cannot  be  maintained  that  Gauss  succeeded  in 
impressing  the  new  line  of  thought  upon  the  science  of 


^  A  very  good  account  of  the 
gradual  evolution  of  the  idea  of 
the  convergency  of  a  series  will  be 
found  in  Dr  R.  Reiff's  '  Geschichte 
der  unendlichen  Reihen '  (Tubin- 
gen, 1899,  p.  118,  &c.)  Also  in 
the  preface  to  Joseph  Bertrand's 
'Traite  de  Calcul  Differentiel' 
(Paris,  1864,  p.  xxix,  &c.)  Accord- 
ing to  the  latter  Leibniz  seems  to 
have  been  the  first  to  demand 
definite  rules  for  the  convergency 
of  Infinite  Series,  for  he  wrote  to 
Hermann  in  1705  as  follows : 
**  Je  ne  demande  pas  que  Ton 
trouve  la  valeur  d'une  serie  quel- 
conque  soas  forme  finie ;  un  tel 
probl^me  surpasserait  les  forces 
des  g^om^tres.  Je  voudrais  seule- 
ment  que  Ton  trouvat  moyen  de 


decider  si  la  valeur  exprimde  par 
une  serie  est  possible,  c'est-a-dire 
convergente,  et  cela  sans  connaitre 

:  I'origine  de  la  s^rie.  II  est  neces- 
saire,  pour  qu'une  serie  indefinie 
represente  une  quantity  finie,  que 
I'on  puisse  demontrer  sa  converg- 
ence, et  que  Ton  s'assure  qu'en  la 
prolongeant  sufi&samment  I'erreur 
devient  aussi  petite  que  Ton  veut." 
In  spite  of  this,  Leibniz,  through 
his  treatment  of  the  series  of 
Grandi,  1  -  1  -f  1  -  1,  &c.,  the  sum 
of  which  he  declared  to  be  ^,  seems 
to  have  exerted  a  baneful  influence 

I   on  his  successors,  including  Euler 

'   (see  ReiflF,  loc.  ciL,  pp.  118,  158). 

!       2  The  memoir  on  the  Hypergeo- 

'   metrical  series. 


16. 
Cauchy's 


mathematics  in  general.  This  was  done  about  fifteen  or 
twenty  years  after  Gauss  had  begun  to  publish  his 
isolated  memoirs,  in  a  comprehensive  treatment  of  the 
subject  by  Cauchy,  who,  before  1820,  delivered  lectures 
on  Analysis  at  the  Nicole  Polytechnique  and  in  other 
colleges,  and  commenced  their  publication  in  1821.  In  Analysis 
this  course  of  lectures  the  discussion  of  the  notions  of  the 
infinite,  of  the  continuous,  of  the  convergence  of  series, 
and  of  the  extension  of  our  conception  of  quantity 
beyond  the  ordinary  or  real  quantities  of  algebra,  is 
put  in  the  foreground,  and  the  illicit  habit  of  using  the 
generalisations  of  algebra  without  defining  the  conditions 
of  their  validity  severely  criticised.^  It  is  also  evident, 
from  the  extensive  notes  which  Cauchy  added  to  the 
"cours  "  of  1821,  that  he  felt  the  necessity  of  a  revision 
of  the  fundamental  notions  of  algebra.  The  publication 
of  1821  was  followed  by  others  on  the  Calculus,  and  it 
is  through  these  treatises  mainly  that  a  new  spirit  was 
infused   into    general    mathematical    literature,   first  in 


^  The  earliest  labours  of  Cauchy 
were  geometrical,  and  he  evidently 
acquired  through  them  an  insight 
into  the  contrast  between  the 
rigour  of  the  older  geometrical 
and  the  looseness  of  the  modern 
algebraical  methods.  In  this  re-  i 
gard  he  says  :  "  J'ai  cherche  k  leur  ! 
donner  toute  la  rigueur  qu'on  I 
exige  en  geometric,  de  maniere  a 
ne  jamais  recourir  aux  raisons 
tirees  de  la  generalite  de  I'algebre. 
Les  raisons  de  cette  espece,  quoique 
assez  communement  admises,  sur- 
tout  dans  le  passage  des  series  con- 
vergentes  aux  series  divergentes, 
et  des  quantites  reelles  aux  ex- 
pressions imaginaires  ne  peuvent 
etre  consideres,  ce  me  semble,  que 


comme  des  inductions  propres  a 
faire  pressentir  quelque  fois  la 
vdrit^,  mais  qui  s'accordent  peu 
avec  I'exactitude  si  vantee  des 
sciences  mathematiques.  On  doit 
meme  observer  qu'elles  tendent  k 
faire  attribuer  aux  formules  al- 
gebriques  une  etendue  indefinie, 
tandis  que,  dans  la  realite,  la  plu- 
part  de  ces  formules  subsistent 
uniquement  sous  certaines  condi- 
tions, et  pour  certaines  valeurs  des 
quantites  qu'elles  renferment.  En 
determinant  ces  conditions  et  ces 
valeurs,  et  en  fixant  d'une  maniere 
precise  le  sens  des  notations  dont 
je  me  sers,  je  fais  disparaitre  toute 
incertitude"  (' Cours  d' Analyse,' 
1821,  Introd.,  p.  ii). 


f 
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France,  somewhat  later  also  in  England  and  Germany. 
In  the  latter  country,  the  highly  original  writings  of 
Abel,  and  the  independent  labours  of  Jacobi,  opened  out 
an  entirely  new  branch  of  higher  mathematics,  beginning 
with  the  discovery  of  the  property  of  double  periodicity  of 
certain  functions.^  This  extensive  and  fruitful  province  of 
analysis  for  a  time  retarded  the  revision  and  extension  of 
the  groundwork  of  mathematical  reasoning  which  Cauchy 
had  begun,  and  upon  which  Gauss  evidently  desired  to 
make  the  extension  of  higher  mathematics  proceed.2 


That  such  a  revision  had  become  necessary  was  seen,       i7. 

Revision 

slowly  if  in  many  quarters,  but  it  did  not  become  gener-  of  funda- 
ally  recognised  till  late  in  the  century,  when  thinkers  of 


^  Before  the  discovery  of  the 
functions  with  a  double  period, 
functions  with  one  period  were 
known :  the  circular  and  expon- 
ential functions — the  former  pos- 
sessing a  real,  the  latter  an  imagin- 
ary, period.  The  elliptic  functions 
turned  out  to  "share  simultaneously 
the  properties  of  the  circular  func- 
tions and  exponential  functions,  and 
whilst  the  former  were  periodical 
only  for  real,  the  latter  only  for 
imaginary,  values  of  the  argument, 
the  elliptic  functions  possessed  both 
kinds  of  periodicity."  This  great 
step  became  clear  when  it  occurred 
to  Abel  and  Jacobi  independently 
to  form  functions  by  inversion  of 
Legendre's  elliptic  integral  of  the 
first  kind.  The  two  fundamental 
principles  involved  in  this  new 
departure  were  thus  the  process  of 
inversion  and  the  use  of  the  imagin- 
ary, as  a  necessary  complement  to 
the  real,  scale  of  numbers.  The 
share  which  belongs  independently 
to  Abel  and  Jacobi  has  been  clearly 
determined  since  the  publication  of 
the  correspondence  of  Jacobi  with 
Legendre  during  the  years  1827-32 
(reprinted  in  Jacobi's  '  Gesammelte 
Werke,'  ed.  Borchardt,  vol.  i., 
Berlin,  1881),  and  of  the  complete 
documents  referring  to  Abel,  which 
are  now  accessible  in  the  memorial 


volume  published  in  1902.  A  very 
lucid  account  is  contained  in  a 
pamphlet  by  Prof.  Konigsberger, 
entitled  '  Zur  Geschichte  der  Theorie 
der  EUiptischen  Transcendenten 
in  den  Jahren  1826-29'  (Leipzig, 
1879). 

-  Of  the  four  great  mathema- 
ticians who  for  sixty  years  did  the 
principal  work  in  connection  with 
elliptic  functions  —  viz.,  Legendre 
(1752-1833),  Gauss  (1777-1855), 
Abel  (1802-29),  and  Jacobi  (1804- 
51),  each  occupied  an  independent 
position  with  regard  to  the  subject, 
— suggested  originally  by  Euler,  and 
important  for  the  practical  applica- 
tions whicli  it  promised.  Legendre 
during  forty  years,  from  1786  on- 
ward, worked  almost  alone :  he 
brought  the  theory  of  elliptic  in- 
tegrals, which  had  occurred  origin- 
ally in  connection  with  the  compu- 
tation of  an  arc  of  the  ellipse,  into 
a  system,  and  to  a  point  beyond 
which  the  then  existing  methods 
seemed  to  promise  no  further  ad- 
vance. This  advance  was,  however, 
secured  by  the  labours  of  Jacobi 
through  the  introduction  of  the 
novel  principles  referred  to  in  the 
last  note.  Two  years  before  Jacobi's 
publication  commenced,  Abel  had 
already  approached  the  subject  from 
an  entirely  different  and  much  more 


general  point  of  view.     "Abel,"  as 
Monsieur  L.  Sylow  says  ('Memorial 
des  etudes  d'Abel,'  p.  14),  "^tait 
avant  tout  algebriste.     II  a  dit  lui- 
meme  que  la  theorie  des  equations 
etaitson  sujet  favori,ce  qui  d'ailleurs 
apparait  clairement  dans  ses  ceuvres. 
Dans  ses  travaux  sur  les  fonctions 
elliptiques,    le   traitemeut   des   di- 
verses  equations   alg^briques   dont 
cette  theorie  abonde  est  mis  forte - 
ment  en  Evidence,  et  dans  le  premier 
de  ces  travaux,  la  resolution  de  ces 
Equations  est  meme  indiquee  comme 
etant  le  sujet  principal.     Qui  plus 
est,  la  theorie  des  equations   etait 
entre  se  mains  I'instrument  le  plus 
^fficace.     Ce  fut  ainsi  sans  aucun 
doute  la  resolution  de  I'dquation  de 
division  des  fonctions  elliptiques  qui 
tout  d'abord  le  conduisit  h  la  theorie 
de  la   transformation.       Elle  joue 
encore  un  role  capitale  dans  sa  de- 
monstration du  theoreme  dit  theo- 
r^me  d'Abel,  et  dans  les  recherches 
generales  sur  les  integrales  des  differ- 
entielles  algdbriques  qui  se  trouvent 
dans  son  dernier  memoire  le  '  Precis 
d'uue  Theorie   des  fonctions  ellip- 
tiques. '  "    But  whilst  Abel  certainly 
took    a    much  more  general   view 
than  either  Legendre  or  Jacobi,  both 
of  whom  came  to  a  kind  of  dead- 
lock on  the  roads  they  had  chosen 
(Jacobi,  when  he  attempted  to  ex- 
tend the  theory  of  the  periodicity 
of  functions),  it  is  now  quite  clear 
that  Gauss  viewed  the  whole  sub- 
ject almost  thirty  years  before  Abel 
and  Jacobi  entered  the  field  from  a 
still  more   general   point  of  view. 
Already,  in  1798,  when  he  was  only 
twenty-one,  he  must  have  recognised 
the  necessity  of  enlarging  and  defin- 
ing the  fundamental  conceptions  of 
algebraand  of  functionality  or  math- 
ematical dependence  ;  and  it  is  very 
likely  that   the   magnitude  of   the 


undertaking,  for  which  his  astron- 
omical  labours   left  him  no  time, 
debarred  him  from  publishing  the 
important    results   which    he    had 
already  attained,  and  which  covered 
to  a  great  extent  the  field  cultivated 
in     the    meantime    by    Abel    and 
Jacobi,  leaving  only  the  celebrated 
theorem  of  the  former  (referring  to 
the  algebraical  comparison  of   the 
higher    non  -  algebraical   functions) 
and     the     discovery     of     a      new 
function    on    the    part    of     Jacobi 
(his   Theta    function)    as   the   two 
great  additions   which   we  owe   to 
them  in  this  line  of  research  (see 
Konigsberger,    loc.    cit.,    p.     104). 
In   this   recognition   of  the  funda- 
mental change  which  mathematical 
science  demanded,  and  its  bearing 
upon   these  special  problems   here 
referred  to,  Gauss  must  have  for  a 
long  time  stood  alone  ;  for  his  great 
rival    Cauchy,    to    whom    we    are 
mainly  indebted  for  taking  the  first 
steps  in  this  direction,  did  not  for 
many  years  apply  his  fundamental 
and   novel   ideas   to  the  theory  of 
elliptic  functions,  which  up  to  the 
year  1844,  when  Hermite   entered 
the   field,  were   almost  exclusively 
cultivated  by  German  and  Scandi- 
navian   writers    (see    R.    L.   Ellis, 
"  Report  on  the  recent  Progress  of 
Analysis,"  Brit.  Assoc,   1846  ;  re- 
printed in  'Mathematical  and  other 
Writings,'  p.  311).     Nor   could  it 
otherwise  be  explained  how  Cauchy 
could  keep  the  manuscript  of  Abel's 
great  memoir  without  ever  occupy- 
ing himself  with  it,  and  thus  delay 
its  publication  for  fifteen  years  after 
it  had  been  presented  to  the  Acad- 
emy.     (See  the  above  -  mentioned 
correspondence   between   Legendre 
and   Jacobi,   1829;   also  Sylow,  p. 
31.) 
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the  highest  rank,  who  for  some  time  had  lived  apart 
in  the  secluded  regions  of  sublime  analysis,  descended 
again  into  the  region  of  elementary  science,  both  pure 
and  applied,  where  they  speedily  remodelled  the  entire 
mode  of  teaching.  England  possessed  very  early  a  writer 
of  great  eminence  who  represented  this  tendency,  and 
whose  merits  were  only  partially  recognised  in  his  day — 
Augustus  de  Morgan. 
J,    18-.  It  will  now  be  necessary  to  explain  more  definitely 

ofnumS  what  is  meant  by  the  extension  of  our  conception  of 
number  and  quantity  through  the  introduction  of  com- 
plex numbers  or  complex  quantities.  This  extension 
first  forced  itself  on  analysts  in  the  theory  of  equations, 
then  in  the  algebraical  treatment  of  trigonometrical 
quantities  —  i.e.,  in  the  measurement  of  angles,  or,  as 
it  is  now  called,  of  direction  in  geometry.  The  first 
extension  of  the  conception  of  number  lay  in  the  intro- 
duction of  negative  numbers.  These  admitted  of  com- 
paratively easy  representation  arithmetically  by  counting 
backward  as  well  as  forward  from  a  given  datum; 
practically  in  the  conception  of  negative  possessions, 
such  as  debts,  geometrically  by  the  two  opposite  direc- 
tions of  any  line  in  space.  In  algebra,  where  the  simple 
operations  on  quantities  are  usually  preserved  in  the 
result  and  not  lost  in  the  simple  numerical  value  of 
the  result  as  in  arithmetic,  compound  quantities  were 
looked  upon  as  generated  by  the  processes  of  addition, 
resulting  in  the  binomial  (of  which  the  polynomial  was 
an  easy  extension),  and  further  by  the  multiplication 
with  each  other  of  different  binomials  or  polynomials, 
through   which   process  expressions  of   higher  order  or 


degree  were  arrived  at.  The  forward  or  direct  process 
was  easy  enough,  though  even  here  assumptions  or  arbit- 
rary rules  were  included  which  escaped  notice  for  a  long 
time ;  but  the  real  labour  of  the  analysts  only  began 
with  the  inverse  problem — viz.,  given  any  compound 
quantity,  similar  in  structure  to  those  directly  produced 
by  multiplication  of  binomials,  to  find  the  factors  or 
binomials  out  of  which  it  can  be  compounded.  Now 
it  was  found  that  as  in  the  arithmetical  process  of 
division,  the  invention  of  fractional  quantities ;  as  in 
that  of  extraction  of  roots,  the  irrational  quantities 
had  to  be  introduced :  so  in  the  analysis  of  compound 
algebraical  expressions  into  binomial  factors,  a  new 
quantity  or  algebraical  conception  presented  itself.  It 
was  easily  seen  that  this  analysis  could  be  carried  out 
in  every  case  only  by  the  introduction  of  a  new  unit, 
algebraically  expressed  by  the  square  root  of  the  nega- 
tive unity.  There  was  no  difficulty  in  algebraically 
indicating  the  new  quantity  as  we  indicate  fractions 
and  irrational  quantities ;  the  difficulty  lay  in  its  inter- 
pretation as  a  number.  Since  the  time  of  Descartes 
geometrical  representations  of  algebraical  formulae  had 
become  the  custom,  and  it  was  therefore  natural  when 
once  the  new,  or  so-called  imaginary,  unit  was  formally 
admitted,  that  a  geometrical  meaning  should  be  attached 
to  it. 

Out  of  the  scattered  beginnings  of  these  researches        19. 

The  geo- 

two  definite  problems  gradually  crystallised :    the   one,  metrical  and 
a  purely  formal    or    mechanical  one  —  viz.,    the    g^o-  problems. 
metrical  representation   of   the  extended  conception  of 
quantity,  of  the  complex  quantity ;  the  other,  a  logical 
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or  philosophical  one — viz.,  the  clearer  definition  of  the 
assumptions  or  principles  which  underlie  arithmetical 
and  algebraical  reasoning.  And  if  algebraical,  then  also 
geometrical  reasoning.  Both  problems  seem  to  have 
presented  themselves  to  the  youthful  mind  of  Gauss, 
as  is  evident  from  his  correspondence  with  Bessel  ^  and 
Schumacher,  and  from  his  direct  influence  on  Bolvai  ""^ 
Mobius,  and  Von  Staudt,  perhaps  also  indirectly  on 
Lobatchevsky.^     It  does  not,  however,  appear  as  if  he 


^  See  especially  the  letters  of 
Gauss  to  Bessel,  dated  November 
and  December  1811  and  May  1812 
(' Brief wechsel, '  Leipzig,  1880,  p. 
iol  sqq,) 

-  Bolyai,  the  elder  (1775-1856), 
was  a  student  friend  of  Gauss  in 
the  years  1797  to  1799,  and  kept 
up  a  correspondence  with  him  dur- 
ing half  a  century.  This  correspon- 
dence has  now  been  published  by 
F.  Schmidt  and  P.  Strickel,  Leipzig, 
1899,  with  a  supplement  containing 
some  information  about  this  extra- 
ordinary man.  His  son,  Johann 
Bolyai  (1802-60),  is  the  author  of 
the  celebrated  "  Appendix,  scien- 
tiam  spatii  absolute  veram  ex- 
hibens,"  which  was  attached  to 
his  father's  '  Tentamen,  juven- 
tutem  ...  in  elementa  matheseos 
purse  .  .  .  introducendi,'  1832. 
The  tract  seems  to  have  been 
written  in  1823.  A  translation, 
with  introduction,  has  been  pub- 
lished by  Dr  G.  Bruce  Halsted 
('  Neomonic  Series,'  vol.  iii,  4th  ed., 
Austin,  Texas,  1896).  When  the 
elder  Bolyai  sent  to  Gauss  in  the 
year  1831  to  1832  a  copy  of  his 
son's  tract  and  of  his  own  work  on 
Geometry,  Gauss  expressed  great 
surprise  at  the  contents  of  the 
former.  (See  his  letter  of  March 
6,  1832.)  His  remarks  that  the 
younger  Bolyai  had  anticipated 
some    of    his    own    ideas    on    the 


subject,  remind  one  of  a  similar 
remark  which  he  made.  May  30, 
1828,  to  Schumacher  with  refer- 
ence to  Abel's  "  Memoir  on  Elliptic 
Functions"  in  vol.  ii.  of  Crelle's 
'  Journal '  (see  Gauss,  '  Werke,'  vol. 
iii,  p.  495).  In  both  cases  he  felt 
himself  relieved  from  the  necessity 
of  publishing  his  own  results, 
though,  so  far  as  those  referring 
to  the  foundations  of  geometry  are 
concerned,  it  does  not  appear  that 
his  ideas  had  arrived  at  that  state 
of  maturity  which  the  publication 
of  his  posthumous  papers  has 
proved  to  have  been  attained  in 
his  treatment  of  the  higher  func- 
tions. Indeed  little  or  nothing  of 
prime  importance  has  been  found 
among  his  papers  referring  to  the 
principles  of  geometry  ;  and  he 
stated  to  Bolyai  that  though  he 
had  intended  to  commit  his  views 
to  paper,  so  that  they  should  not 
be  lost,  he  had  not  intended  to 
publish  anything  during  his  life- 
time. 

■^  It  is  doubtful  whether  Gauss's 
speculations  had  any  influence  on 
the  younger  Bolyai's  theory,  and 
still  more  so  as  regards  Lobat- 
chevsky,  whose  first  tract  ap- 
peared in  the  '  Kazan  Messenger,' 
1829  to  1830,  but  dates  back 
probably  to  1826.  Inasmuch, 
however,  as  the  younger  Bolyai 
must     have     become     acquainted 
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had  arrived  at  any  finality  in  his  speculations,  and, 
beyond  occasional  hints  which  have  only  subsequently 
become  intelligible,  the  love  of  finish  exhibited  in  all 
his  published  writings  prevented  him  from  giving  to  the 
world  the  suggestive  ideas  which  evidently  formed  the 
groundwork  of  his  mathematical  labours.  There  is  no 
doubt  that — like  Goethe  in  a  very  different  sphere — 
Gauss  anticipated  individually  the  developments  in  the 
sphere  of  mathematical  thought  down  to  the  end  of  the 
century.  The  interpretation  of  the  complex  quantity 
had  been  given  by  Wessel,  Buee,  and  Argand  ^  in  the 
early  years  of  the  century ;  but  it  remained  unnoticed 
till  it  received  the  sanction  of  Gauss  in  a  celebrated 
memoir  referring  to  the  theory  of  numbers,  and  until  in 


through  his  father  with  the  specu- 
lations of  the  youthful  Gauss,  and 
as  Lobatchevsky  was  a  pupil  of 
another  student  friend  of  Gauss 
in  the  person  of  Prof.  Bartels,  it  is 
not  unlikely  that  the  interest  which 
these  thinkers  took  in  the  subject 
can  be  originally  traced  to  the 
same  source.  (See  Dr  Halsted's  ad- 
dress on  Lobatchevsky,  'Neomonic 
Series,'  vol.  i.,  1894.)  A  complete 
bibliography  of  the  earlier  papers, 
referring  to  the  so-called  "non- 
Euclidean  "literature  down  to  1878, 
is  given  by  Dr  Halsted  in  the 
first  two  vols,  of  the  '  American 
Journal  of  Mathematics '  :  the  most 
recent  publications  are  those  of 
the  Hon.  B.  A.  W.  Russell  in 
his  work,  '  The  Foundations  of 
Geometry'  (1897)  and  his  ex- 
cellent article  on  "  Non-Euclidean 
Geometry  "  in  the  28th  vol.  of  the 
'Ency.  Brit.'  See  also  Klein's 
lithographed  lectures  on  '  Nicht- 
Euklidische  Geometrie,'  Gottingen, 
1893. 

^  The   first   somewhat   exhaust- 
ive historical  statement  as  to  the 


geometrical  representation  of  the 
complex  or  imaginary  quantity 
was  given  by  Hankel  in  the  above- 
mentioned  work  (see  above,  note, 
p.  645),  p.  82.  He  there  says,  after 
discussing  the  claims  of  others, — 
notably  of  Gauss,  —  that  Argand 
in  his  '  Kssai '  of  the  year  1806 
(re-edited  by  Hoiiel,  1874)  "had  so 
fully  treated  of  the  whole  theory 
that  later  nothing  essentially  new 
was  added,  and  that,  except  a 
publication  of  still  earlier  date 
were  found,  Argand  must  be  con- 
sidered the  true  founder  of  the 
representation  of  complex  quan- 
tities in  the  plane."  Such  an 
earlier  publication  has  indeed  been 
met  with  in  a  tract  by  Caspar 
Wessel,  which  was  presented  to 
the  Danish  Academy  in  1797,  and 
published  in  1799.  Having  been 
overlooked,  like  Argand's  '  Essai,' 
it  has  now  been  republished  at 
Copenhagen,  1897,  with  the  title 
'  Essai  sur  la  representation  de  la 
direction '  (see  '  Encyk.  Math. 
Wissenschaften,'  vol.  i.  p.  155). 
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20. 

nions. 


this  country  the  labours  of  De  Morgan  and  of  Sir  William 
Kowan  Hamilton  gave  the  matter  a  further  and  very 
important  extension.^  It  was  also  in  this  country  that 
the  second  problem,  the  critical  examination  of  the 
principles  which  underlie  the  process  of  legitimate 
generalisation  of  algebra,  received  distinct  attention.  To 
George  Peacock,  and  to  the  school  of  algebraists  which 
followed  him,  is  due  the  merit  of  having  brought  out 
clearly  the  three  fundamental  laws  of  symbolical  reasoning 
now  generally  admitted  in  text -books  on  the  subject — 
the  associative,  distributive,  and  commutative  principles. 
That  these  principles  were  to  a  great  extent  conventional, 
or  empirically  adopted  from  ordinary  arithmetic,  and  in 
consequence  not  necessarily  indispensable  for  a  consistent 
system  of  symbolical  reasoning,  has  been  generally  ad- 
mitted ever  since  Sir  WilHam  Kowan  Hamilton,  after 
ten  years  of  labour,  succeeded  in  establishing  a  new 
calculus — the  method  of  quaternions,  in  which  the  com- 
mutative principle  of    multiplication  is  dropped.     This 


1  Far  more  important  than  the 
suggestions  or  artifices  mentioned 
in  the  foregoing  note,  and  which 
since  the  time  of  Argand  and 
Gauss  have  been  variously  modified, 
is  the  conception  that  our  com- 
mon numbers  do  not  form  a 
complete  system  v^rithout  the  ad- 
dition of  the  imaginary  unit,  but 
that  with  the  introduction  of  a 
second  unit  "numbers  form  a 
universe  complete  in  itself,  such 
that,  starting  in  it,  we  are  never 
led  out  of  it.  There  may  very  well 
be,  and  perhaps  are,  numbers  in  a 
more  general  sense  of  the  term  ; 
but  in  order  to  have  to  do  with 
such  numbers  (if  any)  we  must 
start  with  them"  (Cayley  in  art. 
"Equation,"  '  Ency.  Brit.';  'Coll. 


Works,'  vol.  xi.  p.  503).  There 
seems  little  doubt  that  this  con- 
ception was  first  clearly  established 
in  the  mind  of  Gauss,  and  that 
none  of  the  contemporary  writers 
can  be  shown  to  have  had  a 
similarly  clear  insight.  Since  this 
has  become  generally  recognised — 
and  we  owe  this  recognition  prob- 
ably to  the  independent  labours 
of  Grassmann  and  Riemaun  — 
the  discussion  of  the  whole  sub- 
ject has  been  raised  to  a  much 
higher  level,  as  may  be  seen  by 
comparing  the  Report  of  Peacock, 
quoted  above,  with  the  discussion 
of  Hankel  {loc.  cit.),  and  still  more 
with  the  exhaustive  article  by  Prof. 
E.  Study  in  vol.  i.,  '  Encyk.  Math. 
Wiss.,'  pp.   147-184. 


4 


calculus  was  shown  to  be  of  special  use  in  expressing 
the  relations  of  spherical  trigonometry.  Two  terms  ex- 
pressing definite  notions  special  to  geometry,  by  which 
science  has  been  enriched  and  practical  application  greatly 
simplified,  are  an  outcome  of  this  line  of  research.  These 
are  the  terms  "  vector,"  to  express  the  notion  of  directed 
magnitude — i.e.,  of  direction  and  magnitude  combined  as 
distinguished  from  magnitude  and  position  alone ;  and 
the  notion  of  an  "  operator  "  which  changes  direction  and 
magnitude  as  an  ordinary  multiplier  changes  magnitude 
only.^     It  was   shown    by  Argand  and  others  that  the 


'  These  two  notions,  which  have 
their  origin  in  the  writings  of 
Hamilton  on  the  one  side  and 
the  Calculus  of  Operations  on  the 
other,  belong  to  this  country  and  to 
a  period  during  which  mathematical 
researches  were  carried  on  in  a 
fragmentary  manner,  and  much  out 
of  contact  with  the  contemporary 
mathematics  of  the  Continent. 
Both  the  Calculus  of  Quaternions 
of  Hamilton  and  the  Calculus  of 
Operations  were  looked  upon  for  a 
long  time  as  curiosities  (as  was  also 
the  Barvcentric  Calculus  of  Mobius 
in  Germany).  Gradually,  however, 
the  valuable  ideas  which  were  con- 
tained in  them  became  recognised 
as  much  from  the  practical  as  from 
the  theoretical  point  of  view.  In 
the  former  interest  the  application 
of  Vector  Analysis  or  the  Algebra 
of  Directed  Quantities  received  a 
great  impetus  when  the  need  was 
felt  of  having  an  algebra  of 
"physical  quantities."  This  found 
expression  in  the  writings  of  Clerk- 
Maxwell.  (See  his  'Treatise  on 
Electricity  and  Magnetism,'  vol.  i. 
p.  8,  2nd  ed.,  as  also  his  paper  on 
"  The  Mathematical  Classification  of 
Physical  Quantities,"  1871.  '  Coll. 
Papers,'  vol.  ii.  p.  257.)  In  the  prac- 
tical application  of  electrical  theories 


these  notions  have  since  become  in- 
dispensable, and  the  subject  has  re- 
ceived increasing  attention,  notably 
in  America,  which  holds  a  foremost 
place  in  the  development  of  elec- 
trical science  and  its  application. 
Mathematicians  of  the  first  order, 
such  as  J.  Willard  Gibbs,  have  pub- 
lished text -books  on  the  subject, 
whilst  other  electricians  of  emin- 
ence, such  as  Mr  Oliver  Heaviside, 
have  elaborated  special  forms  of  the 
Directional  Calculus  to  serve  their 
purposes.  In  Dynamics  the  Dublin 
School,  represented  after  the  death 
of  Hamilton  by  Sir  Robert  S.  Ball 
(in  his  •  Theory  of  Screws,'  1876), 
has  had  an  important  influence  in 
the  introduction  of  novel  and  more 
appropriate  methods  which  have 
gradually  permeated  the  general 
treatment  of  the  subject.  Whilst 
there  is  no  doubt  that  for  a  long 
time  the  Calculus  of  Quaternions 
was  the  only  methodical  elaboration 
of  these  novel  and  useful  ideas,  it 
was  overlooked  that  simultaneously 
and  quite  independently  H.  Grass-  • 
maun  of  Stettin  (see  above,  vol.  i. 
p.  243)  had  worked  out  a  much 
more  comprehensive  and  funda- 
mental calculus,  of  which  the  method 
of  quaternions  and  all  the  difierent 
forms    of  Vector  Analysis  can  be 
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arithmetic  based  upon  two  units  instead  of  one — i.e., 
the  arithmetic  of  couples  or  complex  quantities — could 
be  completely  and  consistently  represented  by  choosing  as 
axes  whereon  the  separate  units  were  counted,  the  two 
perpendicular  axes  of  Cartesian  geometry.  An  attempt 
to  extend  this  geometrical  representation  into  space  led 
Hamilton  to  the  invention  of  his  method,  Gauss  having 
very  early  satisfied  himself  that  within  the  limits  of 
ordinary    algebra   no   further    extension   was    necessary 

or  possible. 

The  examination  into  fundamental  principles  was  not 
limited  in  the  mind  of  Gauss  to  those  of  algebra:  he 
early  applied  himself  likewise  to  those  of  geometry  and 
of  dynamics.  The  great  French  mathematicians,  such 
21.  as  Legendre  and  Lagrange,  were  also  occupied  with  such 
o?ge"oteS^^  spccuratious.  They  have  been  carried  on  all  through 
the  century,  but  have  only  towards  the  end  of  the 
period  been  brought  into  connection  and  shown  to  be 
of  importance  for  the  general  progress  of  mathematics. 
The  secluded,  and  for  a  long  time  unappreciated,  labours 
of  isolated  but  highly  original  thinkers  have  accordingly 

Grassmann's  works  is  being  pub- 
lished by  Teubner.  Those  who  are 
interested  in  seeing  how  the  notions 
underlying  the  directional  calculus 
are  gradually  becoming  clarified, and 
the  terminology  and  notation  settled, 
may  read  with  profit  the  controversy 
carried  on  in  the  pages  of  '  Nature,' 
vols,  xlvii.  and  xlviii.,  between  Prof. 
Macfarlane,  Willard  Gibbs,  Mr  0. 
Heaviside,  Mr  A.  M'Aulay,  and  Dr 
Knott ;  also  Dr  Larmor's  review 
of  Hay  ward's  'Algebra  of  Coplanar 
Vectors*  (vol.  xlvii.  p.  266),  and 
Sir  R.  S.  Ball's  reference  to  the 
'Ausdehnungslehre '  of  Grassmann 
(vol.  xlviii.  p.  391,  1893). 


considered  as  merely  special  in- 
stances. This  has  now  been  abund- 
antly proved  through  the  writings 
of  mathematicians  in  all  countries, 
among  whom  I  will  only  mention 
Hankel  and  Dr  V.  Schlegel  in  Ger- 
manv,  CUfi'ord,  Prof.  Henrici,  and 
latteVlv  Mr  Whitehead  in  England, 
Prof.  Peano  in  Italy,  and  M.  Burali 
Forti  in  France.  See  on  the  whole 
subject,  on  the  fate  of  Grassmann 
and  of  his  great  work,  V.  Schlegel, 
'  Die  Grassmann'sche  Ausdehnungs- 
lehre,' Leipzig,  1896  ;  also,  by  the 
same  author,  a  short  biography 
of  Grassmann  (Leipzig,  Brockhaus, 
1878).      A     complete     edition     of 
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received  tardy  recognition.  Such  speculations  can  be 
carried  on  either  as  fascinating  exercises  of  mere 
ingenuity,  or  for  practical  purposes  to  improve  the 
refined  instruments  of  mathematical  calculation,  or  in 
the  philosophical  interest  of  arriving  at  the  fundamental 
processes  of  human  thought  and  intuition.^  Many 
persons  think  that  only  the  second  of  these  three  in- 


1  Already  Euler  had  remarked  on 
the  differentinterests  that  prompted 
mathematical  research.     Keferring 
to  the  writings  of  Count  Fagnano, 
he    says    in    the    introduction    to 
the  first  of  his  memoirs  on  Elliptic 
Integrals  (1761,  quoted  by  Brill  & 
Nother  in  'Bericht  der  Deutschen 
Mathematiker-Vereinigung,'  vol.  iii. 
p.  206) :    "  If  one  looks  at  mathe- 
matical speculations  from  the  point 
of  view  of  utility,  they  can  be  divided 
into  two  classes  :  first,  those  which 
are  of  advantage   to  ordinary  life 
and  other  sciences,  and  the  value 
of  which  is  accordingly  measured  by 
the  amount  of  that  advantage.    The 
other  class  comprises  speculations 
which,  without  any  direct  advant- 
age, are  nevertheless  valuable  be- 
cause   they    tend    to    enlarge    the 
boundaries  of  analysis  and  to  exer- 
cise the  powers  of  the  mind.     Inas- 
much  as    many    researches   which 
promise  to  be  of  great  use  have  to 
be  given  up  owing   to  the  inade- 
quacy of  analysis,  those  speculations 
are  of  no  little  value  which  promise 
to  extend  the  province  of  analysis. 
Such  seems   to   be   the   nature   of 
observations  which  are  usually  made 
or  found  a  posteriori,  but   which 
have  little  or   no  chance  of  being 
discovered  a  priori.     Having  once 
been  established  as  correct,  methods 
more    easily     present     themselves 
which  lead  up  to  them,  and  there 
is  no  doubt  that  through  the  search 
for  such   methods   the  domain   of 

analysis  may   be   considerably  ex- 

VOL.  II. 


tended."    The  school  of  mathema- 
ticians headed  by  Abel  and  Jacobi 
pursued  mathematics  from  purely 
scientific  interest,    and    was  criti- 
cised on  this   ground  by   eminent 
contemporary     mathematicians    in 
France  :    see  a  letter  of  Jacobi  to 
Legendre,  dated  July  2,  1830,  in 
which   he    refers    to   a    Report  of 
Poisson    on    his    great    work,  but 
adds:     "M.    Poisson   u'aurait    pas 
da   reproduire    dans    son    rapport 
une  plirase  peu  adroite  de  feu  M. 
Fourier   oti    ce    dernier    nous   fait 
des  reproches,  h,  Abel  et  a  moi,  de 
ne  pas  nous  etre  occupes  de  pre- 
ference du  mouvement  de  la  chaleur. 
II   est   vrai   que  M.   Fourier   avait 
I'opinion  que  le  but  principal  des 
mathematiques  ^tait  I'utilit^  pub- 
lique   et    I'explication    des   pheno- 
mdnes  naturels  ;  mais  un  philosophe 
comme  lui  aurait  dii  savoir  que  le 
but    unique    de    la    science,    c'est 
I'honneur  de  I'esprit  humain  et  que 
sous    ce    titre,    une    question    de 
nombres  vaut  autant  qu'une  ques- 
tion du  systeme  du  monde. "    In  the 
sequel  he  adds  :  "  Je  crois  entrevoir 
que  tout^s  ces  transcendantes  "  {i.e., 
the  elliptic  and  Abelian  functions) 
"jouissent    des   proprietes    admir- 
ables  et  inattendues  auxquelles  on 
pent  etre  conduit  par  le  th^or^me 
d'Abel.  .  .  .  J'ai  reflechi  aussi  de 
temps  en  temps  sur  une  m^thode 
nouvelle  de  traiter  les  perturbations 
celestes,    m^thode     dans     laquelle 
doivent  entrer    les   theories    nou- 
velles  des  fonctions  elliptiques." 

2    T 
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22. 

Descriptive 
Geometry. 


dueements  is  likely  to  prove  fruitful  for  the  progress  of 
science ;  they  look  upon  the  first  as  an  amusing  pastime, 
and  upon  the  third  as  empty  and  not  devoid  of  danger. 
In  recognition  of  the  partial  correctness  of  this  view,  I 
will  follow  up  the  practical  stimulus  in  its  fruitful  in- 
fluence upon  the  development  of  the  lines  of  mathe- 
matical research. 

This  stimulus  came  in  the  closing  years  of  the  pre- 
ceding century  through  the  lectures  of  Gaspard  Monge 
at  the  ficole  Normale,  and  has  become  popularly  known 
through  his  invention  of  Descriptive  Geometry,  the  first 
modern  systematic  application  of  purely  graphical  methods 
in  the  solution  of  mathematical  problems.  As  Cauchy 
was  the  founder  of  the  modern  school  of  analysts,  so 
Moncre,  tocrether  with  Carnot,  founded  the  modern  school 
of  geometricians;  Dupin,  Poncelet,  and  Chasles  being 
among  his  most  illustrious  pupils.  The  aim  of  this 
school  was  to  give  to  geometrical  methods,  such  as 
had  been  practised  by  the  ancients,^  the  same  generality 
and  systematic  unity  which  characterised  the  analytical 
methods  introduced  by  Descartes. 

Xot  long  after  the  introduction  of  the  latter,  Leibniz 


^  These  methods  had  been 
largely  used  in  this  country  by 
Newton,  Robert  Simson,  and 
Stewart.  They  were  systematised 
by  L.  N.  M.  Carnot.  Chasles 
(*'Discour3  d'inauguration,  &c.," 
1846,  'Geometric  Superieure,'  p. 
Ixxvii)  says :  "  Dans  le  si^cle 
dernier,  R.  Simson  et  Stewart 
donnaient,  k  I'instar  des  Anciens, 
autant  de  demonstrations  d'une 
proposition,  que  la  figure  a  laquelle 
elle  se  rapportait  pr^sentait  de 
formes  differentes,  k  raison  des 
positions  relatives   de  ses  diverses 


parties.  Carnot  s'attacha  a  prouver 
qu'une  seule  demonstration  ap- 
pliquee  h,  un  ^tat  assez  general 
de  la  figure  <levait  suffire  pour 
tons  les  autres  cas  ;  et  il  montre 
comment,  par  des  changements 
de  signes  de  termes,  dans  les 
formules  demontrees  par  une 
figure,  ces  formules  s'appliquaient 
a  une  autre  figure  ne  differant  de 
la  premiere,  commes  nous  I'avons 
dit,  que  par  les  positions  relatives 
de  certaines  parties.  C'est  ce  qu'il 
appela  le  'Principe  de  correlation 


des  figures. 


» f> 


had  foretold  1  the  possibility  and  necessity  of  such  an 
independent  development  of  pure  geometry,  in  which  the 
relations  of  position   in  space,  as   opposed   to  those  of 
measure,  magnitude,  or  quantity,  would  be  placed  in  the 
foreground.      Projection,  as  practised  in  the  drawing  of 
maps,   and    perspective,   as    practised    in    the    fine  and 
descriptive    arts,    had    already    revealed    a    number    of 
remarkable   properties   of   figures   in   the  plane  and  in 
space.     By    continuous    motion   of   points   or  lines,   by 
artifices  like  throwing  of  shadows,  by  sections  of  solids 
with  lines  and  surfaces,  a  vast  number  of  problems  had 
been    solved    and    isolated    theorems    established.     The 
method  here  practised  was  that  of  construction,  as  in 
analysis  the  method  was  that  of  calculation  with  sub- 
sequent   interpretation.     All    this    purely    constructive 
work   was  to   be   brought    together   and   systematically 
combined  in  a  whole.     It  was  evidently  a  distinct  line 
of    research,    based    upon    intellectual    processes    other 
than    the    purely    analytical    method  —  a    line    which, 
as  it  seemed  to  its  followers,  had  been  unduly  neglected 
and    pushed    into    the    background.      Although    Monge 
became  the  founder  of  this  purely  descriptive  or  con- 
structive branch   of   geometry,  he  was   himself  equally 
great  as  an   analyst;  in   fact,  the   fusion  in   his  mind 
of   the    two    methods    was   the   origin  of  much   of  his 
greatest    work.      In    attempting    to     carry    out    more 
thoroughly  the  separation  or  independent  development 
of  the  constructive  or  descriptive  method,  his  great  pupil, 

23. 

J.  V.  Poncelet — whilst  deprived  of  all  literary  resources  Ponceiet. 

^  See  the  quotations  from  his  letters  to  Huygens  and  others  given 
above,  vol.  i.  p.  103  note. 
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in  the  prisons  of  Kussia— meditated  on  the  real  cause  of 
the  power  which  algebraical  analysis  possessed,  on  the 
reason  why   geometry   proper  was   deprived   of  it,  and 
what  might  be  done  to  give  it  a  similar  generality.     In 
pursuing  this  line  of  thought  he  was  led  to  discover  the 
cause  of   the  existing   limitation  of   purely  geometrical 
reasoning  in  its  rigidity,  inasmuch  as  it  was  arrested  as 
soon  as  its  objects  ceased  to  have  a  positive  or  absolute, 
that  is  a  physical,  existence.^     Opposed  to  this  limitation 
was  the  freedom  of  the  analytical  method,  which,  operating 
with  indeterminate  symbols,  could,  by  letting  them  change 
gradually,  include  not  only  what   was  explicitly   given, 
but  also  that  which  was  merely  implied ;  not  only  the 
finite,  but  likewise,  the  infinite ;  not  only  the  real,  but 
likewise  the  fictitious  or  imaginary.     In  order  to  gain  a 
similar  generality  in   purely  geometrical  or  descriptive 
science,  a  similar  flexibility  would  have  to  be  introduced. 
Poncelet  was  thus  led  to  the  enunciation  of  his  celebrated 
and  much -criticised  "principle  or  law  of  continuity."  ^ 


1  See  the  "Introduction"  to  the 
Ist  volume  of  the  '  Traite  des  Pro- 
prietes  projectives  des  figures,'  pp. 
xi,  xii.  I  quote  from  the  2nd  edi- 
tion of  1865.  The  1st  was  published 
in  1822.  The  researches  date  from 
1813,  the  year  of  Poncelet's  im- 
prisonment. See  "Preface  de  la 
premiere  ^ition." 

2  Ibid.,  Introduction,  p.  xiv. 
On  the  principle  of  continuity 
in  geometry,  see  an  article  in 
vol.  xxviii.  "Ency.  Brit.'  by  the 
Rev.  Charles  Taylor,  and  the  re- 
ferences given  therein  ;  also  Prof. 
E.  Kotter's  Report  on  the 
*' Development  of  Synthetic  Ge- 
ometry" in  vol.  V.  of  the 
•  Jahresbericht  der  Deutschen 
Mathematiker      Vereinigung,'      p. 


122,  &c.  :  "  Originally  the  ex- 
positions referring  to  the  prin- 
ciple of  continuity  were  intended 
to  occupy  much  greater  space.  .  .  . 
In  consequence  of  correspDudeuce 
with  Terquem,  Servois,  and  Brian- 
chon,  Poncelet  desisted  from  the 
publication  of  it.  .  .  .  However 
cautiously  Poncelet  advanced  his 
principle  "—in  the  '  Essai  sur  les 
proprietes  projectives  des  sections 
coniques'  (presented  to  the 
Academy  in  1820)— "it  never- 
theless aroused  the  doubts  of 
Cauchy,  who  in  his  report  on 
Poncelet's  paper  warns  against  the 
too  hasty  application  of  the 
principle.  Gergonne  accompanied 
the  reprint  of  this  report  with 
notes,  in    which    he    characterised 
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Analytical  geometry,  by  substituting  an  algebraical  ex- 
pression for  a  geometrical  figure — say  a  curve, — could 
apply  to  it  all  the  artifices  of  abstract  analysis.  By 
varying  the  co-ordinates  you  can  proceed  along  the  whole 
extent  of  the  curve  and  examine  its  behaviour  as  it 
vanishes  into  infinity,  or  discover  its  singular  points  at 
which  there  occurs  a  break  of  continuity :  you  can  vary 
its  constants  or  parameters,  and  gradually  proceed  from 
one  curve  to  another  belonging  to  the  same  family,  as  is 
done  in  grouping  together  all  curves  of  the  second  order, 

or as  was  done  in  the  calculus  of  variation,  invented 

by  Euler  and  Lagrange — you  can  vary  the  form  of  the 
equation,  proceeding  from  one  class  of  curve  to  another. 
Now  clearly  all  this  operating  on  equations  and  sym- 
bolic expressions  was  originally  abstracted  from  geom- 
etry, including  the  mechanical  conception  of  motion ;  in 
particular  the  ideas  which  underlie  the  method  of 
fluxions  were  suggested  by  the  motion  of  a  point  in 
space.     The  conception  of  continuous  motion  in  space — 


the  principle  as  a  valuable  in- 
strument for  the  discovery  of 
new  truths,  which  nevertheless  did 
not  make  stringent  proofs  super- 
fluous." Cauchy 's  report  seems  to 
have  aroused  Poncelet's  indignation. 
Hankel  (*  Elemente  der  Projectiv- 
ischen  Geometrie,'  1875,  p.  9) 
says:  "This  principle,  which  was 
termed  by  Poncelet  the  'Prin- 
ciple of  Continuity,'  inasmuch  as 
it  brings  the  various  concrete 
cases  into  connection,  could  not 
be  geometrically  proved,  because 
the  imaginary  could  not  be 
represented.  It  was  rather  a 
present  which  pure  geometry  re- 
ceived from  analysis,  where  im- 
aginary quantities  behave  in  all 
calculations  like  real  ones.      Only 


the  habit  of  considering  real  and 
imaginary  quantities  as  equally 
legitimate  led  to  that  principle 
which,  without  analytical  geometry, 
could  never  have  been  discovered. 
Thus  pure  geometry  was  compen- 
sated for  the  fact  that  analysis 
had  for  a  long  time  absorbed  the 
exclusive  interest  of  mathemati- 
cians ;  indeed  it  was  perhaps  an 
advantage  that  geometry,  for  a 
time,  had  to  lie  fallow."  Kotter 
continues  :  "  Von  Staudt  was  the 
first  who  succeeded  in  subjecting 
the  imaginary  elements  to  the 
fundamental  theorem  of  projective 
geometry,  thus  returning  to  analyt- 
ical geometry  the  present  which, 
in  the  hands  of  geometricians,  had 
led  to  the  most  beautiful  results." 
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24. 
Character 
of  modern 
geometry. 


of  motion  of  points,  lines,  planes — corresponded  accord- 
ingly to  the  notion  of  variability  in  analysis.  The  intro- 
duction of  motion,  gradual  and  continuous,  would  give 
to  purely  geometrical  or  descriptive  reasoning  the  same 
flexibility  which  analysis  had  acquired  in  the  calculus  of 
fluxions  and  of  variations.  Figures  would  lose  their 
rigidity  and  isolation  and  limited  nature  and  become 
movable,  related  to  each  other,  filling  the  whole  of  space 
instead  of  a  restricted  and  confined  area  or  region.  It 
is  the  peculiarity  of  the  modern  as  opposed  to  the  older 
geometry,  never  to  let  figures  become  motionless  or 
rigid,^  never  to  consider  them  in  their  isolation,  but 
always  in  their  mutual  relations ;  never  to  have  regard 
only  to  a  finite  portion  of  a  line  or  surface,  but  to 
conceive  of  it  in  its  infinite  extension.  By  a  reaction 
of  analysis  and  geometry  on  each  other,  freedom  and 
generality  have  been  gradually  acquired. 

But  this  moving  about  of  figures  in  space  in  order 
to  learn  their  properties  and  mutual  relations  must  be 
according  to  some  method ;  otherwise  it  will  not  lead  to 
scientific  and  exact  knowledge.  Poncelet,  in  considering 
how  the  two  successful  methods  in  geometry  —  the 
Cartesian  and  the  Descriptive — had  attained  to  their 
perfection,  discovers  a  general  principle  which  underlies 
their  proceedings,  and  which  is  capable  of  great  extension : 
this  is  the  principle  of  projection."^ 


^  See,  inter  alia,  what  Geiser 
says  of  Jacob  Steiner's  method  in 
his  pamphlet  'Zur  Erinneruug  an 
Jacob  Steiner,'  Schaffhausen,  1874, 
p.  27. 

^  *  Traits  des  Proprietes  pro- 
jectives,'  vol.  i.  p.  xviii :  "  En 
reflechissant    attentivement    a    ce 


qui  fait  le  principyal  avantage  de 
la  Gdometrie  descriptive  et  de  la 
m^thode  des  coordonnees,  h,  ce  qui 
fait  que  ces  branches  des  Math^- 
matiques  offrent  le  caract^re  d'une 
veritable  doctrine,  dont  les  prin- 
cipes,  peu  Dombreux,  sont  lies  et 
enchain^s  d'une  maniere  necessaire 
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Of  this  principle  of  projection,  which  Poncelet  at  once       25. 

Method'of 

introduces  in  the  more  general  form  as  conical  or  central  projection. 
projection,  two  signal  applications  existed  in  the  treatises 
on  Conic  Sections  handed  down  from  antiquity,  and  in 
the  practical  methods  and  Kules  of  Perspective  invented 
by  Lionardo  da  Vinci  and  further  developed  by  various 
geometricians.  The  results,  which  lay  scattered  in  many 
books  and  memoirs,  Poncelet  collected  in  a  systematic 
form,  bringing  them,  by  the  application  of  the  law  of 
continuity,  under  a  few  general  and  eminently  useful 
points  of  view  or  principles.  By  the  method  of  projec- 
tion or  perspective  he  "  transformed  figures  which  are 
very  general  into  others  which  are  particular,  and  vice 
versd.''  He  established  the  principle  of  "  homology  "  in 
figures,  and  by  showing  how  figures  apparently  very 
different  could  be  described  by  the  process  of  projection 
from  the  same  original  figure,  he  showed  that  there 
existed  a  peculiar  relation  among  figures — viz.,  their 
"  reciprocity."  ^ 


et  jmr  une  marche  uniforme,  on 
ne  tarde  pas  a  recounaitre  que  cela 
tient  uniquement  a  I'usage  qu'elles 
font  de  la  projection. " 

^  The  properties  of  figures,  called 
by  Poncelet  "  homology  "  and  "  re- 
ciprocity," refer  to  the  correspond- 
ence of  certain  elements  of  one 
figure  to  those  of  another  figure. 
In  the  case  of  "homology,"  we 
have  to  do  with  corresponding 
points  or  corresponding  lines — i.e., 
with  the  correspondence  of  the 
same  elements.  In  the  case  of 
"reciprocity,"  we  have  to  do  with 
correspondence  of  points  or  lines 
in  the  one  figure,  with  lines  or 
points  in  the  other — i.e.,  with 
the  correspondence  of  different 
elements.      The    idea    of     placing 


figures  in  an  homologous  rela- 
tion was  got  by  the  device  of 
making  two  planes,  which  con- 
tained figures  in  perspective,  fall 
together  into  one  plane ;  upon 
which  the  section  of  the  two  orig- 
inal planes  became  the  **axis," 
and  the  eye-point  the  "centre" 
of  homology — all  situated  in  one 
and  the  same  plane.  Poncelet  had 
already  conceived  of  the  possibil- 
ity of  reducing  the  two  planes  in 
Monge's  '  Descriptive  Geometry, ' 
which  represent  the  plan  and  ele- 
vation of  a  figure  in  one  plane, 
on  which  the  elevations  were 
marked  by  what  are  now  called 
"contour  lines."  The  idea  of  the 
correspondence  of  figures  by  what 
is  called   "  reciprocity "   was    sug- 
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26. 
Law  of 
continuity. 


27. 

Ideal 
elements. 


By  the  law  of  continuity  he  showed  how  in  pure 
geometry  it  became  necessary  to  introduce  the  considera- 
tion of  points  and  lines  which  vanish  into  infinity  or 
which  become  imaginary,  establishing  by  their  invisible 
elements  the  continuous  transition  from  one  geometric 
form  to  another;  just  as  in  algebra  these  conceptions 
had  forced  themselves  on  the  attention  of  analysts. 
Ideal  elements  were  thus  made  use  of  to  lead  to  the  dis- 
covery of  real  properties. 

The  consideration  of  lines  and  points  which  vanish 
or  lie  at  infinity  was  familiar  to  students  of  perspective 
from  the  conception  of  the  "  vanishing  line " ;  but  the 
inclusion  of  ideal  points  and  lines  was,  as  Hankel  says, 
a  gift  which  pure  geometry  received  from  analysis, 
where  imaginary  (i.e.,  ideal  or  complex)  quantities  behave 
in  the  same  way  as  real  ones.  Without  the  inclusion  of 
these  ideal  or  invisible  elements  the  generality  or  con- 
tinuity of  purely  geometrical  reasoning  was  impossible. 

The  geometrical  reasoning  of  Monge,  Carnot,  and 
Poncelet  was  thus  largely  admixed  with  algebraical  or 
analytic  elements.  It  is  true  that  Monge's  descriptive 
creometry   was    a    purely    graphical    method,    and    that 

gested  to  Poncelet  by  the  prop- 
erty, known  already  to  De  la 
Hire  ("Sectiones  Conicje,"  1685), 
that  in  the  plane  of  a  conic 
section  every  point  corresponds 
to  a  straight  line  called  its 
"polar,"  that  to  every  straight 
line  corresponds  a  point  called 
its  "pole,"  that  the  "polars" 
corresponding  to  all  the  points  of 
a  straight  line  meet  in  one  and 
the  same  point,  and  vice  versa 
that  the  "poles"  corresponding  to 
all  lines  going  through  one  and 
the  same   point  lie  on  a  straight 


line ;  the  line  and  point  in  ques- 
tion standing  in  both  cases  in  the 
relation  of  pole  and  polar  to  each 
other.  Poncelet  uses  "this  trans- 
formation of  one  figure  into  its 
reciprocal  polar  systematically  as  a 
method  for  finding  new  theorems : 
to  every  theorem  of  geometry 
there  corresponds  in  this  way 
another  one  which  is  its  '  polar,' 
and  the  whole  of  geometry  was 
thus  split  up  into  a  series  of 
truths  which  run  parallel  and 
frequently  overlap  each  other" 
(Hankel,  loc.  city  p.  20). 


Poncelet's  method  of  central  projection  attacked  geometri- 
cal problems  from  a  purely  constructive  point  of  view. 
Nevertheless  the  frequently  expressed  object  of  the  later 
writings  of  Monge,  as  well  as  those  of  Carnot  and 
Poncelet,  was  to  introduce  into  geometrical  reasoning 
the  generality  and  continuity  which  analysis  possessed, 
and  this  was  largely  attained  by  the  interpretation  of 
nations  taken  over  from  analysis.  Their  endeavours 
were,  however,  in  the  sequel  crowned  by  the  discovery 
of  a  purely  geometrical  property,  the  understanding  of 
which  has  ever  since  formed  the  basis  of  what  may  be 
termed  modern  geometry. 

This  remarkable  property,  which  may  be  regarded 
as  revealing  the  very  essence  of  extension  in  space  or 
of  the  "space -manifold," — inasmuch  as  it  brings  the 
different  elements  of  space  into  mutual  relation, — is  the 
so-called  principle  of  "  duality  "  or  of  "  reciprocity."  The  .  28. 
principle  of  duality  is  now  usually  defined  to  mean  that  duality, 
in  geometry  on  the  plane  or  in  space,  "  figures  coexist  in 
pairs,  two  such  coexisting  figures  having  the  same  genesis 
and  only  differing  from  one  another  in  the  nature  of  the 
generating  element."  ^  The  elements  of  plane  geometry 
are  the  point  and  the  line  ;  the  elements  of  solid  geometry 
are  the  point  and  the  plane.  By  interchanging  these 
correlative  terms,  correlative  propositions  may  be  written 
down  referring  to  plane  and  to  space  geometry.  In  pro- 
jective geometry  there  are  two  processes  which  are  cor- 
relative or  complementary  to  each  other — the  process  of 
projection  and  the  process  of  section.     We  can  project 

^  Cremona,  'Elements  of  Projective  Geometry,'  transl.  by  Leudesdorf. 
Oxford,  1885,  p.  26. 
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from  a  point  drawing  lines  or  rays  on  the  plane  and  in 
space,  and  we  can  cut  these  by  lines  in  a  plane  or  by 
planes  in  space.  And  it  can  be  shown  that  "if  one 
geometric  form  has  been  derived  from  another  by  means 
of  one  of  these  operations,  we  can  conversely,  by  means 
of  the  complementary  operation,  derive  the  second  from 

the  first."  ^ 

The  projective  geometry  of  Poncelet  contains  the  two- 
fold origin  of  the  principle  of  duality  in  his  method  of 
projection  and  section,  and  in  his  theory  of  the  reciprocity 
of  certain  points  and  lines  in  the  doctrine  of  conic  sections, 
Reci^ocity.  callcd  the  theory  of  reciprocal  polars.  But  the  mathe- 
matician who  first  expressed  the  principle  of  duality  in  a 
general — though  not  in  the  most  general — form  was 
Gergonne,  who  also  recognised  that  it  was  not  a  mere 
geometrical  device  but  a  general  philosophical  principle, 
destined  to  impart  to  geometrical  reasoning  a  great 
simplification.  He  sees  in  its  enunication  the  dawn  of 
a  new  era  in  geometry.^ 


^  Cremona,  loc.  cit,,  p.  33. 

2  The  principle  of  Duality  seems 
to  have  been  first  put  forward  in  its 
full  generality  by  Gergonne,  in- 
spired probably  by  the  theory  of 
Reciprocal  Polars  (see  note,  p.  663) 
enunciated  by  Poncelet,  who  many 
years  afterwards  carried  on  a  vol- 
uminous polemic  as  to  the  priority 
of  the  discovery.  "Gergonne  saw 
that  the  parallelism  (referred  to 
above)  is  not  an  accidental  conse- 
quence of  the  property  of  conic 
sections,  but  that  it  constitutes  a 
fundamental  principle  which  he 
termed  the  'principle  of  duality.' 
The  geometry  which  is  usually 
taught,  and  in  which  a  line  is  con- 
sidered to  be  generated  by  the 
motion  of  a  point,  ia  opposed  by 


another  geometry  equally  legiti- 
mate in  which  a  point  is  gener- 
ated by  the  rotation  of  a  line. 
Whereas  in  the  first  case  the  line  is 
the  locus  of  the  moving  point,  in 
the  latter  case  the  point  is  the 
geometrical  intersection  of  the 
rotating  line.  In  this  generality 
the  principle  of  duality  has  been  in- 
corporated into  modern  geometry  " 
(Hankel,  loc.  cit.,  p.  21).  Gergonne 
says  of  the  new  principle  (1827,  see 
Supplement  tolvol.  ii.  2nd;ed.  of 
Poncelet's  '  Traite,'  p.  390)  :  "  II  ne 
s'agit  pas  moins  que  de  commencer 
pour  la  geometric,  mal  connue 
depuis  pres  de  deux  mille  ans  qu'on 
s'en  occupe,  une  ^re  tout- a -fait 
nouvelle  ;  il  s'agit  d'en  mettre  tous 
les  anciens  traites  a  peu  pr^s  au 


30. 


It  must,  however,  in  all  fairness  be  stated  that  about 
the  period  from  1822  to  1830  this  great  simphfication 
and  unification  of  geometric  science  was  as  it  were  in  the 
air — that  it  had  presented  itself  to  various  great  thinkers 
independently,  being  suggested  from  different  points  of 
view.  The  beginnings  can  no  doubt  be  traced  in  the 
beautiful  theorems  of  older  French  mathematicians,  such 
as  Pascal  and  De  la  Hire,  and  more  generally  in  the 
suggestive  methods  of  Monge  and  Poncelet;  its  first 
formal  enunciation  is  in  the  memoirs  of  Gergonne :  but 
the  comprehensive  use  of  it — the  rewriting  of  geometry 
from  this  point  of  view — was  the  idea  of  Jacob  Steiner,  steiner. 
who,  in  his  great  but  unfinished  work  on  the  "  Systematic 
Development  of  the  Dependence  of  Geometric  Forms" 
(1830),  set  himself  the  great  task  "of  uncovering  the 
organism  by  which  the  most  different  forms  in  the  world 
of  space  are  connected  with  each  other."  "  There  are," 
he  says,  "  a  small  number  of  very  simple  fundamental 
relations  in  which  the  scheme  reveals  itself,  by  which 
the  whole  body  of  theorems  can  be  logically  and  easily 
developed."  "  Through  it  we  come,  as  it  were,  into  pos- 
session of  the  elements  which  Nature  employs  with  the 
greatest  economy  and  in  the  simplest  manner  in  order  to 
invest  figures  with  an  infinite  array  of  properties."  ^ 


rebut,  de  leur  substituer  des  traites 
d'une  forme  tout-a-fait  difierente, 
des  traites  vraiment  philosophiques 
qui  nous  montrent  enfin  cette  ^ten- 
due,  receptacle  universel  de  tout  ce 
qui  existe,  sous  sa  veritable  physi- 
onomie,  que  la  mauvaise  methode 
d'enseignement  adoptde  jusqu'a  ce 
jour  ne  nous  avait  pas  permis  de 
remarquer  ;  il  s'agit,  en  un  mot, 
d'operer  dans  la  science  une  revolu- 


tion aussi  imperieusement  neces- 
saire  qu'elle  a  ete  jusqu'ici  peu 
pr^vue." 

^  See  the  Preface  to  the  'Sys- 
tematische  Entwickelung,  &c.,' 
in  Jacob  Steiner's  '  Gesammelte 
Werke'  (ed.  Weierstrass),  vol.  i. 
p.  229.  "  In  the  beautiful  theorem 
that  a  conic  section  can  be  gener- 
ated by  the  intersection  of  two 
projective  pencils  (and  the  dually 
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The  labours  of  Poncelet  and  Steiner  introduced  into 
geometry  a  twofold  aspect,  and  accordingly,  about  the 
middle  of  the  century,  we  read  a  good  deal  of  the 
two  kinds  of  geometry  which  for  some  time  seemed  to 
develop  independently  of  each  other.  The  difference 
has  been  defined  by  the  terms  "  analytic  or  synthetic," 
"calculative  or  constructive,"  "metrical  or  projective.'* 
The  one  operated  with  formulae,  the  other  with  figures ; 
the  one  studied  the  properties  of  quantity  (size,  magni- 
tude), distances,  and  angles,  the  other  those  of  position. 

The  projective  method  seemed  to  alter  the  magnitude 
of  lines  and  angles  and  retain  only  some  of  those  of 
position  and  mutual  relation,  such  as  contact  and  inter- 
section. The  calculating  or  algebraical  method  seemed 
to  isolate  figures  and  hide  their  properties  of  mutual 
interdependence  and  relation. 
31.  These    apparent    defects    stimulated    the    representa- 

?uS?eo?"    tives   of    the   two    methods    to    investigate    more    min- 
projective     ^^tclv   their  hidden   causes  and    to   perfect   both.     The 

geometry.  J  t    ui        <- 

algebraical  formula  had  to  be  made  more  pliable,  to 
express  more  naturally  and  easily  geometrical  relations ; 
the  geometrical  method  had  to  show  itself  capable  of 
dealing  with  quantitative  problems  and  of  interpreting 
geometrically  those  modern  notions  of  the  infinite  and 
the  complex  which  the  analytic  aspect  had  put  promi- 


correlated  theorem  referring  to 
projected  ranges),  Steiner  recog- 
nised the  fundamental  principle 
out  of  which  the  innumerable 
properties  of  these  remarkable 
curves  follow,  as  it  were,  automat- 
ically with  playful  ease.  Nothing 
is  wanted  but  the  combination  of 
the  simplest  theorems  and  a  vivid 


geometrical  imagination  capable  of 
looking  at  the  same  figure  from 
the  most  different  sides  in  order 
to  multiply  the  number  of  pro- 
perties of  these  curves  indef- 
initely"  (Hankel,  loc.  city  p. 
26  ;  see  also  Cremona,  '  Projective 
Geometry,'  p.  119). 


nently  into  the  foreground.  The  latter  was  done  by 
the  geometric  genius  of  Von  Staudt,  who  succeeded  in 
giving  a  purely  geometrical  interpretation  of  the  imagin- 
ary or  invisible  elements  ^  which  algebra  had  introduced, 
whilst  Steiner  astonished  the  mathematical  world  by  the 
fertility  of  the  methods  by  which  he  solved  the  so- 
called  isoperimetrical  problems — i.e.,  problems  referring 
to  largest  or  smallest  contents  contained  in  a  given 
perimeter  or  vice  versd,  problems  for  which  Euler  and 
Lagrange  had  invented  a  special  calculus.^     In  spite  of 


1  The  geometrical  interpretation 
of  the  imaginary  elements  is  given 
by  Von  Staudt  in  a  sequel  to  his 
'  Geometrie  der  Lage  '  (1847),  en- 
titled '  Beitrage  zur  Geometrie  der 
Lage'  (1856-60);  and  after  hav- 
ing been  looked  upon  for  a  long 
time  as  a  curiosity  or  a  "hair- 
splitting abstraction,"  it  has 
latterly,  through  the  labours  of 
Prof.  Reye  ('Geometrie  der  Lage,' 
1866-68)  and  Prof.  Ltiroth  ('Math. 
Auualen,'  vol.  xiii.  p.  145),  become 
more  accessible,  and  is  systematic- 
ally introduced  into  many  excel- 
lent text-books  published  ^abroad. 
The  simplest  exposition  I  am  ac- 
quainted with  is  to  be  found  in 
the  later  editions  of  Dr  Fiedler's 
German  edition  of  Salmon's  '  Conic 
Sections'  (6th  Aufl.,  vol.  i.  p.  23,  &c,, 
and  p.  176,  &c.)  In  1875,  before 
the  great  change  which  has  brought 
unity  and  connection  into  many 
isolated  and  fragmentary  contribu- 
tions had  been  recognised,  Hankel 
wrote  with  regard  to  Von  Staudt's 
work,  and  in  comparison  with  that 
of  Chasles,  as  follows  :  "  The  work 
of  Von  Staudt,  classical  in  its 
originality,  is  one  of  those  attempts 
to  force  the  manifoldness  of  nature 
with  its  thousand  threads  running 
hither  and  thither  into  an  abstract 
scheme  and  an  artificial  system  :  an 
attempt  such  as  is  only  possible  in 


our  Fatherland,  a  country  of  strict 
scholastic  method,  and,  we  may  add, 
of  scientific  pedantry.  The  French 
certainly  do  as  much  in  the  exact 
sciences  as  the  Germans,  but  they 
take  the  instruments  wherever 
they  find  them,  do  not  sacrifice 
intuitive  evidence  to  a  love  of 
system  nor  the  facility  of  method 
to  its  purity.  In  the  quiet  town 
of  Erlangen,  Von  Staudt  might  well 
develop  for  himself  in  seclusion 
his  scientific  system,  which  he 
would  only  now  and  then  explain 
at  his  desk  to  one  or  two  pupils. 
In  Paris,  in  vivid  intercourse  with 
colleagues  and  numerous  pupils, 
the  elaboration  of  the  system 
would  have  been  impossible  "  {loc. 
cit.,  p.  30). 

2  See  the  lecture  delivered  by 
Steiner  in  the  Berlin  Academy, 
December  1,  1836,  and  the  two 
memoirs  on  '  Maximum  and  Min- 
imum' (1841),  reprinted  in  '  Ge- 
sammelte  Werke,'  vol.  ii.  p.  75 
sqq.y  and  177  sqq.,  especially  the 
interesting  Introductions  to  both, 
in  which  he  refers  to  his  fore- 
runner Lhuilier  (1782),  deploring 
that  others  had  needlessly  forsaken 
the  simple  synthetical  methods 
adopted  by  him.  Some  of 
Steiner's  expositions  in  these 
matters  were  apparently  so  easy 
that    non  -  mathematical  .  listeners 
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these  marvellous  works  of  genius,  science  is  probably 
indebted  for  its  greatest  advances  to  those  mathema- 
ticians who,  like  Pllicker  in  Germany,  Chasles  in  France, 
and  Cayley  in  England,  employed  the  analytic  and  con- 
structive methods  alternately  and  with  equal  mastery. 

It  is  impossible — and  it  is  not  my  object — to  allot  to 
each  of  these  original  thinkers  the  special  ideas  intro- 
duced by  him  into  modern  science;  but  for  the  purpose 


like  Johannes  Miiller  could  not 
understand  how  such  simple  things 
could  be  brought  before  the 
Academy  of  Sciences,  whereas  the 
great  mathematician  Dirichlet  was 
full  of  praise  of  the  ingenuity  of 
the  method  by  which  problems 
were  solved  which  the  Calculus 
of  Variations  attacked  long  after 
Steiner,  and  then  only  in  ways 
which  the  synthetical  method  had 
indicated  (see  Geiser,  *  Zur  Erin- 
neruug  an  Jacob  Steiner,'  p.  28). 
It  must  not  be  supposed,  however, 
that  Steiner  was  an  extreme  purist 
so  far  as  geometrical  methods  were 
concerned,  for  he  says  himself 
"  that  of  the  two  methods  neither 
is  entitled  to  exclude  the  other  ; 
rather  both  of  them  will,  for  a  long 
time,  have  plenty  to  do  in  order  to 
master  the  subject  to  some  extent, 
and  then  only  can  an  opinion  a^  to 
their  respective  merits  be  formed  " 
('Ges.  Werke,'  vol.  ii.  p.  180). 
An  instance  of  a  celebrated  prob- 
lem being  treated  alternately  by 
synthetic  and  analytic  methods 
is  that  of  the  Attraction  of 
Ellipsoids,  in  which  the  Theorem 
of  Maclaurin  had  created  quite  a 
sensation.  In  spite  of  the  ad- 
miration which  it  evoked,  both 
Legendre  and  Poisson  expressed 
the  opinion  that  the  resources  of 
the  synthetic  method  are  easily 
exhausted.  The  latter,  whilst  ad- 
mitting "  que  la  synthese  ait 
d'abord  devance  I'analyse,"  never- 


theless concludes  that  "  la  question 
u'a  ^te  enfin  resolue  completemeut 
que  par  des  transformations  aua- 
lytiques.  .  .  auxquelles  la  syn- 
these n'aurait  pu  suppleer."  This 
expression  of  opinion  was  falsified 
when  Chasles  presented  to  the 
Academy,  in  the  year  1837,  a 
memoir  in  which,  through  the 
study  of  confocal  surfaces,  the 
Theory  of  Maclaurin  was  synthet- 
ically proved  in  its  full  generality. 
Poinsot,  who  reported  on  this 
memoir,  attached  the  following  re- 
marks :  "  Ce  memoire  remarquable 
nous  oflfre  un  nouvel  exemple  de 
I'dlegance  et  de  la  clarte  que  la 
geometrie  pent  repandre  sur  les 
questions  les  plus  obscures  et  les 
plus  difl&ciles.  ...  II  est  certain 
qu'on  ne  doit  n^gliger  ni  I'une  ni 
I'autre  ;  elles  sont  au  fond  presque 
toujours  unies  dans  nos  ouvrages, 
et  forment  ensemble  comme  lin- 
strument  le  plus  complet  de  I'esprit 
humain.  Car  notre  esprit  ne 
marche  gu^re  qu'b,  I'aide  des  signes 
et  des  images  ;  et  quand  il  cherche 
^  p^netrer  pour  la  premiere  fois 
dans  les  questions  difficiles,  il  n'a 
pas  trop  de  ces  deux  moyens  et 
de  cette  force  particuliere  qu'il  ne 
tire  souvent  que  de  leur  concours. 
C'est  ce  que  tout  le  monde  peut 
sentir,  et  ce  qu'on  peut  recon- 
naitre  dans  le  Memoire  meme." 
(Chasles,  *  Rapport  sur  les  progres 
de  la  geometric,'  1870,  p.  105,  &c.) 


of  bringing  some  order  into  the  tangled  web  of  mathe- 
matical speculation,  mainly  represented  by  these,  I  shall 
identify  the  name  of  Plticker  with  the  great  advance       32. 
which  has  taken  place  in  geometry  through  the  change  chasieT^ 

Cayley. 

in  our  ideas  as  to  the  elements  of  space  construction  and 
the  generalisation  of  our  ideas  of  co-ordinates:  with 
Chasles  I  shall  specially  connect  the  modern  habit  in 
geometry  of  combining  figures  in  finite  space  with  their 
infinitely  distant  elements,  and  with  Cayley  the  application 
to  geometrical  science  of  the  novel  and  comprehensive 
methods  of  modern  algebra.  Let  us  dwell  for  a  moment 
on  each  of  these  three  great  departures. 

The  elements  of  any  science  are  a  very  different  thing 
from  the  elements  of  the  special  object  with  which  that 
science  is  concerned.     The  elements  of  chemistry  are  not 
the    chemical    elements.     The    latter   are,    we    suppose,       33. 
something  existing  in  nature,  something  fixed  and  un-  and  logical 
alterable,  which  science  aims  at  finding  out ;  the  former 
are  certain  conceptions  from  which  we  find  it  convenient 
to  start  in  teaching,  expounding,  and  building  up  the 
science  of  chemistry.     The  latter  are  artificial,  the  former 
are   natural.     The  same  remark  obtains  in  geometrical 
science.     The  elements  of  geometry  have  an  historical, 
a  practical  beginning :  the  elements  of  space  form  a  con- 
ception which  gradually  emerges  in  the  progress  of  geo- 
metrical science.     In  every  science  there  is  a  tendency 
to   replace   the    casual    and   artificial   elements    by   the 
natural  or  real  elements,  and  to  build  up  the  historical 
traditional    body    of    doctrine    anew,    using    the    very 
elements  which  Nature  herself,  as  it  were,  employs  in 
producing  her  actual  forms  and  objects.     As  the  pass- 


foundations. 
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age  quoted  above  shows,  such  an  idea  must  have  been 
before  the  mind  of  Jacob  Steiner  when  he   wrote  the 
*  Systematische    Entwickelung.'      Through    Euclid    geo- 
metricians had  learnt  to  begin  with  the  straight  line  of 
definite — not  indefinite — length,  the  triangle,  the  circle, 
advancing   to   more   complicated    figures;    practice    had 
made    geometry    a    science    of    mensuration,    involving 
number;     the    convenience    of    practice    in    astronomy, 
geodesy,  and  geography  had  introduced  the  artifice  of 
referring  points   and   figures  in   space   to   certain   arbi- 
trarily chosen  data — points  and  lines.     The  terms  "  right 
ascension"    and    "declination,"    "altitude"     and    "azi- 
muth,"   "latitude"    and    "longitude,"    led    to    the    co- 
ordinates of  Descartes  and  to  analytical  geometry.     In 
this   older  and  modern  geometry,  the  beginnings   were 
arbitrary,  and  many  conceptions  were  introduced  which 
were  foreign  to  the  object  of  research.     It  was  through 
a  slow  process  that  in  quite  recent  times — notably  dur- 
ing  the   nineteenth    century  —  mathematicians    became 
aware  how  artificial  were  their  methods,  and  with  how 
many  foreign  elements  they  had  encumbered  the  objects 
of  their  study.     To  replace  the  artificial  by  natural  con- 
ceptions, and  to  open  the  eyes  of  geometricians  to  the 
advantage  of   not  confining  themselves  to  the  point  (its 
motion   and  distances)   as   the    element  in   their   space 
construction,  no  one  did  more  than  Julius  Pliicker   of 
Bonn.       We    have    now    not    only    a    point  -  geometry, 
but  likewise  a  line  -  geometry  —  i.e.,  we  have  a  geom- 
etry  in   which   the   line    is    the   primary   element,   the 
point    being     the     secondary    element,    defined    by    the 
intersection    of    two     lines.       This    conception,    which 


can  be  applied  also  to  geometry  in  space,  the  point 
being  conceived  as  generating  a  plane  by  its  motion,  or 
three  planes  defining  a  point  by  their  intersection,  leads 
us  to  the  same  idea  of  dual  correspondence  or  reciprocity 
which  Poncelet  and  Gergonne  had  arrived  at  by  entirely 
different  considerations.  Plticker's  was  an  analytical 
mind,  and  with  him  the  principle  of  duality  at  once 
assumes  an  analytical  form.  He  saw  that  the  same 
equation  lent  itself  to  a  twofold  interpretation,  accord- 
ingly, as  we  adopt  point  co-ordinates  or  line  co-ordinates 
— i.e.,  according  as  we  refer  our  geometrical  figure  to  the 
point  or  the  line  as  the  moving  and  generating  space 
element.     Through   this   step   the  idea   of    co-ordinates       34. 

Generalised 

was  generalised,  and  the  dualistic  conception  of  figures  co-ordin- 
in    space    received    an    analytical    expression.     It  was 
the  junction  of  analytical  and  descriptive  methods  on  a 
higher  level,  from  which  an  entirely  novel  and  fertile 
development  of  geometry  became  possible. 

Whilst  the  labours  of  Pliicker  lay  in  the  direction  of 
making  analytical  formuke  more  natural,  better  adapted 
to  the  expression  of  geometrical  forms  and  relations,  and 
of  reading  out  of  these  remodelled  formulae  novel  geometri- 
cal properties,  the  French   school,  with  Michel  Chasles  ^ 


ates. 


^  In  addition  to  numerous  valu- 
able memoirs,  Chasles  published, 
among  others,  two  works  of  para- 
mount importance,  inasmuch  as 
they  for  a  long  time  dominated 
purely  geometrical  research,  not 
only  in  France  but  also  in  Ger- 
many and  England, — the  'Aper9u 
historique  sur  I'origine  et  le 
developpement  des  methodes  en 
geometrie'  (1837),  and  the  *  Traits 
de  geometrie  superieure'  (1852). 
These   works,  through    their   bril- 

VOL.  II. 


liant  style,  not  only  threw  into 
the  shade  for  a  time  the  labours 
of  contemporary  German  mathema- 
ticians, such  as  Mobius,  Steiner, 
Pliicker,  and  Von  Staudt,  but  also 
obscured  some  of  the  single  dis- 
coveries of  the  author  himself. 
The  '  Apergu '  was  early  trans- 
lated into  German ;  whereas  in 
this  country  it  was  the  Dublin 
school,  notably  Townsend  and  Dr 
Salmon,  who  spread  a  knowledge 
of  Chasles's  work. 
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as   its   leader    and    centre,    laboured    at    the    introduc- 
tion   into    pure   geometry   of    those    ideas   which    were 
peculiar   to   the   analytical  method,  and  which  gave  to 
that  method  its  unity,  generality,  and  comprehensiveness. 
Two  ideas  presented  themselves  as  requiring  to  be  geo- 
metrically dealt  with :  the  infinite  and  the  imaginary — 
i.e.y  the  elements  of  a  figure  which  lie  at  infinity  and  those 
which  are  ideal  or  invisible,  which  cannot  be  construed. 
It  is  usually  supposed  that  the  consideration  in  geometry 
of  imaginary  or  invisible  elements  in  connection  with  real 
figures  in  space  or  on  the  plane  has  been  imported  from 
algebra;  but  the  necessity  of  dealing  with  them  must 
have  presented  itself  when  constructive  geometry  ceased 
to  consider  isolated  figures  rigidly  fixed,  when  it  adopted 
the  method  of  referring  figures  to  each  other,  of  looking 
at  systems  of  lines  and  surfaces,  and  of  moving  figures 
about  or  changing  them  by  the  processes  of  projection 
and  perspective.     The  analytical  manipulations  applied 
to  an  equation,  which  according  to  some  system  or  other 
expressed   a  geometrical   figure,    found    its    counterpart 
in  projective  geometry,  where,  by  perspective  methods, — 
changing    the    centre    or    plane  of    projection, — certain 
elements  were  made  to  move  away  into  infinity,  or  when 
a  line  that  cut  a  circle  moved  away  outside  of  it,  seem- 
ingly  losing  its  connection  with    it.     By  such  devices, 
implying  continuous  motion  in  space,  Poncelet  introduced 
and  defined  points,  lines,  and  other  space  elements  at 
infinity,  and  brought  in  the  geometrical   conception  of 
ideal  and  imaginary   elements.     "Such   definitions,"  he 
says,  "have  the  advantage   of    applying    themselves  at 
once  to  all  points,  lines,  and  surfaces  whatsoever ;  they 
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are,  besides,  neither  indifferent  nor  useless,  they  help  to 
shorten  the  text  and  to  extend  the  object  of  geometrical 
conceptions ;  lastly,  they  establish  a  point  of  contact,  if 
not  always  real,  at  least  imaginary,  between  figures  which 
appear — prima  vista — to  have  no  mutual  relation,  and 
enable  us  to  discover  without  trouble  relations  and 
properties  which  are  common  to  them."l  It  was  the 
principle  of  geometrical  continuity  which  led  Poncelet  to 
the  consideration  of  infinite  and  imaginary  elements. 

As  we  saw  above,  the  projective  methods  of  Poncelet 
had  introduced  into  geometrical  reasoning  a  remark- 
able distinction  among  the  properties  of  figures.  In 
general  it  was  recognised  that,  in  the  methods  of 
central  and  parallel  projection  or  in  drawing  in  per- 
spective, certain  properties  or  relations  of  the  parts 
of  a  figure  remain  unaltered,  whereas  others  change, 
become  contorted  or  out  of  shape.  Poncelet  called  the 
former  projective  or  descriptive,  the  latter  metrical, 
properties.  This  distinction  introduced  into  all  geom- 
etry since  his  time  several  most  important  and  funda- 
mental points  of  view ;  it  divided  geometrical  research 
into  two  branches,  which  we  may  term  positional 
and  metrical  geometry — the  geometry  of  position  and 
that  of  measurement.  We  know  that  ancient  geometry 
started  from  problems  of  mensuration :  modern  geometry 
started,  with  Monge,  from  problems  of  representation  or 
graphical  description.  It  has  thus  become  a  habit  to 
call  ancient  geometry  metrical,  modern  geometry  pro- 
jective. This  habit  has  led  to  an  unnecessary  separation 
of  views,  but  in  the  further  course  of  development  also 

^  '  Traite  des  Proprietes  projectives,'  vol.  i.  p.  28. 
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36. 
Invariants. 


to  a  unification  on  a  higher  level.  But  the  distinc- 
tion mentioned  above  led  to  another  most  remarkable 
line  of  thought  and  research  which  tends  more  and 
more  to  govern  mathematical  doctrine.  The  methods 
of  projection  are  based  upon  the  motion  or  upon  the 
transformation  of  figures.  Under  such  a  process  some 
relations  remain  unaltered  or  invariant,  others  change. 
As  analytical  methods  in  the  hands  of  Plticker  and 
others  began  to  accommodate  themselves  more  closely  to 
geometrical  forms,  as  an  intimate  correspondence  was 
introduced  between  the  figure  and  the  formula,  it  became 
natural  to  study  the  unalterable  properties  of  the  figure 
in  the  invariant  elements  of  the  formula.  This  is  the 
orio^in  and  meanincr  of  the  doctrine  of  Invariants.^ 
It  is  the  great  merit  of  the  English  school  of  mathe- 
maticians, headed  by  Boole,  Cayley,  and  Sylvester,  both 
to  have  first  conceived  the  idea  of  a  doctrine  of  invariant 


^  "  In  any  subject  of  inquiry  there 
are  certain  entities,  the  mutual 
relations  of  which,  under  various 
conditions,  it  is  desirable  to  ascer- 
tain. A  certain  combination  of 
these  entities  may  be  found  to 
have  an  unalterable  value  when 
the  entities  are  submitted  to  cer- 
tain processes  or  are  made  the 
subjects  of  certain  operations. 
The  theory  of  invariants  in  its 
widest  scientific  meaning  deter- 
mines these  combinations,  eluci- 
dates their  properties,  and  expresses 
results  when  possible  in  terms  of 
them.  Many  of  the  general  prin- 
ciples of  political  science  and 
economics  can  be  expressed  by 
means  of  invariantive  relations 
connecting  the  factors  which 
enter  as  entities  into  the  special 
problems.  The  great  principle  of 
chemical  science  which  asserts  that 


when  elementary  or  compound 
bodies  combine  with  one  another 
the  total  weight  of  the  materials 
is  unchanged,  is  another  case  in 
point.  Again,  in  physics,  a  given 
mass  of  gas  under  the  operation 
of  varying  pressure  and  tempera- 
ture has  the  well-known  invariant, 
pressure  multiplied  by  volume  and 
divided  by  absolute  temperature. 
Examples  might  be  multiplied. 
In  mathematics  the  entities  under 
examination  may  be  arithmetical, 
algebraical,  or  geometrical ;  the 
processes  to  which  they  are  sub- 
jected may  be  any  of  those  which 
are  met  with  in  mathematical 
work.  It  is  the  principle  which 
is  valuable.  It  is  the  idea  of 
invariance  that  pervades  to-day  all 
branches  of  mathematics"  (Major 
P.  A.  MacMahon,  Address,  Brit. 
Assoc,  1901,  p.  526). 


forms,  and  to  have  foreseen  its  importance  and  corre- 
sponding significance  when  applied  to  a  great  variety  of 
scientific  problems,  notably  to  the  projective  processes 
in  geometry.  These  were  known  to  them  mainly 
through  the  classical  treatises  of  Poncelet  and  Chasles, 
the  leading  ideas  of  which  had  been  introduced  to 
British  students  by  the  labours  of  the  Dublin  school.^ 
The  investigations  referred  to  mark  the  junction  of 
two  important  lines  of  mathematical  research,  which 
had  been  carried  on  independently  in  earlier  times,  or 
only  united  for  special  purposes  or  for  the  solution 
of  special  problems.  The  history  of  the  progress  of 
geometry  during  the  nineteenth  century  has  already 
shown  us  the  use  and  interest  which  belong  to  two 
different  aspects  of  the  common  object,  of  which  the 
one  relies  mainly  on  processes  of  measurement,  including 
number,  the  other  mainly  on  processes  of  description,  in- 


^  The  history  of  the  doctrine  of 
invariants  has  been  written  by  Dr 
Franz  Meyer,  and  is  published  in  the 
first  volume  of  the  '  Jahresbericht 
der  Deutschen  Mathematiker  Ver- 
eiuigung '  (p.  79  sqq.)  The  fact  that 
this  formed  the  first  of  the  several 
Reports  which  the  German  Mathe- 
matical Society  has  undertaken  to 
publish,  testifies  to  the  great  im- 
portance which  belongs  to  this 
doctrine  in  the  history  of  recent 
mathematics.  A  concise  summary 
with  copious  references  is  given  by 
the  same  author  in  the  first  volume 
of  the  '  Encyklopadie  der  Math. 
Wissenschaften,'  p.  320  sqq.  How 
necessary  the  form  and  perfection 
of  algebraic  operations  was  for  the 
development  of  the  geometrical 
conceptions  which  are  laid  down, 
e.g.,  in  the  works  of  Pliicker, 
can  be  seen  in  the  work  of 
Otto   Hesse,    who   introduced   ele- 


gance and  conciseness  into  many 
of  the  expositions  which,  for  want 
of  this  formal  development,  ap- 
pear cumbrous  in  the  writings  of 
Pliicker.  "  The  analytical  form  in 
which  Pliicker 's  Researches  present 
themselves  is  frequently  wanting 
in  that  elegant  form  to  which  we 
have  become  accustomed,  specially 
through  Hesse.  Pliicker 's  calcula- 
tions frequently  bear  the  stamp  of 
mere  aids  for  representing  geo- 
metrical relations.  That  algebraical 
connections  possess  an  interest  in 
themselves,  and  require  an  ade- 
quate representation,  was  realised 
only  by  a  generation  which  habitu- 
ally employed  methods  that  had 
been  largely  devised  by  Pliicker 
himself "  (A.  Clebsch,  '  Zum  Ge- 
diichtniss  an  Julius  Pliicker,'  1872, 
p.  8.  See  also  Gustav  Bauer, 
'  Gedachtnissrede  auf  Otto  Hesse,' 
Munchen,  1882). 
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37. 
Theory-  of 
forms. 


eluding  arrangement.  The  same  difference  of  views  can 
be  established  with  regard  to  many  other  things  which 
form  the  objects  of  other  sciences.  In  geometry  this 
difference  obtrudes  itself,  as  it  were,  in  its  naked  form. 
Thus  in  all  the  natural,  and  even  the  social,  sciences  we 
have  become  accustomed  to  look  first  at  the  constituent 
elements  or  parts  of  things,  to  count  and  measure  them, 
then  afterwards  to  look  at  their  possible  arrangement, 
or  existence  together  in  the  actual  world  of  nature  or 
society.  Astronomy,  crystallography,  chemistry,  geology, 
the  natural  history  sciences,  economics  and  statistics,  the 
doctrine  of  chances, — all  furnish,  especially  in  their  sys- 
tematic development  during  the  last  hundred  or  hundred 
and  fifty  years,  examples  of  the  twofold  aspect  just  re- 
ferred to.  The  progress  of  these  sciences,  as  we  have 
abundantly  seen,  has  depended  largely  upon  the  application 
of  mathematical  methods.  As  the  analysis  into  elements 
or  parts,  and  the  possible  synthesis  of  such  elements  in 
complicated  structures,  has  become  everywhere  the  order  of 
study,  so  there  must  exist  in  the  abstract  science  of  mathe- 
matics— i.e.,  in  the  framework  of  our  scientific  reasoning 
— not  only  the  theory  of  measurement  and  number,  but 
also  that  of  combination,  form  or  arrangement,  and  order. 
The  doctrine  of  forms  in  the  well  -  known  prob- 
lems of  permutations  and  combinations  begins  with 
modern  mathematics  in  the  seventeenth  century,  and 
received  scientific  recognition  mainly  in  connection 
with  the  doctrine  of  chances  at  the  hands  of  James 
Bernoulli  abroad,  and  of  De  Moivre  in  this  country. 
The  process  of  multiplication  of  binomials  and  poly- 
nomials   leads    to  the    formation  of    combinations,  and 


where  the  factors  are  the  same,  as  in  Newton's  bi- 
nomial theorem,  to  combinations  with  permutation ;  and 
consequently  the  doctrine  of  chances  and  of  arrange- 
ments in  triangular,  pyramidal,  or  other  figures  is  closely 
connected  with  the  doctrine  of  series  and  algebraical 
expressions.  In  this  country  the  interest  in  the  subject 
has  been  stimulated  and  kept  alive  by  isolated  problems 
and  puzzles  in  older  popular  periodicals,  such  as  the 
'  Gentleman's  Magazine  '  and  the  '  Ladies'  Diary' ;  in  Ger- 
many— as  we  noticed  before — a  school  of  mathematicians 
arose  who  attempted  a  systematic  treatment  of  the  whole 
subject,  which,  owing  to  its  barrenness  in  practical  re- 
sults, brought  this  line  of  research  somewhat  into  dis- 
repute. What  was  wanted  was  a  problem  of  real 
scientific  interest  and  a  method  of  abbreviation  and 
condensation.      Both  were    supplied   from   unexpected  ^ 


^  The  theory  of  arrangement  or 
of  order,  alsso  called  the  "  Ars  Com- 
binatoria,"  has  exerted  a  great 
fascination  on  some  master  minds, 
as  it  has  also  given  endless  oppor- 
tunities for  the  practical  ingenuity 
of  smaller  talents ;  among  the 
former  we  must  count  in  the  first 
place  Leibniz,  and  in  recent  times 
J.  J.  Sylvester,  who  conceived  the 
"sole  proper  business  of  mathe- 
matics to  be  the  development  of 
the  three  germinal  ideas — of  which 
continuity  is  one,  and  order  and 
number  the  other  two"  ('Philo- 
sophical Transactions,'  vol.  clix.  p. 
613).  This  idea  has  been  dwelt  on 
by  Major  MacMahon  in  his  address 
(Brit.  Assoc,  1901, p.  526), who  says: 
"  The  combinatorial  analysis  may 
be  described  as  occupying  an  ex- 
tensive region  between  the  algebras 
of  discontinuous  and  continuous 
quantity.  It  is  to  a  certain  extent 
a  science  of  enumeration,  of  mea- 


surement by  means  of  integers  as 
opposed  to  measurement  of  quan- 
tities which  vary  by  infinitesimal 
increments.  It  is  also  concerned 
with  arrangements  in  which  differ- 
ences of  quality  and  relative  position 
in  one,  two,  or  three  dimensions  are 
factors.  Its  chief  problem  is  the 
formation  of  connecting  roads  be- 
tween the  sciences  of  discontinu- 
ous and  continuous  quantity.  To 
enable,  on  the  one  hand,  the 
treatment  of  quantities  which  vary 
per  scUtum,  either  in  magnitude 
or  position,  by  the  methods  of  the 
science  of  continuously  varying 
quantity  and  position,  and,  on  the 
other  hand,  to  reduce  problems  of 
continuity  to  the  resources  avail- 
able for  the  management  of  dis- 
continuity. These  two  roads  of 
research  should  be  regarded  as  pene- 
trating deeply  into  the  domains 
which  they  connect." 
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quarters — the  one  purely  theoretical,  the  other  practical. 
Accordingly  the  doctrine  of  forms  and  arrangements  has 
during  the  last  century  been  developed  by  mathematicians 
in  two  distinct  interests,  which  only  quite  lately  seem  to 
approach  and  assist  each  other. 

The  purely  abstract  or  theoretical  interest  came  from 
the  side  of  the  theory  of  numbers,  a  branch  of  research 
which  was  revived  by  Legendre  in  France  and  by  the 
youthful  genius  of  Gauss  in  Germany;  the  more  practical 
one  came  from  the  theory  of  equations,  notably  in  its 
application  to  problems  of  geometry.  The  methods  by 
which  these  subjects  were  treated  had  in  the  early  part 
of  the  nineteenth  century  undergone  a  great  change. 
The  older  inductive  method  in  both  branches — namely, 
in  the  solution  of  equations  and  in  the  investigation  of 
the  properties  of  numbers — relied  mainly  on  ingenious 
devices  which  were  mostly  of  special,  not  of  general, 
value.  Theorems  were  found  by  induction,  and  had 
afterwards  to  be  proved  by  rigorous  logical  deduction. 
Success  depended  on  the  degree  of  care  with  which  the 
mind  operated  with  mathematical  symbols,  and  rested 
frequently  on  the  intuition,  if  not  the  inspiration,  of 
genius.  Two  of  the  greatest  mathematical  minds — 
Fermat^  in   France  and   Newton^   in  England  —  stood 


1  Pierre  Fermat  (1601-65)  pre- 
pared an  edition  of  the  Treatise  of 
Diophantus,  and  his  marginal  notes 
contain  many  theorems  referring 
to  the  properties  of  numbers  which 
have  been  the  subject  of  much 
comment  and  examination  by 
mathematicians  of  the  first  rank 
down  to  the  present  day.  In 
letters  to  contemporaries  he  re- 
ferred to  many  of  these  dis- 
coveries, and  to  his  proofs,  which 
he  did  not  communicate.      Some 


of  these  proofs  seem  not  to  have 
satisfied  him,  being  deficient  in 
rigour.  In  spite  of  the  labours  of 
Euler,  Lagrange,  Cauchy,  Dirich- 
let,  Kummer,  and  others,  one  of 
these  theorems  still  awaits  proof. 
A  full  account  of  Fermat's  theorems 
is  given  in  Cantor's  '  Geschichte  der 
Mathematik,'  vol.  ii.  2nd  ed.,  p. 
773  sqg.  Also  in  W.  Rouse 
Ball's  '  History  of  Mathematics,' 
p.  260  sqq. 

^  Newton,     in     his     '  Universal 
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foremost  in  having  with  unrivalled  fertility  propounded 
theorems  which  were  as  difficult  to  prove  as  the 
manner  in  which  they  had  been  arrived  at  was  mysteri- 
ous. The  great  analytical  genius  of  Euler,  who  possessed 
unequalled  resources  in  the  solution  of  single  problems, 
spent  much  time  and  power  in  unravelling  the  riddles 
of  Fermat.  In  the  theory  of  equations  the  general 
solution  beyond  the  fourth  degree  baffled  the  greatest 
thinkers.  The  time  had  come  when  in  both  branches 
a  systematic  study  of  the  properties  had  to  be  at- 
tempted. This  was  done  for  the  theory  of  numbers  by 
Gauss,  for  that  of  equations  by  Abel.  Every  great 
step  in  advance  of  this  kind  in  mathematics  is  accom- 
panied by,  and  dependent  on,  skilful  abbreviations,  and 
an  easy  algorithm  or  mathematical  language.  An  as- 
semblage of  elements  held  together  by  the  simplest 
operations  or  signs  of  arithmetic  —  namely,  those  of 
addition  and  multiplication  —  is  much  easier  to  deal 
with  if  it  can  be  arranged  with  some  regularity,  and 
accordingly  methods  were  invented  by  which  algebraical 
expressions  or  forms  were  made  symmetrical  and  homo- 
geneous ;  ^  the  latter  property  signifying  that  each  term 


39. 
Symmetry. 


Arithmetic,'  gave  an  interesting 
theorem  by  which  the  number  of 
imaginary  roots  of  an  equation  can 
be  determined  ;  he  left  no  proof, 
and  the  theorem  was  discussed  by 
Euler  and  many  other  writers,  till 
at  last  Sylvester  in  1866  found  the 
proof  of  it  in  a  more  general 
theorem.  In  more  recent  times 
Jacob  Steiner  published  a  great 
number  of  theorems  referring  to 
algebraical  curves  (see  Crelle's 
'Journal,'  vol.  xlvii.)  which  have 
been  compared  by  Hesse  with  the 
"riddles  of  Fermat."  Luigi  Cre- 
mona succeeded  at  last  in  proving 


them     by    a    general     synthetical 
method. 

^  The  introduction  of  homogene- 
ous expressions  marks  a  great 
formal  advance  in  algebra  and 
analytical  geometry.  The  first  in- 
stance of  homogeneous  co-ordinates 
is  to  be  found  in  Mobius's  "  Bary- 
centric  Calculus  "  (1826),  in  which 
he  defined  the  position  of  any  point 
in  a  plane  by  reference  to  three 
fundamental  points,  considering 
each  point  as  the  centre  of  gravity 
of  those  points  when  weighted. 
"The  idea  of  co-ordinates  appears 
here  for  the  first  time  in  a  new 
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40. 
Determin- 
ants. 


contained  the  same  number  of  factors.  Such  forms 
could  be  written  down  on  the  pattern  or  model  of 
one  of  their  terms  by  simple  methods  of  exchange  or 
permutation  of  the  elements.  It  would  then  not  be 
necessary  to  write  down  all  the  terms  but  only  to  indicate 
them  by  their  elements,  these  also  being  abbreviated  by 
the  use  of  indices.  Eows  and  columns  or  arrangements 
in  squares  suggested  themselves  as  easy  and  otherwise 
well-known  artifices  by  which  great  masses  of  statistics 
and  figures  are  marshalled  and  controlled.  Out  of  these 
manifold  but  simple  devices  there  grew  an  algebra  of 
algebra,  a  symbol  for  denoting  in  a  very  general  way 
symmetrical  and  homogeneous  algebraical  expressions.^ 
Gauss  termed  such  expressions  Determinants :  they 
turned  up  in  his  *  Disquisitiones  Arithmetical '  as  they  had 
done  half  a  century  before  in  Cramer's  'Analyse  des  lignes 
courbes  algebriques.'     Just  as  common  fractions  can  be 


garb,  which  soon  led  to  a  more 
general  conception.  The  Bary- 
centric  co-ordinates  were  the  first 
instance  of  homogeneous  co-ordin- 
ates, .  .  .  and  already  with  Mobius 
the  advantages  become  evident 
through  the  symmetry  and  ele- 
gance of  his  formulae"  (Hankel, 
•Project.  Geom.,'  p.  22). 

^  Determinants  were  first  used 
by  Leibniz  for  the  purpose  of 
elimination,  and  described  by  him 
in  a  letter  to  the  Marquis  de 
l-Hospital  (1693).  The  importance 
of  his  remarks  was  not  recognised 
and  the  matter  was  forgotten,  to 
be  rediscovered  by  Cramer  in  the 
above-named  work  (1750,  p. 
657).  It  is  interesting  to  note 
that  the  same  difficulty  of  the 
process  of  elimination  induced 
Pliicker    to  resort    to   geometrical 


iute:  pretatiou  of  analytical  ex- 
pressions, and  that  whilst  he  "  saw 
the  main  advantage  of  his  method 
in  avoiding  algebraical  elimination 
through  a  geometrical  considera- 
tion, Hesse  showed  how,  through 
the  use  of  Determinants,  algebraical 
operations  could  receive  that  pliabil- 
ity the  absence  of  which  was  the 
reason  for  Pliicker  to  discard  it." 
(See  the  account  of  Clebsch's  work 
in  'Math.  Ann.,'  vol.  vii.  p.  13.) 
Through  this  invention  the  com- 
binatorial analysis,  which,  in  the 
hands  of  the  school  in  Germany, 
had  led  into  a  desert,  was  raised 
again  into  importance.  It  has  be- 
come still  more  important  since  the 
general  theory  of  forms  and  of 
groups  began  to  play  an  increasing 
part  in  modern  analysis. 


dealt  with  as  if  they  were  special  things  having  special 
properties,  though  the  latter  depend  only  on  the  pro- 
perties of  the  numbers  they  are  made  up  of  and  their 
mode  of  connection ;  as  powers  and  surds  are  separately 
examined;  so  the  arrangements  called  determinants  can 
be  subjected  to  a  special  treatment,  their  properties 
ascertained,  and  themselves  subjected  to  the  ordinary 
operations  of  arithmetic.  This  doctrine,  which  con- 
stitutes the  beginning  and  centre  of  the  theory  of 
algebraical  forms  or  "  quantics "  and  of  algebraical 
operations  or  "  tactics,"  was  pretty  fully  worked  out 
and  first  introduced  into  the  course  of  teaching  by 
Cauchy  in  France ;  then  largely  adopted  by  Jacobi  in 
Germany,  where  Otto  Hesse,  trained  in  the  ideas  of 
Pliicker,  first  showed  its  usefulness  in  his  elegant 
applications  to  geometry.  In  France  it  was  further 
developed  by  Hermite,  who,  together  with  Cayley  and 
Sylvester  in  England,  proclaimed  the  great  importance 
of  it  as  an  instrument  and  as  a  line  of  mathematical 
thought.^  In  the  latter  country  the  idea  of  abbrevi- 
ating and  summarising  algebraical  operations  had  become 
quite  familiar  through  another  device  which  has  not 
found   equal   favour   abroad  —  namely,  the  Calculus  of 


^  "For  what  is  the  theory  of 
determinants  ?  It  is  an  algebra 
upon  algebra ;  a  calculus  which 
enables  us  to  combine  and  foretell 
the  results  of  algebraical  opera- 
tions, in  the  same  way  as  algebra 
enables  us  to  dispense  with  the  ! 
performance  of  the  special  opera- 
tions of  arithmetic.  All  analysis 
must  ultimately  clothe  itself  under  [ 
this  form."  In  this  connection 
Sylvester  ('Phil.  Mag.,'  1851,  Apl., 


p.  301)  refers  to  Otto  Hesse's 
"  problem  of  reducing  a  cubic 
function  of  three  letters  to  another 
consisting  only  of  four  terms  by 
linear  substitutions  —  a  problem 
which  appears  to  set  at  defiance  all 
the  processes  and  artifices  of  com- 
mon algebra,"  as  "perhaps  the 
most  remarkable  indirect  question 
to  which  the  method  of  determin- 
ants has  been  hitherto  applied." 
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41. 

Calculus  of 


Operations,  the  idea  of  treating  algebraical  operations 
Operations,  and  their  symbols  as  quantities,  and  of  subjecting  them 
to  arithmetical  treatment  separately  from  the  mate- 
rial operated  on.  The  genius  of  Arthur  Gayley  was 
specially  fertile  in  this  direction,  as  was  that  of 
Sylvester  in  the  nomenclature  or  language  of  the 
doctrine  of  forms. ^  The  merit,  however,  of  having 
brought  together  the  new  ideas  which  emanated  from 
the  schools  of  Poncelet  and  Chasles  in  France,  of  Cayley 
and  Sylvester  in  England,  into  a  connected  doctrine,  and 
of  having  given   the   impetus   to   the   fundamental   re- 


^  The  theory  of  invariants  was 
gradually  evolved  from  many  inde- 
pendent beginnings.  In  1864  Syl- 
vester wrote  ('  Phil.  Trans.,'  p. 
579),  "  As  all  roads  are  said  to  lead 
to  Rome,  so  I  find,  in  my  own  case 
at  least,  that  all  algebraical  in- 
quiries, sooner  or  later,  end  at  the 
Capitol  of  Modern  Algebra,  over 
whose  shining  portal  is  inscribed 
the  Theory  of  Invariants."  About 
the  same  time  (1863)  Aronhold  de- 
veloped the  principal  ideas  which 
lay  at  the  foundation  of  the  theory 
in  organic  connection  and  in  com- 
plete generality,  hereby  domiciling 
in  Germany  the  doctrine  which  had 
previously  owed  its  development 
mainly  to  English,  French,  and 
Italian  mathematicians  (see  Meyer, 
*Bericht,'  &c.,  p.  95).  The  differ- 
ent roads  which  Sylvester  refers  to 
can  be  traced,  first,  in  the  love  of 
symbolic  reasoning  of  Boole,  who 
was  **one  of  the  most  eminent  of 
thof»e  who  perceived  that  the  sym- 
bols of  operation  could  be  separated 
from  those  of  quantity  and  treated 
as  distinct  objects  of  calculation, 
his  principal  characteristic  being 
perfect  confidence  in  any  result 
obtained  by  the  treatment  of  sym- 
bols    in     accordance     with     their 


primary  laws  and  conditions,  and 
an  almost  unrivalled  skill  and 
power  in  tracing  out  these  results  " 
(Stanley  Jevons  in  article  "  Boole," 
*  Ency.  Brit.') ;  secondly,  in  the 
independent  geometrical  labours  of 
Hesse  in  Germany  (whose  mathe- 
matical training  combined  Pliicker's 
and  Jacobi's  teaching)  and  Dr 
Salmon  in  Dublin  (who,  after 
having  transplanted  Poncelet  and 
Chasles  to  British  soil,  recog- 
nised the  importance  of  Cay  ley's 
and  Sylvester's  work,  and  in- 
troduced in  the  later  editions  of 
his  text  -  book  modern  algebraical 
methods) ;  thirdly,  in  the  independ- 
ent investigations  belonging  to  the 
theory  of  numbers  of  Eisenstein  in 
Germany  and  Hermite  in  France. 
In  full  generality  the  subject  was 
taken  up  and  worked  out  by  Syl- 
vester in  the  *  Cambridge  and 
Dublin  Mathematical  Journal ' 
(1851-54),  and  by  Cayley  in  the 
first  seven  memoirs  upon  Quantics 
(1854-61),  which  "in  their  many- 
sidedness,  together  with  the  ex- 
haustive treatment  of  single  cases, 
remain  to  the  present  day,  for  the 
algebraist  as  well  as  for  the  geo- 
metrician, a  rich  source  of  dis- 
covery"  (Meyer,  loc.  cit.,  p.  90). 


modelling  of  the  text-books  and  school-books  of  algebra 
and  geometry  in  this  country  and  in  Germany,  belonc^s 
undeniably  to  Dr  Salmon  of  Dublin.^  The  conception  of 
a  form — be  this  geometrical  or  algebraic — suggests  the 
investigation  of  the  change,  the  recurrence  of  forms. 
How  do  forms  under  the  process  of  geometrical  or 
algebraical  manipulation  alter  or  preserve  their  various 
properties  ?  The  processes  of  projection  practised  by 
Monge,  Poncelet,  and  Chasles  in  France  had  already 
led  to  a  distinction  between  descriptive  and  metrical 
properties  of  geometrical  figures.  A  corresponding  ex- 
amination of  algebraical  forms,  which  are  all  capable  of 
geometrical  representation  or  interpretation,  would  lead 
to  the  extensive  and  fundamental  doctrine  of  the  in- 
variants of  these  forms — i.e.,  of  such  arrangements  of 
the  elements  as  remain  absolutely  or  proportionally  un- 
altered during  the  processes  of  change  and  combination.. 
Notably  instead  of  the  geometrical  process  of  projection 
by  central  perspective  we  may  employ  in  our  algebraic 
formula  a  corresponding  process,  that  which  is  known  as 
linear  substitution.  And  at  the  time  when  it  was 
recognised    that    geometrical     transformation     had    its 


^  Of  Dr  Salmon,  whose  'Les- 
sons introductory  to  the  Modern 
Higher  Algebra '  appeared  in  1859 
(4th  ed.,  1855  ;  1st  German  ed.  by 
Fiedler,  1863),  Meyer  says  :  ''Re- 
cognising how  the  special  results 
in  this  domain  gradually  acquired 
a  considerable  bulk,  we  must  the 
more  gratefully  acknowledge  the 
work  of  Salmon— who  had  already, 
in  the  direction  of  algebra  as  well  as 
of  geometry,  furnished  valuable  con- 
tributions of  his  own— in  under- 
taking the  labour  of  collecting  the 


widely-scattered  material  in  a  con- 
cise monograph.  For  the  promulga- 
tion in  Germany  we  have  to  thank 
Fiedler  both  for  his  edition  of 
Salmon,  and  for  having  already 
given  an  independent  introduction 
to  the  subject,  in  which  especially  he 
made  Cayley 's  applications  to  pro- 
jective geometry  generally  access- 
ible. About  the  same  time  (1862) 
there  appeared  likewise  an  edition 
by  Brioschi,  which  gained  many  ad- 
herents for  the  theory  of  Invariants 
in  Italy." 
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42. 

Principle  of 
substitu- 
tion. 


counterpart  in  the  transformation  of  algebraical  forms 
by  the  processes  of  substitution,  these  latter  had 
already  been  extensively  studied  for  their  own  sakes  in 
the  theory  of  algebraical  equations,  which  in  the  first 
quarter  of  the  century  had  undergone  a  great  develop- 
ment under   the   hands   of   two   brilliant   mathematical 

-the 


age- 


talents    both    lost    to    science    at    an    early 
Norwegian  Abel  and  the  Frenchman  ilvariste  Galois.^ 
Like  all  algebraical   expressions,  those  termed  equa- 
tions were  originally  invented  and  commanded  attention 


1  Evariste  Galois  is  held  to  have 
been  one  of  the  greatest  mathema- 
tical geniuses  of  modern  times,  who, 
if  he  had  lived,  might  have  been  a 
rival  of  Abel :  he  was  born  in  1811, 
and  died  before  he  was  twenty-one, 
in  consequence  of  a  duel.     For  a 
long  time  his  writings  remained  un- 
published and  unknown,  till  Liou- 
ville  published  them  in  the  11th  vol. 
of  his  'Journal'  (1846).     Liouville 
was  also  the  first  to  recognise  the 
importance  and  absolute  correctness 
of  Galois's  method,  which,  when  sub- 
mitted to  the  Academy  in  the  year 
1831,  and  reported  on  by  Lacroix 
and  Poisson,  had  appeared  almost 
unintelligible.      On  the  eve  of  his 
death  Galois  addressed  a  letter  to 
his  friend  Auguste  Chevalier,  which 
is  a  unique  document  in  mathema- 
tical literature,  forming  a  kind  of 
mathematical    testament.     He   de- 
sires  this   letter    to   be   published 
in    the    '  Revue    Encyclopedique,' 
referring    publicly    the    "import- 
ance," not  the  "correctness,"  of  his 
discoveries    to    the    judgment    of 
Jacobi  and  Gauss,  and  expressing 
the  hope  that  some  persons  would 
be    found    who    would    take    the 
trouble  to  unravel  his  hieroglyphics. 
The  first  attempt  to  make  Galois's 
ideas  generally  accessible  is  to  be 
found  in  Serret's  '  Algebre  Superi- 
eure'  (3rd  ed.,  1866),   but  it  was 


not   till    after   the    publication   of 
Camille     Jordan's     'Theorie     des 
Substitutions'     (1870)     that     the 
short  papers  of  Galois  were  recog- 
nised as  containing  the  germs  and 
beginnings  of  an  entirely  novel  and 
comprehensive  mathematical  theory 
— viz.,   the  "Theory    of   Groups." 
The  relation  between  the  writings 
of  Abel  and  Galois  is  exhaustively 
treated  in  Prof.  Sylow's  Paper  ou 
Abel's  work,  contained  in  the  '  Me- 
morial  Volume,'  1892,  p.  24.     He 
there  says  :    "  Le  merite  de  Galois 
ne  consiste  pas  essentiellement  dans 
ses  propositions,  mais  dans  la  gen^r- 
alite  de  la  methode  qu'il  appliqua. 
C'est  son  admirable  th^oreme  fonda- 
mental  qui  a   donne   a   la   theorie 
des  Equations  sa  forme  definitive, 
et  d'oii  est  sortie,  en  outre,  la  theorie 
des    groupes    generalisee,    qui    est 
d'une  si  grande  importance,  on  peut 
le  dire,  pour  toutes  les  branches  des 
mathematiques,  et  qui  deja,  entre 
les  mains  de  Jordan,  de  Klein,  de 
Lie,  de  Poincare  et  d'autres,  a  en- 
richi  la  science  d'une  longue  suite 
de  decouvertes  importantes."    The 
memoirs   of   Abel    and   Galois   re- 
ferring to  the  Theor}^  of  Equations 
have  been  conveniently  edited,  in  a 
German  translation,  by  H.  Maser, 
1889.     See  also  Cay  ley's  article  on 
"Equation"  in  the  '  Ency.  Brit.,' 
§  32. 


as  instruments  or  devices  for  the  solution  of  definite 
problems  in  arithmetic,  geometry,  and  mechanics.  The 
solution  of  the  equation — i.e.,  the  expression  of  the  un- 
known quantity  in  terms  of  the  known  quantities — 
served  a  practical  end.  Gradually  as  such  solutions  be- 
came more  and  more  difficult,  owing  to  the  complexity  of 
the  formulae,  the  doctrine  divided  itself  into  two  distinct 
branches,  serving  two  distinct  interests.  The  first,  and 
practically  the  more  important  one,  was  to  devise  methods 
by  which  in  every  single  case  the  equations  which 
presented  themselves  could  be  solved  with  sufficient 
accuracy  or  approximation;  this  is  the  doctrine  of  the 
numerical  solution  of  equations.  The  other  more  scien- 
tific branch  looked  upon  equations  as  algebraical  ar- 
rangements of  quantities  and  operations  which  possessed 
definite  properties,  and  proposed  to  investigate  these 
properties  for  their  own  sake.  The  question  arose, 
How  many  solutions  or  roots  an  equation  would  admit  of, 
and  whether  the  expression  of  the  unknown  quantity  in 
terms  of  the  known  quantities  was  or  was  not  possible 
by  using  merely  such  operations  as  were  indicated  by 
the  equation  itself — Le.,  the  common  operations  and  the 
ordinary  numbers  of  arithmetic  ?  This  doctrine  of  the 
general  properties  of  equations  received  increasing  atten- 
tion  as   it    became   empirically    known   that    equations       43. 

■^  "^  ^  General 

beyond  the   fourth   degree  could   not  be  solved  in  the  solution  of 

"  equations. 

most  general  form.^     Why   could   they  not   be  solved. 


^  Since  the  researches  regard- 
ing the  solubility  of  Equations 
have  led  on,  through  Galois  and 
the  French  analysts,  to  the  same 
line  of  reasoning  as  other  re- 
searches   mentioned     before — viz., 


toward  the  development  of  the 
theory  of  groups — the  history  of 
the  whole  subject  has  aroused 
special  interest.  The  earlier  be- 
ginnings and  the  labours  of  for- 
gotten   analysts    have     been    un- 
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and  what  were  the  conditions — i.e.,  the  special  proper- 
ties  of  an  equation  which  rendered  it  soluble  ?     These 

were  some  of  the  questions  wliich  the  great  mathe- 
maticians, such  as  Gauss,  Abel,  and  Galois,  placed  before 
themselves  during  the  earlier  part  of  the  century.  There 
are  other  unsolved  problems  which  the  nineteenth  cen- 
tury inherited  from  preceding  ones,  where  the  same  line 
of  reasoning  was  adopted — i.e.,  where  the  question  was 
similarly  reversed.  Instead  of  trying  to  solve  problems 
as  yet  unsolved,  it  was  proposed  to  prove  their  general 
insolubility,  and  to  show  the  reason  of  this;  also  to 
define  the  conditions  which   make  a   solution  possible. 


earthed  and   placed   in   their   cor- 
rect  historical    perspective.     Prof. 
Burkhardt  of  Gottingen,  to  whom 
we  also   owe  the  chapter   on   this 
subject  in  the  first  volume  of  the 
'  Encyklopiidie,'  &c.,  contributed  in 
the  year  1892  a  most  interesting 
historical  paper,  "  Die  Anfange  der 
Gruppentheorie  und  Paolo  Ruffini  " 
('Abhandl.  zur  Gesch.  der  Math.,' 
6    Heft).      In   this   paper   he   also 
goes  back  to  other  earlier  analysts, 
among  them  Prof.  Waring  of  Cam- 
bridge, who  during  his  lifetime  used 
to  complain  that  he  knew  of  no  one 
who  read  his  mathematical  tracts. 
It  appears  that  during  nearly  the 
last  thirty  years  of  the  eighteenth 
century  nothing  had  been  added  re- 
garding the  general  theory  of  equa- 
tions, and  that  Ruffini  was  the  first 
to  begin  a  new  epoch  in  the  year 
1799,  with  the  distinct  assertion  that 
a  general  solution  of  algebraic  equa- 
tions beyond  the  fourth  degree,  by 
means  of  radicals,  was  impossible, 
and  with  an  attempt  to  prove  this. 
His  researches  were  therefore  con- 
temporaneous with  those  of  Gauss, 
who   published   hia   'Dissertation' 
(see  note  p.  644)  in  the  same  year, 
and    his    great    arithmetical   work 


in    1801.     Although    Gauss   seems 
to  have  arrived  at  the  same  con- 
clusion, and  perhaps  even  to  have 
anticipated  much  later  attempts  to 
solve  thegeneral  equation  of  the  fifth 
degi-ee   by   other   than   algebraical 
operations  (see  Sylow,  loc.  cit,  p. 
16),  his  published  researches  rather 
took   the   line   of  the   study   of  a 
definite  class  of   soluble  equations 
which    were   connected    with    the 
celebrated  problem  of  the  division 
of  the  circle  ;  a  satisfactory  proof  of 
Ruffini's  statement  being  withheld 
till  Abel  published  his  celebrated 
memoir  in  the  year  1825  in  the  first 
volume  of  Crelle's  *  Journal.'     ^Vith 
this  memoir  the  theory  of  equations 
entered     a     new     phase,    towards 
which  the  labours  of  Ruffini  were 
preparatory.     As  in  so  many  other 
cases,  so    also    in    this,  the    solu- 
tion of  the  problem  depended  upon 
stricter    definitions    of    what    was 
meant  by  the  solution  of  an  equa- 
tion,   and    by    "algebraical"    and 
other  ("transcendental")  functions 
and    operations.     We    know    that 
both  Abel  and  Galois  began  their 
research  by  futile  attempts  to  find 
a  solution  of  the  general  equation 
of  the  fifth  degree. 
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In  following  this  altered  course  of  investigation,  an 
enormous  amount  of  mathematical  knowledge  was  gained, 
and  problems  were  solved  which  had  previously  never 
been  thought  of.  Especially  through  the  theory  of  equa- 
tions the  abstract  doctrine  of  algebraical  forms  was 
created  and  greatly  advanced  long  before  it  was  gener- 
ally  recognised  that  it  had  peculiar  importance  through 
the  correspondence  or  parallelism  which  existed  be- 
tween algebraical  expressions  and  geometrical  con- 
figurations. 

Out  of  these  earlier  algebraical  and  later  combined  al-       44. 
gebraical  and  geometrical  investigations,  a  novel  and  very  ^oupr^ 
useful  point  of  view  has  been  gradually  gained  which 
represents  the  most  general  conception  of  mathematical 
tactics.     This  centres  in  the  notion  of  a  group  of  ele- 
ments.      These   elements   may  be   quantities   or   opera- 
tions, so  that  the  theory  of  Groups  embraces  not  only 
the  doctrines  which  deal  with  quantities  but  also  those 
which  deal  with  arrangements  and  their  possible  changes. 
The    older    combinatorial    analysis    dealt    mainly    with 
assemblages  of  a   quantity  of   separate   elements,   their 
number,   their   variety:    the   modern   theory   of   groups 
deals  rather  with  the  processes  and  operations  by  which 
different  arrangements  can  be  transformed  one  into  the 
other.     It  is  an  algebra  of   operations.      The   methods 
of   transformation  which  presented   themselves   first  of 
all  were  the  methods  known  in  algebra  as  substitution. 
Accordingly    the    first    comprehensive    treatise    on    the 
theory  was  the  '  Treatise  on  Substitutions,'  published  in 
1870  by  M.  Camille  Jordan.     This  book  forms  a  land- 
mark in  modern  mathematics ;  it  brought  into  a  system 
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the  beginnings  of  the  new  and  comprehensive  calciihis 
of  operations  which  were  contained  in  the  writings  of 
Lagrange,  Abel,  Cauchy,  and  Galois,  and  established  the 
terminology  and  the  algorithm.  A  group  of  substitu- 
tions is  defined  as  having  the  property  that  each  two  or 
more  operations  belonging  to  it  and  successively  applied 
can  be  replaced  by  another  single  operation  contained  in 
the  same  group.  Succeeding  operations  are  symbolically 
represented  by  the  product  of  two  or  more  letters.  This 
product  has  certain  algebraical  properties,  and  in  analogy 
with  common  products  it  has  factors,  a  degree,  an  index ; 
the  substitution  may  be  cyclical  and  symmetric,  and  may 
have  many  other  remarkable  properties  which  tlie  theory^ 


1  The  "Theory  of  Groups''  has 
now  grown  into  a  very  extensive 
doctrine  which,  according  to  the  late 
Prof.  Marius  Sophus  Lie  (1842-99), 
is  destined  to  occupy  a  leading  and 
central  position  in  the  mathemati- 
cal science  of  the  future.  "The 
conception  of  Group  and  Invariant 
was  for  him  not  only  a  methodical 
aspect  from  which  he  intended  to 
review  the  entire  older  region  of 
mathematics,  but  also  the  element 
which  was  destined  to  permeate 
and  unify  the  whole  of  mathemati- 
cal science"  (M.  Nother,  'Math. 
Ann. ,'  vol.  liii.  p.  39).  But  though  it 
is  an  undoubted  fact  that  the  largest 
systematic  works  on  the  subject 
emanate  from  that  great  Norwegian 
mathematician,  and  that  his  ideas 
have  won  gradual  recognition, 
especially  on  the  part  of  prominent 
French  mathematicians,  notably 
M.  Picard  ('Traits  d'Analyse,' 
1896,  vol.  iii.)  and  M.  Poincar^, 
the  epoch  -  making  tract  which 
pushed  the  novel  conception  into 
the  foreground  was  Prof.  F. 
Klein's  *  Erlangen  Programme ' 
(1872),     entitled     "  Vergleichende 


Betrachtungen    iiber    neuere    geo- 
metrische  Forschungen. "     To  those 
who  read    and   re-read    this   short 
but  weighty  treatise,  it   must  in- 
deed have  been   like  a  revelation, 
opening  out  entirely  new  avenues 
of  thought  into  which  mathematical 
research  has  been  more  and  more 
guided  during  the  last  generation. 
The   tract,    which    has    now    been 
translated   into  all   the   important 
modern  languages,  remained  for  a 
long  time  comparatively  unnoticed, 
and,  twenty  years  after  its  publica- 
tion, was  reprinted  by  the  author 
in  the  43rd  volume  of  the  *  Math. 
Anualen,'  with  some  introductory 
remarks  which  indicate  the  changes 
that  had   taken   place   in   the    in- 
terval as  regards  the  scope  of  the 
idea.     The  main  result  of  the  dis- 
sertation is  this  :  That,  primarily, 
for  all  geometrical   investigations, 
the  characteristic  properties  of  any 
manifold  (or  arrangement)   is  not 
the  element  out  of  which  it  is  com- 
posed, but  the  group,  the  transfor- 
mations of  which  reveal  its  invarian- 
tive  properties.     There  are,  accord- 
ingly, as   many  different  ways  of 
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of  groups  investigates.  Its  immediate  application,  and 
the  purpose  for  which  it  was  elaborated,  was  the  theory 
of  Equations.  Every  equation  constitutes  an  arrange- 
ment in  which  a  finite  number  of  independent  elements, 
called  constants  or  coefficients,  is  presented  under  a 
certain  algebraical  form.  The  solution  of  the  equation 
means  the  finding  of  such  an  arrangement  as  when 
substituted  in  the  equation  for  the  unknown  quantity, 
will  satisfy  the  equation. 

The  conception  of  a  group  of  operations  standing  in 
the   defined    relations   is,   however,  capable  of  a  great 
and  fundamental  extension  into  that  region  of  mathe- 
matics which  deals,  not  with  fixed  or  constant,  but  with 
variable  or  flowing  quantities ;  not  with  elements  which       45. 
are  disconnected  or  discontinuous,  but  with  such  as  are  ^TaT 
continuous.     To  understand  the  development  of  modern  g'oups!'"' 
mathematical  thought,  it  is  accordingly  necessary  to  go 
back    somewhat   and    review    the    progress    which    the 


studying  any  manifold  (e.g.,  such  as 
projective  geometry,  line  geometry, 
geometry  of  reciprocal   radii,  Lie's 
sphere    geometry,    analysis    situs, 
&c.)  as  there  are  continuous  groups 
of    transformations    that    can     be 
established  ;  and  there  are  as  many 
invariant  theories  (see  'Ency.  Math. 
Wiss.,' vol.  ii.p.  402 ;  NOther, Zoc.  cit., 
p.  22).     From  that  date  onward  the 
different  kinds  of  groups  have  been 
defined  and  systematically  studied, 
notably  by  Klein  and  Lie  and  their 
pupils.     In  this  country,  although 
many  of  the   relevant  ideas  were 
contained  in  the  writings   notably 
of    Cayley   and    of    Sylvester,    the 
systematic  treatment  of  the  subject 
was  little   attended  to  before   the 
publication   (1897)  of  Prof.  Burn- 


side's  '  Theory  of  Groups  of  Finite 
Order,'  and  latterly  of  his  article 
on  the  whole  Theory  of  Groups  in 
the  29th  volume  of  the  *  Ency.  Brit. ' 
It  has  been  remarked  by  those  who 
have  studied  most  profoundly  the 
development    of    the    two    great 
branches   of    mathematical    tactics 
—viz.,  "  The  Theory  of  Invariants  " 
and  the  "  Theory  of  Groups  "—that 
the  progress  of  science  would  have 
been   more    rapid   if   the    English 
school  had  taken  more  notice  of  the 
general    comprehensive    treatment 
by  Lie,  and  if  Lie  himself  had  not 
refrained  from  entering  more  fully 
into   the   special   theories   of   that 
school  (see  Dr  F.  Meyer,  *  Bericht,' 
&c.,  p.  231). 
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conception  of  the  variable  ^  has  undergone  in  the  course 
of  the  last  hundred  years.  Here  we  come  upon  a 
term  which  was  introduced  into  mathematical  language 
mainly  through  the  writings  of  Euler — the  term 
function.  It  is  used  to  denote  the  mathematical 
dependence  of  two  or  more  variable  quantities  on  each 


^  To  the  theory  of  equations  in 
algebra     there     corresponds     the 
theory  of  differential  equations  in 
analysis ;    and    as    the    theory    of 
algebraical  equations  had  gradually 
emerged  in  a  complete  form  out  of 
investigations  of  special  equations, 
or  sets  of  equations,  so  likewise  in 
analysis  a  general  theory  of  differ- 
ential equations  is  gradually  being 
evolved  out  of   the   scattered   and 
very    extensive     investigations     of 
special  differential  equations  virhich 
presented    themselves    notably    in 
the  application  of  analysis  to  astro- 
nomical and  physical  problems.     It 
is    claimed     by    those    who    have 
grasped     the     abstract     ideas     of 
Sophus  Lie,  that  he  has   taken   a 
great  step  forward  in  the  direction 
of  a  general  theory  of   differential 
equations,    by    applying    methods 
which  suggested  themselves  to  him 
through  the  general  theory  of  alge- 
braic forms  and  its  connection  with 
geometry.      Accordingly,    the   the- 
ories   of    Lie    can    be    termed    an 
algebraical    theory    of    differential 
equations,    depending   upon   trans- 
formations    analogous     to     those 
which  had  been  established  in  the 
general  theory  of  forms  or  quantities 
of  which  I  treated   above.      Prof. 
Engel,   in    his  obituary   notice    of 
Sophus  Lie  ('  Deutsche  Math.  Ver.,' 
vol.  viii.  p.  35),  tells  us  that  in  the 
year  1869-70,  when  Lie  met  Prof. 
Klein    in    Berlin,    the   former   was 
occupied  with  certain  partial  differ- 
ential equations   which    exhibited, 
under  certain  transformations,  in- 
variantive  properties,  and  that  Klein 


then  pointed  out  "that  his  pro- 
cedure had  a  certain  analogy  with 
the  methods  of  Abel.  The  sug- 
gestion of  this  analogy  became  im- 
portant for  Lie,  as  he  was  generally 
intent  upon  following  up  more 
closely  the  analogies  with  the 
theory  of  algebraical  equations." 
Dr  H.  F.  Baker,  in  his  recent  article 
on  Differential  Equations  in  the 
'Ency.  Brit.'  (vol.  xxvii.  p.  448), 
roughly  distinguishes  two  methods 
of  studying  differential  equations, 
which  he  names  respectively 
*'  transformation  theories "  and 
"function  theories,"  "the  former 
concerned  to  reduce  the  algebraical 
relation  to  the  fewest  and  simplest 
forms,  eventually  with  the  hope  of 
obtaining  explicit  expressions  of 
the  dependent  in  terms  of  the 
independent  variables ;  the  latter 
concerned  to  determine  what  gen- 
eral descriptive  relations  among 
the  quantities  are  involved  by  the 
differential  equations,  with  as  little 
use  of  algebraical  calculations  as 
may  be  possible."  For  the  history 
of  thought  and  connection  of  ideas, 
it  is  interesting  to  learn,  through 
Prof.  Engel,  that  it  was  not  purely 
algebraical  work, — such  as  is  rep- 
resented by  Galois  and  Jordan, 
to  which  Lie  was  early  intro- 
duced by  Prof.  Sylow, — but  the 
study  of  Poncelet's  and  Pliicker's 
methods  which  led  Lie  to  his 
original  conceptions,  and  that  he 
was  fond  of  calling  himself  a  pupil 
of  Pliicker,  whom  he  had  never 
seen  (Engel,  loc.  cit.y  p.  34). 
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other.  The  question  arises,  What  are  we  to  under- 
stand under  this  term?  What  is  a  mathematical 
function  or  dependence  ?  The  question  was  approached 
by  the  great  analysts  of  the  second  half  of  the 
eighteenth  century.  A  preliminary  answer  which  served 
the  requirements  of  a  very  wide  field  of  practical 
application  was  given  by  Fourier  at  the  beginning  of 
the  nineteenth  century.  Since  that  time  the  question 
has  been  independently  treated  by  two  schools  of 
Continental  mathematicians.  Of  these  the  first  was 
founded  by  Cauchy  in  France,  and  is  mainly  represented 
by  Bernhard  Eiemann  and  his  numerous  pupils  in 
Germany;  the  other  centres  in  the  Berlin  school, 
headed  by  Weierstrass,  and  goes  back  to  the  work 
of  Lagrange. 

The  interests  which  have  led  to  this  modern  branch       46. 

Theory  of 

of   mathematical    research  ^    are    various,    but    we    can  functions. 


The  literature  suitable  for  intro- 
ducing the  student  of  mathematics 
to  the  modern  theory  of  functions 
— which  plays  in  analysis,  i.e.,  the 
doctrine  of  variable  quantity,  a 
part  of  similar  importance  to  that 
which  the  theory  of  forms  plays  in 
algebra — is  so  enormous,  the  sub- 
ject being  approached  from  so 
many  sides  by  different  writers, 
that  it  seems  worth  while  to  refer 
to  two  expositions  which  may  be 
read  with  profit,  and  which  do 
not  require  extensive  mathematical 
knowledge.  First  and  foremost  I 
would  recommend  Cayley's  article 
on  "  Functions  "  in  vol  ix.  of  the 
*Ency.  Brit.'  Then  there  is  the 
chapter  on  "Foundations  of  the 
General  Theory  of  Functions,"  con- 
tained in  the  2nd  volume  of  the 
German  *  Mathematical  Encyclo- 
pedia,'  written   by   Prof.    Prings- 


heim.     Cayley's  article  introduces 
the    general    theory    after    giving 
a    short     summary    of    the    more 
important     "  known "     functions, 
including    those   which    presented 
themselves    in    the    first    half    of 
the  nineteenth  century,  and  which 
I    referred     to     in     dealing    with 
the  work  of  Abel  and  Gauss  (see 
note,  p.  648).     The  treatment  of 
these   latter  functions,  which  had 
been  brought  to  a  certain  degree  of 
perfection  by  Jacobi,  had  made  it 
evident  that  more  general  aspects 
had    to    be    gained    and    broader 
foundations   laid.     But  ever  since 
the     middle    of    the     eighteenth 
century    another    development   of 
mathematical  ideas  had  been  soing 
on  which  started   from   the   solu- 
tion of  a  problem  in  mathematical 
physics — namely,  that  of  vibrating 
strings,  which  led  in  the  sequel  to 
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distinguish  two  which  are  very  prominent,  and  are 
roughly  represented  by  the  two  schools  just  referred 
to.  In  the  first  place,  a  function  can  be  formally 
defined  as  an  assemblage  of  mathematical  symbols, 
each  of  which  denotes  a  definite  operation  on  one 
or  more  quantities.  These  operations  are  partly  direct, 
like  addition,  multiplication,  &c. ;  partly  indirect  or 
inverse,  like  subtraction,  division,  &c.  Now,  so  far 
as  the  latter  are  concerned,  they  are  not  generally  and 
necessarily  practicable,  and  the  question  arises,  When 
are  they  practicable,  and  if  they  are  not,  what  mean- 
ino-  can  we  connect  with  the  mathematical  symbol  ? 
In  this  way  we  arrive  at  definitions  for  mathematical 
functions  which  cannot  immediately  be  reduced  to  the 
primar}^  operations  of  arithmetic,  but  which  form  special 
expressions  that  become  objects  of  research  as  to  their 
properties  and  as  to  the  relation  they  bear  to  those 
fundamental  operations  upon  which  all  our  methods  of 
calculation  depend.  The  inverse  operations,  represented 
by  negative,  irrational,  and  imaginary  quantities ;  further, 
the  operations   of    integration   in   its   definition   as   the 


a  certain  finality  when  Fourier 
introduced  his  well-known  series 
and  integrals,  by  which  any  kind 
of  functionality  or  mathematical 
dependence,  such  as  physical  pro- 
cesses seem  to  indicate,  could  be 
expressed.  The  work  of  Fourier, 
which  thus  gave,  as  it  were,  a  sort 
of  preliminary  specification  under 
which  a  large  number  of  problems 
in  physical  mathematics  could  be 
attacked  and  practically  solved, 
together  with  the  stricter  defini- 
tions introduced  by  Lejeune  Dir- 
ichlet,  settled  for  a  time  and  for 
practical  purposes  the  lengthy  dis- 
cussions   which    had    begun   with 


Euler,  Daniel  Bernoulli,  d'Alem- 
bert,  and  Lagrange.  The  above- 
named  chapter,  written  by  Prof. 
Pringsheim,  gives  an  introduction 
to  the  subject  showing  the  historical 
genesis  of  the  conception  of  function 
and  the  various  changes  it  was  sub- 
jected to,  and  then  proceeds  to 
expositions  and  definitions  mostly 
taken  from  the  lectures  of  Weier- 
strass  (see  p.  8),  whereas  Cayley's 
article  introduces  us  to  the  elements 
of  the  general  theory  of  functions 
as  they  were  first  laid  down  by 
Riemann  in  the  manner  now  com- 
monly accepted. 
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inverse  of  differentiation, — led  early  to  investigations  of 
the  kind  just  mentioned.     The  experience  that  ordinary 
fractions  might  be  expressed  by  decimal  fractions — i.e., 
by  finite  or  infinite  series — led  to  the  inverse  problem 
of   finding    the    sum   of    such    series    and    many    other 
answerable  and  apparently  unanswerable  problems.    The 
older    method  of   research    consisted   in   treating    these 
problems  when  and  as  they  arose:  new  chapters  were 
accordingly    added    to    the    existing    chapters    of    the 
text-books,   dealing   with    special    functions    or    mathe- 
matical expressions.     It  was   only  towards  the  end  of 
the   eighteenth    century,   and   at   the  beginning  of    the 
nineteenth,  that  Lagrange,  Gauss,  and  Cauchy  felt  and 
proclaimed  the  necessity  of  attacking  the  question  gener- 
ally  and   systematically;    the  labours  of  Euler  having 
accumulated  an  enormous  mass  of  analytical  knowledcre, 
a  great  array  of  useful  formulas,  and  amongst  them  not 
a  few  paradoxes  which  demanded  special  attention.     I 
have  already  had    occasion  to  refer  to  the  problem  of 
the  general  solution  of  equations  as  an  instance  where, 
in  the  hands  of  Abel,  the  tentative  and  highly  ingenious 
attempts  of  earlier  analysts  were  replaced  by  a  method- 
ical   and    general    treatment    of    the    whole    question. 
Another  chapter  of  higher  mathematics,  the  investiga- 
tion of  expressions  which   presented  themselves  in  the 
problems  of  finding  the  length  of  the  arc  of  an  ellipse, 
and  which  opened  the  view  into  the  large  province  of  the 
so-called  higher  transcendents,  gave  Abel  further  occasion 
of    laying    new   foundations  and   of  creating  a  general 
theory  of  equations  or  of  forms. 

But  yet  another  interest  operated  powerfully  in  the 
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47. 

Physical 
analogies. 


direction  of  promoting  these  seemingly  abstract  re- 
searches. Nature  herself  exhibits  to  us  measurable 
and  observable  quantities  in  definite  mathematical  de- 
pendence ;  ^  the  conception  of  a  function  is  suggested  by 
all  the  processes  of  nature  where  we  observe  natural 
phenomena  varying  according   to   distance   or  to   time. 


*  Nearly  all  the  "  known  "  func- 
tions have  presented  themselves  in 
the  attempt  to  solve  geometrical, 
mechanical,  or  physical  problems, 
such  as  finding  the  length  of  the 
arc  of  the  ellipse  (elliptic  func- 
tions) ;  or  answering  questions  in 
the  theory  of  attraction  (the  poten- 
tial function  and  other  functions, 
such  as  the  functions  of  Legendre, 
Laplace,  and  Bessel,  all  comprised 
under  the  general  term  of  "har- 
monic functions").  These  func- 
tions, being  of  special  import- 
ance in  mathematical  physics,  were 
treated  independently  before  a 
general  theory  of  functions  was 
thought  of.  Many  important  pro- 
perties were  established,  and 
methods  for  the  numerical  evalu- 
ation were  devised.  In  the  course 
of  these  researches  other  functions 
occurred,  such  as  Euler's  ''Gam- 
ma"  function  and  Jacobi's  *"  Theta  " 
function,  which. possessed  interest- 
ing analytical  properties.  These 
functions,  suggested  directly  or 
indirectly  by  applications  of  analy- 
sis, did  not  always  present  them- 
selves in  a  form  which  indicated 
definite  analytical  processes,  such 
as  processes  of  integration  or  the 
summation  of  series.  Very  fre- 
quently they  presented  themselves, 
not  in  an  "explicit"  but  in  an 
"implicit"  form;  their  properties 
being  expressed  by  certain  condi- 
tions which  they  had  to  fulfil.  It 
then  remained  a  question  whether 
a  definite  symbol,  indicating  a 
set  of  analytical  operations,  could 
be   found.     This   arises    from  the  | 


fact  that  the  solution  of  most  prob- 
lems in  mechanics  and  physics 
starts  from  the  assumption  that, 
though  the  finite  observable  pheno- 
mena of  nature  are  extremely  in- 
tricate,  they  are,  nevertheless, 
compounded  out  of  comparatively 
dimple  elementary  processes,  which 
take  place  between  the  discrete 
atoms,  or  the  elementary  but  con- 
tinuous portions  of  matter.  Mathe- 
matically expressed,  this  means  that 
the  relations  in  question  present 
themselves  in  the  form  of  ditfereu- 
tial  equations,  and  that  the  solution 
of  them  consists  in  finding  func- 
tions of  finite  (observable)  quanti- 
ties which  satisfy  the  special  con- 
ditions. A  comparatively  small 
number  of  differential  equations 
has  thus  been  found  empirically 
to  embrace  very  large  and  appar- 
ently widely  separated  classes  of 
physical  phenomena,  suggesting 
physical  relations  between  those 
phenomena  which  might  otherwise 
have  remained  unnoticed.  The 
physicist  or  astronomer  thus  hands 
over  his  problems  to  the  mathe- 
matician, who  has  either  to  in- 
tegrate the  differential  equations, 
or,  where  this  is  not  possible,  at 
least  to  infer  the  properties  of  the 
functions  which  would  satisfy  them 
— in  fact,  the  differential  equation 
becomes  a  definition  of  the  function 
or  mathematical  relation.  In  con- 
sequence of  this  the  theory  of 
differential  equations  is,  as  Sophus 
Lie  has  said,  by  far  the  most 
important  branch  of  mathematics. 


The  attraction  of  the  heavenly  bodies  varies  with  the 
distance,  the  velocity  of  a  falling  stone  or  the  cooling 
of  a  hot  body  varies  with  the  interval  of  time  which 
has  lapsed  or  flown.  We  are  now  so  much  accus- 
tomed to  represent  such  dependence  by  curves  drawn  on 
paper,  that  we  hardly  realise  the  great  step  in  advance 
towards  definiteness  and  intelligibility  that  this  device 
marks  in  all  natural  sciences  and  in  many  practical 
pursuits.  But  the  representation  of  the  natural  con- 
nections of  varying  quantities  by  curves  also  forms  the 
connecting  link  with  the  other  class  of  researches  just 
mentioned.  Descartes  had  shown  how  to  represent 
algebraical  formulae  by  curves  in  the  plane  and  in  space ; 
and  at  the  beginning  of  the  nineteenth  century  this 
method  was  modified  by  Gauss  and  Cauchy  so  as  to 
deal  also  with  the  extended  conception  of  number 
which  embraced  the  imaginary  unit.  Two  questions 
arise,  Is  it  possible  to  represent  every  arbitrary  de- 
pendence such  as  we  meet  with  in  the  graphical  descrip- 
tion of  natural  phenomena  by  a  mathematical  formula 

i.e.,  by  a  formula  denoting  several  specified  mathematical 
operations  in  well-defined  connections  ?  and  the  inverse 
question,  Is  it  possible  to  represent  every  well-defined 
arrangement  of  symbols  denoting  special  mathematical 
operations  graphically  by  curves  in  the  plane  or  in 
space  ?  The  former  question  is  one  of  vital  importance 
m  the  progress  of  astronomy,  physics,  chemistry,  and 
many  other  sciences,  and  has  accordingly  occupied  many 
emment  analysts  ever  since  Fourier  gave  the  first  ap- 
proximative answer  in  his  well-known  series :  the  latter 
question  can  only  be  answered  by  much  stricter  defini- 
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tions  of  all  the  more  advanced  and  of  some  even  of  the 
elementary  operations  which  analysts  had  become  accus- 
tomed to  use  without  a  previous  knowledge  of  the  range 
of  their  validity.  All  applications  of  mathematics  con- 
sist in  extending  the  empiricial  knowledge  which  we 
possess  of  a  limited  number  or  region  of  accessible 
phenomena  into  the  region  of  the  unknown  and  inac- 
cessible ;  and  much  of  the  progress  of  pure  analysis  con- 
sists in  inventing  definite  conceptions,  marked  by  symbols, 
of  complicated  operations ;  in  ascertaining  their  proper- 
ties as  independent  objects  of  research ;  and  in  extending 
their  meaning  beyond  the  limits  they  were  originally 
invented  for, — thus  opening  out  new  and  larger  regions 
of  thought. 

A  brilliant  and  most  suggestive  example  of  this  kind  of 
reasoning  was  afforded  by  a  novel  mode  of  treating  a  large 
class  of  physical  problems  by  means  of  the  introduction  of 
a  special  mathematical  function,  termed  by  George  Green, 
and  later  by  Gauss,  the  "  Potential  "  or  "  Potential  func- 
tion." ^  All  the  problems  of  Newtonian  attraction  were 
concentrated  in  the  study  of  this  formula :  and  when  the 
experiments  of  Coulomb  and  Ampere  showed  the  analogy 
that  existed  between  electric  and  magnetic  forces  on  the 


^  See  vol.  i.  p.  231  of  this  work. 
The  history  of  the  subject  has  been 
written  by  Todhunter  ('  History  of 
the  Theories  of  Attraction  and  the 
Figure  of  the  Earth,'  2  vols.,  1873) 
for  the  earlier  period  down  to  1832. 
For  the  later  period  see  Bacharach's 
*  Abriss  der  Geschichte  der  Poten- 
tialtheorie,'  Gottingeu,  1883  ;  for 
the  connection  of  the  theory  with 
Riemann's  mathematical  methods, 
especially  Prof.  F.  Klein's  tract, 
'  Ueber     Riemann's     Theorie     der 


algebraischen  Functionen '  (Leipzig, 
1882,  trans,  by  F.  Hardcastle, 
Cambridge,  1893) ;  Prof.  Carl  Neu- 
mann's '  Untersuchungen  liber  das 
Logarithmische  und  Newtonische 
Potential'  (Leipzig,  1877);  Dr 
Burkhardt's  *  Memorial  Lecture  on 
Riemann  '  (Gottingen,  1892)  ;  and 
jointly  with  Dr  Franz  Meyer,  the 
same  author's  chapter  on  "  Poten- 
tialtheorie  '*  in  the  2nd  volume 
(p.  464)  of  the  *  Encyclopadie  der 
Math.  Wiss.,'  1900. 
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one  side,  and  IS^ewtonian  forces  on  the  other ;  still  more 
when  Fourier,  Urm^,  and  Thomson  (Lord  Kelvin)  pointed 
to  the  further  analogy  which  existed  between  the  distri- 
bution of  temperature  in  the  stationary  flaw  of  heat 
and  that  of  statical  electricity  on  a  conductor,  and  ex- 
tended the  analogy  to  hydrostatics  and  hydrodynamics, 
—it  became  evident  that  nature  herself  pointed  herJ 
to  a  mathematical  dependence  of  the  highest  interest 
and  value.  Many  eminent  thinkers  devoted  themselves 
to  the  study  of  this  subject,  but  it  was  reserved  for 
Bernhard  Eiemann  to  generalise  the  mode  of  reasoning 
peculiar  to  these  researches  into  a  fundamentally  novel 
method  for  the  explanation  and  definition  of  mathe- 
matical function  or  dependence.^ 


^  Although     Riemann's    original 
method  of  dealing  in  a  general  way 
with  algebraical  functions   is   here 
introduced   as   a  generalisation   of 
certain  ideas  suggested  by  mathe- 
matical physics,  it  was  not  in  this 
way  that  they  were  introduced  to 
the  mathematical  world.     This  was 
done  in  his  very  abstract  and  difficult 
memoir,   'Theorie   der   Abel'schen 
Functionen'     (published    in    1857 
in  vol.  liv.  of  Crelle's  'Journal'). 
In    this    memoir    the    connection 
which   existed   with   mathematical 
physics   was    not    patent,    and    it 
took    a    long     time     before     his 
methods,   which    seemed   to   be   a 
development    of    Cauchy's    earlier 
researches,    were    understood    and 
fully    appreciated.      It    was    only 
after  he  had  lectured  repeatedly  on 
the  subject,  and  initiated  a  num- 
ber   of    younger    mathematicians, 
who  now  occupy  many  of  the  chairs 
at  the   German   universities,  that 
the  discoveries   and   inventions  of 
Riemann    received   their   deserved 
appreciation.      Even    in    his   own 
lectures  on  mathematical  physics— 


notably     on     partial     differential 
equations     (including     harmonics) 
and  the  theory  of  the  potential — 
he  did  not  lead  up  to  the  funda- 
mental  ideas   which  he  developed 
in    his   lectures   on    the   theory  of 
the  Abelian  functions.     Some  light 
is   thrown   on   the  subject  of   the 
genesis  of  Niemann's  ideas  bv  his 
dissertation   written    in    the  "^  year 
1851,  though  even  the  biographical 
notice  attached  to  the  1st  edition 
of  his   works  (1876)  did  not  deal 
with    the    origins    of    his    theory. 
It    seems,    therefore,    correct     to 
date   the   adequate   recognition   of 
Riemann's  work  inl  wider  circles  from 
the   publication  in    1882   of   Prof. 
F.  Klein's  tract  mentioned  above. 
Like  several  other  short  treatises 
of   this  eminent  living   mathema- 
tician, it  must  have  thrown  quite 
a    new   light    upon    the    subject ; 
and,  like  several  of  his  other  writ- 
ings,   it  revealed    connections   be- 
tween regions  of  thought  which  to 
many  students  must  have  appeared 
isolated.     "  Through  the  treatment 
initiated  by  Klein,   the  theory  of 
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The  peculiarity  of  such  dependence,  as  exemplified  in 
the  phenomena  of  the  steady  tiow  of  heat  or  of  electric 
distribution,  consisted  in  this,  that  if  at  certain  points 
or  in  certain  regions  of  space  the  thermal  or  electrical 
conditions  were  defined  and  known  by  actual  observation, 
then  the  whole  distribution  in  other  points  and  regions 
was  completely  determined.  Those  boundary  conditions 
could  therefore  be  regarded  as  the  necessary  and  sufficient 
definition  of  the  whole  existing  distribution.  Translated 
into  mathematical  language,  this  means  that  functions 
exist  which  are  completely  defined  by  boundary  values 
and  singularities — i.e.,  values  at  single  points.  Nature 
herself  had  shown  the  way  to  define  and  calculate 
measured  relations  when  through  their  intricacy  they 
evaded  the  grasp  of  the  ordinary  operations  of  algebra.^ 
Pllicker  had  already  in  geometry  (following  in  the  lines 
of  Newton),  when  attacking  the  problem  of  the  infinite 
variety  of  higher  curves,  suggested  the  method  of  classi- 
fying them  according  to  their  characteristic  properties 
or  singularities.  What  had  been  done  by  geometers 
and  physicists  in  isolated  cases  with  the  expenditure 
of  much  ingenuity  and  skill,  Eiemann  and  his  school 
elevated  to  the  rank  of  a  general  method  and  doctrine. 


functions  acquires  a  great  degree 
of  clearness  and  connectedness, 
which  is  mainly  gained  by  concep- 
tions derived  from  the  (physical) 
theory  of  the  potential,  and  thus 
exhibits  the  intimate  relationship 
of     these     theories "     (Bacharach, 

*  Geschichte  der  Potentialtheorie,' 
Gcittingen,  1883,  p.  71). 

^  On  this  subject  see  Burkhardt's 

*  Memorial  Lecture  on  Riemann  ' 
(Gottingen,  1892),  p.  5.  kc.  ;  Bach- 
arach (loc.  cit.),  p.  30,  &c.  The 
latter  especially  with  reference  to 


the  theorem  called  by  Clerk- Maxwell 
"  Thomson's  theorem  "  ('Cambridge 
and  Dublin  Mathematical  Journal,' 
1848,  or  '  Reprint  of  Papers  on 
Electro  -  statics,'  &c.,  p.  139) ;  aud 
abroad  *  Dirichlet's  Principle,'  after 
Riemann  (1857).  Further,  Brill 
and  Nother's  "Bericht"  ('Math. 
Ver.,'  vol.  iii.  p.  247) ;  and  lastly, 
a  very  suggestive  address  by  Prof. 
Klein  ("On  Riemann's  Influence  on 
Modern  Mathematics  ")  to  the  meet- 
ing of  the  German  Association  in 
Vienna  in  1804  ('  Report,'  p.  61). 
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It  is  a  process  of  generalisation  and  simplification. 
Moreover,  Eiemann's  manner  of  proceeding  brought 
with  it  the  gain  that  he  could  at  once  make  the 
various  theorems  of  the  doctrine  of  the  potential  useful 
for  purely  mathematical  purposes:  the  equation  which 
defined  the  potential  in  physics  became  the  definition 
of  a  function  in  mathematics.^ 


^  "  One    may   define    Riemann's 
developments   briefly   thus  :    that, 
beginning  with  certain  differential 
equations  which   the   functions  of 
the  complex  variable  satisfy,  he  is 
enabled  to  apply  the  principles  of 
the  potential   theory.     His    start- 
ing-point, accordingly,  lies  in   the 
province  of  mathematical  physics  " 
(Klein,   'Vienna   Report,'  loc.  cit., 
p.  60).     By  starting  with  physical 
analogies  Prof.  Klein  evades  certain 
difficulties  which  the  purely  mathe- 
matical treatment  had  to  encounter. 
In  the  preface  to  his  tract  of  the 
year  1882,  quoted  above, — in  intro- 
ducing  his   method   of   explaining 
Riemann's   theory,—  he    says  :    "  I 
have  not  hesitated  to  make  exactly 
these  physical  conceptions  the  start- 
ing-point  of   my   exposition.      In- 
stead of  them,  Riemannn,  as  is  well 
known,    makes    use    in    his    writ- 
ings of  Dirichlet's  principle.     But 
I  cannot  doubt    that   he    started 
from  those  physical  problems,  and 
only  afterwards  substituted  Dirich- 
let's principle  in  order  to  support 
the  physical  evidence   by   mathe- 
matical reasoning.    Whoever  under- 
stands   clearly    the    surroundings 
among  which  Riemann  worked  at 
Gottingen,  whoever  follows  up  Rie- 
maun's  speculations  as  they  have 
been   handed   down   to   us,  partly 
in  fragments,  will,  I  think,  share 
my   opinion."     And   elsewhere   he 
says:    "We   regard   as   a  specific 
performance   of    Riemann   in   this 
connection   the   tendency   to    give 
to  the   theory  of   the   potential   a 
fundamental    importance    for   the 


whole  of  mathematics,  and  further 
a   series   of   geometrical   construc- 
tions or,  as  I  would  rather  say,  of 
geometrical   inventions"   ('Vienna 
Report,'  p.  61).     Klein  then  refers 
to   the   representation   on  the  so- 
called    "Riemann   surface,"  which 
is   historically   connected,   as   Rie- 
mann himself  points  out,  with  the 
problem  which  Gauss  first  attacked 
in  a  general  way — viz.,  the  repre- 
sentation of  one  surface  on  another 
in  such  a  manner  that  the  smallest 
portions    of   the    one    surface  are 
similar   to  those  of   the  other  :   a 
problem  which  is  of  importance  in 
the  drawing  of  maps,  and  of  which 
we  possess  two  well-known  examples 
in  the  stereographic   projection  of 
Ptolemy    and     the    projection    of 
Mercator.     This  method  of  repre- 
sentation was  called  by  Gauss  the 
"  Conformal  Image  or  Representa- 
tion."    His  investigations  on  this 
matter    were     suggested    by    the 
Geodetic  Survey  of  the  kingdom  of 
Hanover,  with  which  he  was  occu- 
pied during  the  years  1818  to  1830. 
(See  Gauss,  *  Werke,'  vol.  iv.,  also 
his    correspondence   with    Schum- 
acher and  Bessel.)    A  very  complete 
treatise  on  this  aspect  of  Riemann's 
inventions  is  that  by  Dr  J.  Holtz- 
miiller,    '  Theorie    der    Isogonalen 
Verwandschaften  '  (Leipzig,  1882). 
On   the   historical    antecedents   of 
Riemann's   conception,    which    for 
a   long    time  appeared    somewhat 
strange,  not  to   say   artificial,  see 
Brill     and      Nother's     frequently 
quoted    "Report"    ('Bericlit    der 
Math.  Verein.,'  vol.  iii.),  p.  256  sqq. 
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50. 
Weierstrass. 


In  the  investigation  of  those  higher  functions  which 
the  purely  analytical  methods  of  Abel  and  his  followers 
had  forced  upon  the  attention  of  mathematicians,  the 
methods  of  Eieraann  proved  to  be  eminently  useful  and 
suggestive.  But  these  novel  methods  themselves  had 
been  imported  into  the  pure  science  from  the  side  of  its 
application  in  physics.  The  value  of  such  ideas  has 
always  been  questioned  by  another  class  of  thinkers  who 
aim  at  building  up  the  edifice  of  the  science  by  rigorous 
logic,  without  making  use  of  practical  devices  which  could 
only  be  legitimately  employed  when  once  their  validity 
had  been  thoroughly  proved  and  its  limits  defined.  The 
merit  of  having  done  this  in  the  whole  domain  of  those 
conceptions  which,  since  the  age  of  Descartes,  Newton, 
and  Leibniz,  had  been  introduced  as  it  were  from  the 
outside  into  analysis,  belongs  to  the  school  of  mathe- 
maticians headed  in  Germany  by  Karl  Weierstrass. 

Riemann  had  grown  up  in  the  traditions  of  the  school 
of  mathematical  thought  which  was  inspired  by  Gauss 
and  Weber  in  Gottingen.  Geometrical  representation 
and  physical  application,  including  the  immediate  evi- 
dence of  the  senses,  formed  a  large  and  important  factor 
in  the  body  of  arguments  by  which  scientific  discovery 
and  invention  was  carried  on  in  that  school:  thougrh 
Gauss  himself  made  logical  rigour  the  final  test  of 
maturity  in  all  his  published  writings,  abstaining  in 
many  cases  from  communicating  his  results  when  they 
had  not  satisfactorily  passed  that  test  in  his  own  mind. 
Through  this  self-imposed  restriction  he  had  permitted 
important  discoveries,  which  led  to  large  increase  of 
mathematical   knowledge,  to   be   anticipated   by  others. 
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The  cases  of  Cauchy,  Abel,  and  Jacobi  are  the  best- 
known  instances.  Through  their  labours  an  entirely 
new  field  had  been  prospected  and  partially  cultivated. 
It  was  to  this  that  Weierstrass,  the  other  great  leader 
in  modern  theory,  was  attracted.  He  made  the  clear 
definition  and  logical  coherence  of  the  novel  concep- 
tions which  it  involved  his  principal  aim.  Gauss 
had  laboured  without  assistance  at  similar  problems, 
making  many  beginnings  which  even  his  colossal  intellect 
could  not  adequately  develop.  Weierstrass  early  gathered 
around  him  a  circle  of  ardent  and  receptive  pupils  and 
admirers,^  to   whose   care   and   detailed    elaboration   he 


^  The  researches  of  AVeierstrass 
(1815   to    1897)    began    somewhat 
earlier  than  those  of  Riemann,  but 
only  became  generally  known  and 
appreciated   in   their   fundamental 
originality  through  his  pupils— his 
academic    influence     dating    from 
the  year  1861.     Some  account  of 
Weierstrass's   activity  is  given  by 
Emil    Lampe   in   the   6th   volume 
<1899)  of  the  '  Bericht  der  Math. 
Verein.,'  p.   27,  &c.      The  genesis 
of    his    ideas    is    traced    by    Brill 
and  Nother  in  the  Report  quoted 
in    the     last     note,    and    by    M. 
Poincar^  in  'Acta  Math.,'  vol.  xxii. 
The  former  divides  his  Researches 
roughly   into   two   periods,  during 
the   first   of   which   (1848-56)   he 
dealt    with    what    Cayley    would 
call  "  known  "  functions  ;  progress 
during  this  period  depending  not 
80  much  upon  fundamentally  new 
ideas  as  upon  an  investigation  of 
special  problems  and  great  analyti- 
cal skill.     The  second  period  begins 
in  the  year  1869,  and  is  devoted  to 
nothing  less  than  the  building  up 
of  the  entire  structure  of  mathe- 
matical   thought    from    the    very 
beginning  upon  altered  definitions, 
through  which  the  dilemmas  and 


paradoxes  would  be  obviated  that 
had  shown   themselves  ever  since 
the  middle  of  the  eighteenth  cen- 
tury   in     consequence    of    a     too 
confident  application  and  extension 
of    conventional    ideas     suggested 
mainly  by  practical  problems.     The 
elements  of  this  grand  edifice  are 
now  largely  accepted,  not  only  in 
Germany,  but  also  in  France,  Italy, 
and  England.     In  Germany  Prof. 
0.    Stolz,    through    his   works  on 
General  Arithmetic,  2  vols.   (1885 
and  1886),  and  the  Calculus,  3  vols. 
(1893  to  1899),  has  probably  done 
more    than    any    other    academi<; 
teacher  to  utilise  the  new  system 
of   mathematical   thought  for   the 
elementary  course  of  teaching.     It 
seems  of  importance  to  state,  how- 
ever, that  outside  of  the  circle  of 
Weierstrass 's  influence,  and   quite 
within  the  precincts  of  Riemann's 
school,  the   necessity   was   felt   of 
strengthening  the  foundations   on 
which   research   in   higher  mathe- 
matics  was   carried   on,  by   going 
back   to  the  fundamental  ideas  of 
arithmetic.      The   principal  repre- 
sentative of  this   line  of  research 
was  Hermann  Hankel  (1839-73),  a 
pupil   of   Riemann's,   who,  in   the 
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confided  many  separate  and  lengthy  investigations.  It 
was  through  one  of  these  that  a  test-ease,  in  which  exist- 
ing mathematical  definitions  broke  down,  was  published 
in   1872.      It   forms   a   kind  of   era   in   the  history  of 


middle  of  the  sixties,  delivered 
lectures  at  the  University  of 
Leipsic  upon  "Complex  numbers 
and  their  functions,"  starting  in  a 
characteristic  manner  with  that  ex- 
tended algebra  which  Cauchy  and 
Riemann  had  used  to  such  good 
purpose.  The  first  part  of  these 
lectures  was  published  in  1867. 
In  the  preface  Hankel  says :  "  In 
the  natural  sciences  we  witness  in 
recent  times  the  distinct  tendency 
to  ascend  from  the  world  of  em- 
pirical detail  to  the  great  principles 
which  govern  everything  special  and 
connect  it  into  a  whole — i.e.,  the 
desire  for  a  philosophy  of  nature, 
not  forced  upon  us  from  outside, 
but  naturally  evolved  out  of  the 
subject  itself.  Also  in  the  domain 
of  mathematics  a  similar  want 
seems  to  make  itself  generally  felt 
— a  want  which  has  always  been 
alive  in  England."  Had  the  author 
not  been  prematurely  taken  away, 
there  is  no  doubt  that  he  would 
have  still  more  largely  contributed 
to  the  revolution  of  mathematical 
ideas  now  in  progress.  As  it 
is,  he  made  one  further  import- 
ant contribution,  of  which  more 
hereafter.  In  Italy  Prof.  Ulisse 
Dini  began  to  lecture  in  the  year 
1871  to  1872  on  the  theory  of 
functions,  and  published  his  lec- 
tures in  1878.  A  translation  was 
brought  out  in  Germany  (1892)  by 
Prof.  Ltiroth  and  Mr  A.  Schepp, 
in  which  many  of  the  modern 
developments  are  utilised.  In 
France  we  owe  to  M.  Jules  Tannery 
a  valuable  introduction  to  the 
theory  of  functions  of  one  variable, 
based  upon  a  series  of  lectures 
delivered  in  the  Ecole  Normale 
in    1883,    in    which,    as    he    says 


(Preface,  p.  vii),  he  collected 
the  labours  of  Cauchy,  Abel,  Le- 
jeune  Dirichlet,  Riemann,  Ossian 
Bonnet,  Heine,  Weierstrass,  and 
others ;  after  which  he  considers 
that  nothing  essential  need  be 
added  in  the  way  of  elucidation  of 
the  ,  foundations  of  the  theory. 
M.  Emil  Borel  published  in  1898 
*  Lectures  on  the  Theory  of  Func- 
tions,' the  first  of  a  series  of 
text  -  books  dealing  with  various 
aspects  of  the  theory  of  functions, 
in  which  he  largely  refers  to  the 
labours  of  Weierstrass,  Before 
Weierstrass's  theory  had  become 
known,  however,  M.  M^ray  had  al- 
ready entered  upon  an  exposition 
of  the  foundations  of  analysis  on 
lines  which  had  much  analogy  with 
those  adopted  by  Weierstrass.  In 
England  the  late  Prof.  Clifford  had 
occupied  himself  in  various  memoirs 
with  the  theories  of  Riemann  ;  but 
we  owe  the  first  comprehensive 
treatise,  embracing  the  work  of 
Riemann  as  well  as  that  of  Weier- 
strass, to  Prof.  Forsyth  ('  Theory 
of  Functions  of  a  Complex  Vari- 
able,' Cambridge,  1893).  Almost 
simultaneously  Professors  Harkness 
and  Morley  published  a  '  Treatise 
on  the  Theory  of  Functions,'  and 
in  1898  an  *  Introduction  to  the 
Theory  of  Analytic  Functions,'  in 
which  they  in  the  main  adopted  the 
point  of  view  of  Weierstrass.  A 
very  original  thinker,  whose  in- 
dependent researches  reach  back  to 
the  year  1872,  and  who  played  an 
important  part  in  the  investigation 
of  many  obscure  points,  was  the 
late  Prof.  Paul  Du  Bois-Reymond, 
who  published  in  1882  the  first 
part  of  his  '  Allgemeine  Func- 
tionentheorie,'      containing       the 
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mathematical  thought.  Up  to  that  time  "  one  would 
have  said  that  a  continuous  function  is  essentially  cap- 
able of  being  represented  by  a  curve,  and  that  a  curve 
has  always  a  tangent.  Such  reasoning  has  no  mathe- 
matical value  whatever;  it  is  founded  on  intuition,  or 
rather  on  a  visible  representation.  But  such  representa- 
tion is  crude  and  misleading.  We  think  we  can  figure 
to  ourselves  a  curve  without  thickness;  but  we  only 
figure  a  stroke  of  small  thickness.  In  like  manner  we 
see  the  tangent  as  a  straight  band  of  small  thickness, 
and  when  we  say  that  it  touches  the  curve,  we  wish 
merely  to  say  that  these  two  bands  coincide  without 
crossing.  If  that  is  what  we  call  a  curve  and  a  tangent, 
it  is  clear  that  every  curve  has  a  tangent ;  but  this  has 
nothing  to  do  with  the  theory  of  functions.  We  see  to 
what  error  we  are  led  by  a  foolish  confidence  in  what 
we  take  to  be  visual  evidence.  By  the  discovery  of  this 
striking  example  Weierstrass  has  accordingly  given  us  a 
useful  reminder,  and  has  taught  us  better  to  appreciate 
the  faultless  and  purely  arithmetical  methods  with  which 
he  more  than  any  one  has  enriched  our  science."  ^ 


"  metaphysics  and  theory  of  the 
fundamental  conceptions  in  mathe- 
matics :  quantity,  limit,  argument, 
and  function"  (Tiibingen).  This 
work  touches  the  borderland  of 
mathematics  and  philosophy,  as 
does  the  same  author's  posthumous 
work,  '  Uber  die  Grundlagen  der 
Erkenntniss  in  den  exacten  Wissen- 
schaften  '  (Tiibingen,  1890),  and  will 
occupy  us  in  another  place. 

^  M.  Poincare  in  the  'Acta 
Mathematica,'  vol.  xxii.,  "  L'oeuvre 
mathematique  de  Weierstrass,"  p. 
5.  The  "test-case"  referred  to  in 
the  text  consisted  in  the  publica- 

VQL.  n. 


tion  by  Weierstrass  (in  the  year 
1872,  *  Trans.  Berlin  Academy,'  re- 
printed in  Weierstrass's  *  Math. 
Werke,'  vol.  ii.  p.  71)  of  the  proof 
of  the  existence  of  a  continuous 
function  which  nowhere  possessed 
a  definite  (finite  or  infinite)  differ- 
ential coefficient.  This  example 
cleared  up  a  point  brought  into 
prominence  by  Riemann  in  his 
posthumously  (1867)  published 
Inaugural  Dissertation  of  1854 
('  Werke,'  p.  213).  The  question 
had  already,  following  on  Rie- 
mann's  suggestions,  been  dis- 
cussed  by  Hermann  Hankel  in  a 
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Before  Weierstrass,  Cauchy  and  Eiemann  had  at- 
tempted to  define  the  vague  term  "function"  or 
mathematical  dependence.  Both  clung  to  the  graphical 
representation  so  common  and  so  helpful  in  analysis 
since  Descartes  invented  it.  We  have,  of  course,  in 
abstract  science,  a  right  to  begin  with  any  definition 
we  choose.     Only  the  definition  must  be  such  that  it 


remarkable   tract   on    "Oscillating 
functions,"     in     which     he     drew 
attention  to  the  existence  of  func- 
tions which  admit  of  an  integral, 
but  where  the  existence  of  a  differ- 
ential coefficient  remains  doubtful. 
In  fact,  it  appears  that  the  question 
as   to   the   latter   had  never  been 
raised ;    the   only  attempt  in  this 
direction  being  that  of  Ampere  in 
1806,  which  failed  (Hankel,  p.  7). 
Hankel  in  his  original  investigation 
showed    that    a    continuous    curve 
might  be  supposed  to  be  generated 
by  the   motion   of   a   point   which 
oscillated  to  and  fro,  these  oscilla- 
tions   at    the    limit    becoming   in- 
finitely   numerous    and    infinitely 
small :     a    curve    thus    generated 
would  present  what  he  called  "a 
condensation    of   singularities"    at 
every  point,  but  would  possess  no 
definite    direction,   hence    also   no 
differential  coefficient.     The  argu- 
ments and  illustrations  of  Hankel 
have  been  criticised  and  found  fault 
with.     He  nevertheless  deserves  the 
credit  of   having  among   the  first 
attempted  "  to  gain  a  firm  footing 
on  a  slippery  road  which  had  only 
been  rarely  trodden"  (p.   8).      In 
this  tract   (which   is   reprinted   in 
'Math.  Ann.,'  vol.  xx.),  aa  well  as 
in  his  valuable  article  on  "  Limit " 
(Ersch  und  Gruber,  'Encyk.,'  vol. 
xc.  p.  185,  art.  "  Grenze  "),  Hankel 
did  much  to  establish   clearly  the 
essential  point  on   which   depends 
the  entire  modern    revolution    in 
our  ideas  regarding  the  foundations 


of   the   so-called   infinitesimal   cal- 
culus ;    reverting  to  the  idea  of  a 
"limit,"  both  in  the  definition  of 
the   derived   function   (limit   of   a 
ratio)  and  of  the  integral  (limit  of 
a  sum)  as  contained  in  the  writings 
both     of     Newton     and     Leibniz, 
but   obscured   by   the    method   of 
*'  Fluxions"  of  the  former  and  the 
method  of  *' Infinitesimals"  of  the 
latter.     Lagrange  and  Cauchy  had 
begun  this  revolution,  but   it  was 
not     consistently     and     generally 
carried  through  till  the  researches 
of  Riemann,   Hankel,  Weierstrass, 
and   others   made   rigorous  defini- 
tions  necessary  and   generally  ac- 
cepted.     It   is,    however,   well  to 
note  that  in   this   country  A.    de 
Morgan  very  early  expressed  clear 
views  on  this  subject.     Prof.  Voss, 
in    his    excellent  chapter    on    the 
Differential  and   Integral  Calculus 
('Encyk.  Math.  Wis?.,'  vol.  ii.  i.  p. 
54,  &c.),  calls  the  later  period  the 
period  of   the   purely  arithmetical 
examination    of    infinitesimal   con- 
ceptions, and  says  (p.   60),   "  The 
purely   arithmetical    definition    of 
the  infinitesimal  operations  which 
is    characteristic    of     the    present 
critical  period  of  mathematics  has 
shown  that  most  of  the  theorems 
established     by    older     researches, 
which  aimed  at  a  formal  extension 
of  method,  only  possess  a  validity 
limited    by   very  definite  assump- 
tions."      Such    assumptions    were 
tacitly  made  by  earlier  writers,  but 
not  explicitly  stated. 


corresponds  with  conditions  which  we  meet  with  in 
reality,  say  in  geometry  and  physics,  otherwise  our 
science  becomes  useless :  further,  our  definitions  must  be 
consistent,  and  follow  logically  from  the  fundamental 
principles  of  arithmetic,  otherwise  we  run  the  risk  of 
sooner  or  later  committing  mistakes  and  encountering 
paradoxes.  We  have  two  interests  to  serve:  the  ex- 
tension of  our  knowledge  of  functions  and  the  rigorous 
proof  of  our  theorems.  The  methods  of  Eiemann  and 
of  Weierstrass  are  complementary.     "  By  the  instrument  ^"d" 

Weierstrass 

of  Eiemann  we  see  at  a  glance  the  general  aspect  of  compared, 
things — like  a  traveller  who  is  examining  from  the  peak 
of  a  mountain  the  topography  of  the  plain  which  he  is 
going  to  visit,  and  is  finding  his  bearings.  By  the  in- 
struments of  Weierstrass  analysis  will,  in  due  course, 
throw  light  into  every  corner,  and  make  absolute  clear- 
ness  shine   forth."  ^      The   complementary  character  of 


51. 
Riemann 


^  Poincare,  loc.  cit.,  p.  7.     Simi- 
larly Prof.  Klein  {loc.  cit.,  '  Vienna 
Report,'    p.     60)  :    "  The   founder 
of  the  theory  [viz.,   of   functions] 
is    the    great    French    mathema- 
tician Cauchy,   but   only   in    Ger- 
many has   it  received   that    mod- 
ern stamp  through  which  it  has, 
so  to  speak,  been  pushed  into  the 
centre  of    our   mathematical   con- 
victions.    This  is  the  result  of  the 
simultaneous     exertions     of     two 
workers — Riemann  on  the  one  side 
and    Weierstrass     on     the     other. 
Although  directed  to  the  same  end, 
the  methods  of  these  two  mathe- 
maticians are  in  detail  as  different 
as  possible :    they  almost  seem  to 
contradict  each  other,  which  contra- 
diction, viewed  from  a  higher  aspect, 
naturally  leads  to  this— that  they 
mutually  supplement  each   other. 
Weierstrass  defines   the   functions 


of  a  complex  variable  analytically 
by   a  common   formula— viz.,   the 
'  Infinite   Power   Series '  ;    in    the 
sequel  he  avoids  geometrical  means 
as  much  as  possible,  and  sees  his 
specific    aim     in     the    rigour    of 
proof.       Riemann,    on    the    other 
side,  begins  with  certain  differential 
equations.     The  subject  then  im- 
mediately acquires   a  physical  as- 
pect. .  .  .  His  starting-point  lies 
in     the    region    of    mathematical 
physics."     We  now  know  from  the 
biographical    notice    of    Riemann, 
attached    to    his    collected    works 
(1st    ed.,    p.    520),    that   he    was 
pressed   (in    1856)   by   his   mathe- 
matical friends  to  publish  a  resume 
of  his  Researches  on  Abelian  func- 
tions— "be  it  ever  so  crude."     The 
reason   was  that   Weierstrass   was 
already  at  work  on  the  same  sub- 
ject.    In  consequence  of  Riemann 's 
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the  labours  of  the  two  great  analysts  is  nowhere  better 
shown  than  in  the  special  manner  in  which  Weierstrass 
succeeded  in  strengthening  the  foundations  ^  on  which 
much  of  Kiemann's  work  rests. 

The  labours  of  the  great  analysts — Gauss,  Cauchy, 
Riemann,  and  Weierstrass — all  tended  to  increase  our 


publication  Weierstrass  withdrew 
from  the  press  an  extensive  memoir 
which  he  had  presented  in  the  year 
1857  to  the  Berlin  Academy,  be- 
cause, as  he  himself  says  (Weier- 
strass, *Math.  Werke,'  vol.  iv.  p.  10): 
"  Riemann  published  a  memoir  on 
the  same  problem  which  rested  on 
entirely  different  foundations  from 
mine,  and  did  not  immediately 
reveal  that  in  its  i-esults  it  agreed 
completely  with  my  own.  The 
proof  of  this  required  investigations 
which  were  not  quite  easy,  and  took 
much  time ;  after  this  difficulty 
had  been  removed  a  radical  remod- 
elling of  my  dissertation  seemed 
necessary,"  &c.  &c.  The  mutual 
influence  of  Riemann's  and  Weier- 
strass's  work  is  also  referred  to  by 
Weierstrass  in  a  letter  to  Prof. 
Schwarz,  dated  1875,  in  which 
he  utters  what  he  calls  his  con- 
fession of  faith  :  "  The  more 
I  ponder  over  the  principles  of 
the  theory  of  functions  —  and  I 
do  this  incessantly  —  the  stronger 
grows  my  conviction  that  it  must 
be  built  up  on  the  foundation  of 
algebraical  truths,  and  that,  there- 
fore, to  employ  for  the  proof  of 
simple  and  fundamental  algebraical 
theorems  the  *  transcendental,'  if  I 
may  say  so,  is  not  the  correct  way, 
however  enticing  prima  vista  the 
considerations  may  be  by  which 
Riemann  has  discovered  many  of 
the  most  important  properties  of 
algebraical  functions.  It  is  a  mat- 
ter of  course  that  every  road  must 
be  open  to  the  searcher  as  long  as 
he  seeks  ;  it  is  only  a  question  of 


the  systematic  demonstration " 
(Weierstrass,  'Werke,'  vol.  ii.  p. 
235). 

^  This  refers  mainly  to  Weier- 
strass's  investigation  of  the  principle 
called  by  Riemann  "Dirichlet's 
principle,"  but  which  had  been 
stated  already  with  great  generality 
by  Thomson  (Lord  Kelvin)  in  the 
year  1847.  The  validity  of  this 
method  depended  on  a  certain 
minimum  theorem.  Weierstrass 
has  shown  that  the  existence  of 
such  a  minimum  is  not  evident,  and 
that  the  argument  used  is  not  con- 
clusive. He  laid  before  the  Berlin 
Academy,  in  the  year  1870,  a  com- 
munication giving  a  test  -  case  to 
prove  that  Dirichlet's  method  was 
not  generally  valid  ('Werke,'  vol. 
ii.  p.  49).  "Through  this,'^  Prof. 
Klein  says  {loc.  cit.,  p.  67),  "a 
great  part  of  Riemann's  develop- 
ments become  invalidated.  Never- 
theless the  far  -  reaching  results 
which  Riemann  bases  upon  the 
principle  are  all  correct,  as  was 
shown  later  on  exhaustively  and 
with  all  rigour  by  Carl  Neumaim 
and  H.  A.  Schwarz.  Indeed  we 
must  come  to  the  conclusion  that 
Riemann  himself  arrived  at  these 
theorems  by  a  physical  intuition, 
and  only  afterwards  resorted  to  the 
principle  referred  to  in  order  to 
have  a  consistent  mathematical  line 
of  reasoning"  {loc.  cit,  p.  67).  See 
on  this  also  Poincare  {loc.  cit., 
pp.  10  and  15),  who  gives  other 
instances  where  the  work  of  Weier- 
strass supported  that  of  Riemann. 


knowledge   of    the   higher  mathematical    relations,  but 
also  to  reveal  the  uncertainty  and  absence  of  rigorous 
definition  of  the  foundations  of  arithmetic  and  of  geo- 
metry.    Accordingly  we  find  these  great  thinkers  con- 
tinually interrupting  their  more  advanced  researches  by 
examinations   of    the    principles.     This    feeling  of    un-        52. 
certainty  had  led,  ever  since  the  end  of  the  eighteenth  tIS'Sf"*' 
century,  to  many  isolated  attacks  and  half -philosophical  °''°'^**'''"'* 
discussions    by    various    writers    in    this    country    and 
abroad.     Many   of   them   remained   long   unrecognised ;  • 
such    were    the    suggestive    writings    of    Hamilton,   De 
Morgan,    Peacock    in    England,    Bolzano^   in    Bohemia, 


^  The  merits  of  Bernhard  Bolzano 
(1781-1848)  as  one  of   the  earliest 
representatives  of  the  critical  period 
of    mathematics    were    recognised 
after  a  long  interval  of  neglect  by 
Hankel  in  his  article  on  "Limit" 
mentioned  above.     This  philosophi- 
cal mathematician  published  many 
years  before  Cauchy  a  tract  on  the 
Binomial  Theorem  (Prague,  1816), 
in    which    he    gives,   in    Hankel's 
opinion,  the  first  rigid  deduction  of 
various  algebraical  series.      "  Bol- 
zano's notions  as  to  convergency  of 
series    are     eminently    clear    and 
correct,  and  no  fault  can  be  found 
with  his  development  of  those  series 
for    a    real    argument    (which    he 
everywhere  presupposes);    in    the 
preface  he  gives  a  pertinent  criti- 
cism of  earlier  developments  of  the 
Binopaial  Theorem,  and  of  the  un- 
restricted   use    of    infinite    series, 
which  was  then  common.     In  fact, 
he  has  everything  that   can   place 
him   in   this  respect  on  the  same 
level  with  Cauchy,  only  not  the  art 
peculiar  to  the  French  of  refining 
their    ideas    and     communicating 
them  in  the  most  appropriate  and 
taking  manner.     So  it  came  about 
that  Bolzano    remained   unknown 


and  was  soon  forgotten ;    Cauchy 
was  the  happy  one  who  was  praised 
as  a  reformer  of  the  science,  and 
whose  elegant  writings  were  soon 
widely  circulated."     (Hankel,   loc. 
city   p.    210.)     Following  on   this 
statement  of  Hankel  and  a  remark 
of  Prof.  H.  A.  Schwarz,  who  looks 
upon  Bolzano  as  the  inventor  of  a 
line  of  reasoning  further  developed 
by     Weierstrass     ('Journal     fiir 
Mathematik,'    vol.    Ixxiv.    p.    22, 
1872),  Prof.  0.  Stolz  published  in 
1881  ('Math.  Ann.,'  vol.  xviii.  p. 
255)  an    account    of    the    several 
writings  of  Bolzano,  beginning  in 
the  year  1810,  in  so  far  as  they 
referred   to  the   principles  of  the 
Calculus.     "  All  these  writings  are 
remarkable  inasmuch  as  they  start 
with  an  unbiassed  and  acute  criti- 
cism of  the  contributions  of  the 
older  literature"  {loc.  cit.,  p.  257). 
A   posthumous  tract  by  Bolzano, 
'Paradoxieen     des     Unendlichen,' 
was  republished  in  1889  in  'Wis- 
senschaftliche    Classiker,'   vol.    ii., 
Berlin   (Meyer  and    Miiller).      As 
stated  above,  Hankel  was  also  one 
of  the  first  to  draw  attention  to 
the  originality  and  importance  of 
Hermann  Grassmann's  work. 
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Bolyai  in  Hungary,  Lobatchevski  in  Kasan,  Grassinann 
in  Stettin.  Most  of  these  were  unknown  to  each 
other.  However,  near  the  beginning  of  the  last  third 
of  the  century  three  distinct  publications  created  a 
great  stir  in  the  mathematical  world,  brought  many 
scattered  but  cognate  lines  of  reasoning  together,  and 
made  them  mutually  fertile  and  suggestive.  These 
three  were— first,  the  publication  in  1860  of  Gauss's 
correspondence  with  Schumacher,  in  which  two  letters 
of  the  former,  dated  May  and  July  1831,^  became 
known,  where  he  referred  to  his  extensive  but  un- 
written and  unfinished  speculations  on  the  foundations 
of  geometry  and  the  theorem  which  refers  to  the 
sum  of  the  angles  in  a  triangle.  The  second  was  the 
publication  in  1867  of  the  first  and  only  part  of  Her- 
mann Hankel's  "Lectures  on  the  Complex  Numbers 
and  their  Functions."  ^  The  third  was  the  posthumous 
publication  in  the  same  year  of  Kiemann's  paper,  dated 
1854,^  "On  the  Hypotheses  which  lie  at  the  Foundation 
of  Geometry."  Almost  simultaneously  there  appeared 
the  first  of  Helmholtz's  two  important  papers  ^  on  the 


1  See  *  Brief  wechsel  zwischen 
Gaiiis?  und  Schumacher,'  ed.  Peters, 
1860,  vol.  ii.  pp.  260,  268. 

'^  The  small  volume  contains  so 
much  original  and  historical  matter 
that  I  have  on  several  occasions 
referred  to  it     See  above,  pp.  645, 

653. 

3  Riemann,   'Math.   Werke,'  Ist 

ed.,  p.  254  sqq. 

*  The  first  publication  of  Helm- 
holtz  was  a  lecture  on  **tbe  actual 
foundations  of  geometry,"  which 
he  delivered  on  the  22nd  May  1868 
to  the  Medical  Society  at  Heidel- 
berg.    This  communication,  which 


referred  to  investigations  carried  on 
for  many  years,— notably  in  con- 
nection with  the  theory  of  the 
colour  -  manifold,  —  was  occasioned 
by  the  publication  of  Riemann's 
paper  in  the  '  Transactions '  of  the 
Gottingen  Society.  He  had  heard 
of  this  through  Schering,  to  whom 
he  wrote  on  the  21st  April  1868 
before  having  seen  Riemann's 
paper  :  "  I  have  myself  been  oc- 
cupied with  the  same  subject  dur- 
ing the  last  two  years,  in  connection 
with  my  researches  in  physiological 
optics.  ...  I  now  see,  from  the 
few  hints  which  you  give  as  to  the 
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same  subject,  through  which  it  became  more  widely 
known  and  attracted  the  attention  of  other  than 
purely  mathematical  writers.  The  small  but  eminently 
suggestive  volume  of  Hankel  showed  the  necessity  of 
a  revision  and  extension  of  the  fundamental  principles 
and  definitions^  of  general   arithmetic   and  algebra  as 


result  of  the  investigation,  that 
Riemann  has  arrived  at  exactly 
the  same  results.  My  starting- 
point  was  the  question.  How  must 
a  magnitude  of  several  dimensions 
be  constituted,  if  solid  bodies  are 
to  move  in  it  everywhere  continu- 
ously, monodromically,  and  as  freely 
as  bodies  move  in  real  space  ? "  On 
receiving  from  Schering  a  reply 
with  a  copy  of  Riemann's  paper, 
Helmholtz  wrote  (18th  May),  "I 
enclose  a  short  exposition  of  that 
which  in  my  researches  on  the  same 
subject  is  not  covered  by  Riemann's 
work."  A  fuller  paper,  with  the 
title  "On  the  Facts  which  lie  at  the 
foundation  of  Geometry,"  appeared 
in  the  '  Gottinger  Nachrichten,' 
June  3,  1868.  See  Helmholtz, 
'  Wiss.  Abhandl.,'  vol.  ii.  pp.  610 
and  618,  &c.  ;  also  '  H.  von  Helm- 
holtz,' by  Leo  Koenigsberger  (1903), 
vol.  ii.  p.  138,  &c.  In  another 
lecture,  "  On  the  origin  and  mean- 
ing of  the  Axioms  of  Geometry " 
(1870,  reprinted  in  abstract  in 
'The  Academy,'  vol.  i.),  as  well  as 
in  an  article  in  vol.  i.  of  *  Mind ' 
(p.  301),  he  discussed  "the  philo- 
sophical bearing  of  recent  in- 
quiries concerning  geometrical 
axioms  and  the  possibility  of  work- 
ing out  analytically  other  systems 
of  geometry  with  other  axioms 
than  Euclid's"  (reprinted  in  vol.  ii. 
of  '  Vortrage  und  Reden '). 

^  In  this  treatise  Hankel  intro- 
duced into  German  literature  the 
three  terms  "distributive,"  "asso- 
ciative," and  "  commutative  "  to 
define  the   three   principles   which 


govern  the  elementary  operations 
of  arithmetic,  and  introduced  fur- 
ther what  he  calls  the  principle  of 
the  permanence  of  former  rules 
in  the  following  statement :  "If  two 
forms,  expressed  in  the  general 
terms  of  universal  arithmetic,  are 
equal  to  each  other,  they  are  to 
remain  equal  if  the  symbols  cease 
to  denote  simple  quantities  ;  hence 
also  if  the  operations  receive  a 
difierent  meaning."  Hankel  seems 
to  have  been  led  to  his  definitions 
by  a  study  of  French  and  English 
writers,  among  whom  he  mentions 
Servois  ('  Gergonne's  Ann.,  v.  p.  93, 
1814)  as  having  introduced  the 
terms  "distributive"  and  "com- 
mutative," and  Sir  W.  R.  Hamilton 
as  having  introduced  the  term 
"associative."  He  further  says 
(p.  15)  :  "  In  England,  where 
investigations  into  the  funda- 
mental principles  of  mathematics 
have  always  been  treated  with 
favour,  and  where  even  the  great- 
est mathematicians  have  not 
shunned  the  treatment  of  them 
in  learned  dissertations,  we  must 
name  George  Peacock  of  Cambridge 
as  the  one  who  first  recognised 
emphatically  the  need  of  formal 
mathematics.  In  his  interesting 
report  on  certain  branches  of 
analysis,  the  principle  of  perma- 
nence is  laid  down,  though  too 
narrowly,  and  also  without  the 
necessary  foundation."  Other  writ- 
ings, of  what  he  terms  Peacock's 
Cambridge  school,  such  as  those 
of  De  Morgan,  Hankel  states  that 
he   had   not   inspected;    mention- 
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53. 
Non- 
Euclidean 
geometry. 


an  introduction  to  the  advanced  theories  of  Gauss  and 
Kiemann;  and  for  this  purpose  he  went  back  to  the 
unnoticed  labours  of  Grassmann  in  Germany,  to  the 
writings  of  Peacock  and  De  Morgan  in  England,  and 
incidentally  introduced  into  Germany  the  elaborate 
algebra  of  quaternions,  invented  and  practised  by 
Hamilton  twenty  years  before  that  time.  The  papers 
of  Kiemann  and  Helmholtz  similarly  showed  the  neces- 
sity of  a  thorough  investigation  of  the  principles  and 
foundations  of  ordinary  or  Euclidean  geometry,  and 
showed  how  consistent  systems  of  geometry  could  be 
elaborated  on  other  than  Euclidean  axioms.  Only 
from  that  moment,  in  fact,  did  it  become  generally 
recognised  that  already,  a  generation  before,  two  in- 
dependent treatises  on  elementary  geometry  had  been 
published  in  which  the  axiom  of  parallel  lines  was 
dispensed  with  and  consistent  geometrical  systems 
developed.  These  were  contained  —  as  already  stated 
—  in    the  *  Kasan    Messenger,'  under    date    1829    and 


ing  only  a  short  paper  by  Dr  F. 
Gregory  on  Symbolical  Algebra 
in  the  Edinburgh  'Transactions.' 
Whilst  Hankel  was  delivering 
lectures  on  these  fundamentals, 
Weierstrass  in  Berlin  was  likewise 
in  the  habit  of  introducing  his 
lectures  on  the  Theory  of  Analytic 
Functions  by  a  discussion  of  the 
theory  of  Complex  Numbers.  This 
introduction  was  published,  with 
Weierstrass's  permission,  in  the  year 
1872  by  Dr  E.  Kossak  (in  a  pro- 
gramme of  the  Friedrichs-Werder 
Gymnasium),  after  lectures  de- 
livered by  Weierstrass  in  1865-66. 
To  what  extent  Hankel  may  have 
been  influenced  by  Weierstrass's 
lectures,  which  he  seems  to  have 
attended  after  leaving  Gottingen, 


is  uncertain,  for  in  spite  of  his  very 
extensive  references  he  does  not 
mention  Weierstrass.  In  Kossak 's 
*  Elemente  der  Arithmetik '  the 
term  "permanence  of  formal  rules  " 
is  not  used,  but  the  treatment  of 
the  extended  arithmetic  is  carried 
on  along  the  same  lines — i.e.,  not 
by  an  attempt  to  represent  the 
complex  quantities,  but  on  the 
ground  of  maintaining  the  rules 
which  govern  the  arithmetic  of 
ordinary  numbers.  Great  im- 
portance is  also  attached  to  the 
principle  of  inversion  as  having 
shown  itself  of  value  in  the  theory 
of  elliptic  functions,  and  being  not 
less  valuable  in  arithmetic.  As 
stated  above  (p.  640,  note),  this  prin- 
ciple is  also  insisted  on  by  Peacock. 


1830,  the  author  being  Lobatchevski ;  and  in  the 
appendix  to  an  Introduction  to  Geometry,  published 
by  Wolfgang  Bolyai  at  Maros  Vasarheli,  a  town  of 
Transylvania,  the  appendix  being  by  the  author's  son, 
Johann  Bolyai.  The  elder  Bolyai  having  been  a 
friend  and  correspondent  of  Gauss,  and  his  speculations 
evidently  of  the  same  nature  as  those  indicated  by  the 
latter  in  the  above-mentioned  correspondence,  conjectures 
have  been  made  as  to  which  of  the  two  originated  the 
whole  train  of  thought.^  The  independent  investiga- 
tions of  Eiemann  and  Helmholtz  started  from  a  differ- 


^  See  above,  p.  652,  note.     What 
is  important    from    our    point   of 
view  in  the  investigations  of  both 
Riemann  and  Helmholtz  lies  in  the 
following    points :    First,    Neither 
Riemann  nor  Helmholtz  refers  to 
the    non- Euclidean     geometry    of 
Lobatchevski  or    Bolyai.     This    is 
not    surprising    in     the    case    of 
Helmholtz,    whose     interest     was 
originally  not  purely  mathematical ; 
in   fact,  we   may    incidentally   re- 
mark how,  in  spite  of  his  profound 
mathematical  ability,  he  on  various 
occasions  came   into  close  contact 
with    mathematical    researches    of 
great  originality    and    importance 
without    recognising    them  —  e.g.f 
the  researches  of  Grassmann  and 
Pliicker.     As  regards  Riemann,  his 
paper  was  read  before  Gauss,  who 
certainly  knew  all  about  Bolyai,  and 
latterly  also  about  Lobatchevski,  of 
whom  he  thought  so  highly  that  he 
proposed  him  as  a  foreign  member 
of  the  Gottingen  Society.     Gauss 
could  therefore  easily  have  pointed 
out  to   Riemann   the   relations  of 
his  speculations  with  his  own  and 
those  of  the  other  mathematicians 
named.    Since  the  publication  of 
the  latest  volume  of  Gauss's  works, 
it  has  become  evident  that  Gauss 


corresponded    a    good     deal,    and 
more    than   one   would   have   sup- 
posed    from     reading     Sartorius's 
obituary   memoir,  on    the   subject 
of  non-Euclidean  (astral  or  imag- 
inary)    geometry,     notably     with 
Gerling ;    and    that    several    con- 
temporary mathematicians,  such  as 
Schweikart,    came    very    near    to 
Gauss's  own  position.     Second,  al- 
though Riemann,  and  subsequently 
also  Helmholtz,  made   use  of  the 
term     "  manifold  "    {Mannigfaltig- 
keit),  it  does  not   appear    in    the 
course  of  their  discussion  that  they 
considered  the  space-manifold  from 
any   other  than  a  metrical  point 
of  view.     In  fact,  the  manifold  be- 
comes in  their  treatment  a  magni- 
tude   {Grdsse).     It    is    true    that 
Riemann    does    refer    to    certain 
geometrical     relations     not     con- 
nected with   magnitude  but  only 
with   position,   as    being    of  great 
importance.     These      two     points 
through   which   the   researches   of 
Riemann  and  Helmholtz  stand  in 
relation    to    other,     and    at    the 
time     isolated,     researches,     were 
dwelt   on,   the   first  by   Beltrami, 
and    the    second    by    Cayley    and 
Prof.  Klein. 
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ent  origin:  both  made  use  of  the  more  general  con- 
ception of  an  extended  magnitude,  introduced  the 
notion  of  the  curvature  of  space  by  analogy  with 
Gauss's  measure  of  curvature  of  a  surface,  and  tried 
to  express  in  algebraical  formulae  the  general  and 
necessary  properties  of  a  magnitude  which  should  form 
the  foundation  of  a  geometry.  The  relation  of  these 
algebraical  results  to  those  arrived  at  by  the  critical 
and  purely  geometrical  methods  of  Lobatchevski  and 
Bolyai  were  set  out  by  Beltrami,  who  showed  clearly 
that  three  geometries  of  two  dimensions  are  possible — 
the  Euclidean,  that  of  Lobatchevski,  where  the  three 
angles  of  a  triangle  are  less  than  two  right  angles, 
and  a  third  where  they  are  more.  He  showed  the 
analogy  of  the  third  with  geometry  on  the  sphere, 
and  suggested  the  pseudo-sphere  as  a  surface  on  which 
the  second  could  be  similarly  represented.  At  the 
same  time  he  indicated  the  generalisation  through  the 
algebraical  formula  of  the  conception  of  dimensions,  and 
introduced  the  symbolical  term  geometry  of  four  or 
more  dimensions,  as  Grassmann  and  Cayley  had  done 
before  him.^     Through  all  these  investigations  a  habit 


J  : 


^  The  geometry  of  non-Euclidean 
space,  as  well  as  the  geometry 
of  four  or  more  dimensions  (both 
usually  comprised  under  the  term 
*' non-Euclidean  geometry"),  can 
now  boast  of  an  enormous 
literature,  the  enumeration  of 
which  alone  would  fill  many 
pages.  A  complete  bibliography 
up  to  the  year  1878  is  given  in 
vols.  i.  and  ii.  of  the  American 
*  Journal  of  Mathematics  '  by  Prof. 
Bruce  Halsted,  who  has  done 
much  to  make  known  to  English 
readers    the    original    writings   of 


the  pioneers  in  this  subject. 
Later  publications  are  referred  to 
in  Dr  Victor  Schlegel's  papers 
('Leopoldina,'  xxii.,  1886,  Nos. 
9-18):  "Ueber  Entwickelung  und 
Stand  der  n-dimensionalen  Ge- 
ometric," &c.,  &c.  In  France 
Houel  published  (beginning  with  the 
year  1866)  translations  of  memoirs 
referring  to  this  subject ;  in  fact, 
he  was  almost  the  first  to  draw 
attention  to  this  important  modern 
departure.  But  it  is  almost  ex- 
clusively owing  to  the  various 
writings  of  Prof.  Felix  Klein  that 


has  been  introduced  into  mathematical  writings  which 
has  not  a  little  puzzled  outsiders,  and  even  exposed 
the  logically  rigorous  deductions  of  mathematicians  to 
the  ridicule— 7-not  to  say  the  contempt — of  eminent 
philosophical  authorities.  The  complete  pai-allelism  or 
correspondence  of  geometrical  with  algebraical  notions 
— the  possibility  of  expressing  the  former  with  perfect 
accuracy  by  the  latter,  and  of  retranslating  the  latter 
into  the  former,  and  this  in  more  than  one  way,  accord- 
ing to  the  choice  of  the  space  element  (point,  line, 
sphere),  led  to  the  habit  of  using  purely  geometrical  pre- 
sentable ideas  as  names  for  algebraical  relations  which 
had  been  generalised  by  the  addition  of  more  than 
a  limited  number  of  variables.  Thus  the  conception 
of   curvature,   easily    defined    for    a    plane    curve,  and 

Curvature 

extended  by  Gauss  to  surfaces,  was,  by  adding  a  third  of  space. 
variable  in  the  algebraic  formula,  applied  to  space. 
We  are  then  told  that  it  is  necessary  to  understand 
what  is  meant  by  the  curvature  of  space,  this  being  a 
purely  algebraical  relation,  not  really  presentable,  but 
only  formed  by  analogy  from  the  geometrically  present- 
able relations  of  geometry  on  a  surface.     In  a  similar 


54. 


the  difierent  points  of  origin  of  this 
most  recent  mathematical  specula- 
tion, which  are  to  be  found  in 
the  mathematical  literature  of  all 
the  principal  nations,  have  been 
put  in  the  true  light  and  brought 
into  connection.  In  fact,  here, 
as  in  several  other  subjects,  his 
publications,  including  his  litho- 
graphed lectures  on  non-Euclidean 
geometry  (delivered  at  Gottingen, 
1893-94),  serve  as  the  best  guide 
through  the  labyrinth  and  contro- 
versies of  this  intricate  subject. 
See  especially  his   article  "Ueber 


die  so-genannte  nicht-Euclidische 
Geometrie"  in  vol.  iv.,  'Math.  Ann.,' 
1871.  In  this  paper  he  connects  the 
independent  researches  of  Cayley 
(following  Laguerre,  *  Nouv.  Ann. 
de  Math.,'  1853),  who  in  his  sixth 
memoir  on  Quantics  showed  how 
metrical  geometry  can  be  included 
in  projective  geometry  by  refer- 
ring figures  to  a  fundamental  fixed 
figure  in  space  called  by  him  the 
"Absolute,"  with  the  independent 
researches  of  Lobatchevski,  Bolyai, 
Riemaun,  and  Beltrami. 
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way  the  idea  of  the  dimensions  of  space  was  extended, 
and  four  and  more  dimensions  freely  spoken  of  when 
really  only  a  limited  number  is  geometrically  pres- 
entable. In  the  hands  of  mathematicians  these  terms 
are  useful,  and  we  may  discard  the  criticism  of  philo- 
sophers and  laymen  as  based  on  misunderstanding.^ 
The  introduction,  however,  into  geometrical  work  of  con- 
ceptions such  as  the  infinite,  the  imaginary,  and  the 
relations  of  hyperspace,  none  of  which  can  be  directly 
imaged,  has  a  psychological  significance  well  worthy 
of  examination.2  It  gives  a  deep  insight  into  the 
resources  and  working  of  the  mind.  We  arrive  at 
the  borderland  of  mathematics  and  philosophy. 

^  The  most  important  philosophi- 
cal criticism  of  the  non-Euclidean 
geometry  is  that  of  Lotze,  con- 
tained in  the  second  book,  chap, 
ii.,  of  the  *  Metaphysik '  (1879,  p. 
249,  &c.)  It  must  not  be  forgotten 
that  Lotze  wrote  at  a  time  when 
the  novel  and  startling  conceptions 
put  forward  by  popular  writers  on 
the  subject  had  been  employed  in 
the  interest  of  a  spiritualistic  philo- 
sophy, to  the  delusions  of  which 
some  even  of  Lotze's  friends  had 
fallen  a  prey.  This  explains  the 
severity  of  Lotze's  criticisms,  which 
are  of  the  very  same  nature  as  those 
he  pronounced  many  years  earlier 
on  similar  aberrations  (see  '  Kleine 
Schi-iften,'  vol.  iii.  p.  329).  Those 
who  are  interested  in  following  up 
the  subject  should  refer  to  the 
writings  of  Friedr.  Zollner  as  col- 
lected in  the  four  vols,  of  his 
*  Wissenschaf tliche  Abhandlungen ' 
(Leipzig,  1878-81).  They  belong 
to  the  curiosities  of  the  philosophi- 
cal and  scientific  literature  of  that 
age,  but  can  hardly  claim  a  place  in 
the  history  of  thought. 

-  See  the  remark  of  Cayley  in  his 
Presidential  Address  (*  Coll.  Works,' 


vol.  xi.  p.  434) :  '*  The  notion, 
which  is  really  the  fundamental 
one  (and  I  cannot  too  strongly 
emphasise  the  assertion),  under- 
lying and  pervading  the  whole  of 
modern  analysis  and  geometry,  is 
that  of  imaginary  magnitude  in 
analysis  and  of  imaginary  space  (or 
space  as  a  locus  in  quo  of  imaginary 
points  and  figures)  in  geometry.  I 
use  in  each  case  the  word  imaginary 
as  including  real.  This  has  not 
been,  so  fares  I  am  aware,  a  subject 
of  philosophical  discussion  or  in- 
quiry. As  regards  the  older  meta- 
physical writers,  this  would  be  quite 
accounted  for  by  saying  that  they 
knew  nothing,  and  were  not  bound 
to  know  anything,  about  it ;  but  at 
present,  and  considering  the  prom- 
inent position  which  the  notion 
occupies — say  even  that  the  conclu- 
sion were  that  the  notion  belongs 
to  mere  technical  mathematics  or 
has  reference  to  nonentities,  iui 
regard  to  which  no  science  is  pos- 1 
sible — still  it  seems  to  me  that  (as 
a  subject  of  philosophical  discussion) 
the  notion  ought  not  to  be  thus 
ignored  ;  it  should  at  least  be  shown 
that  there  is  a  right  to  ignore  it." 


There  exists,  moreover,  an  analogy  between  the 
manner  in  which  these  novel  and  extended  ideas  have 
been  historically  introduced  and  the  mode  of  reasonino- 
which  led  Sir  W.  E.  Hamilton  to  the  invention  of  a  new 
and  extended  algebra — the  algebra  of  quaternions.  This 
analogy  becomes  evident  if  we  study  the  small  volume  of 
Hermann  HankeJ,  which  appeared  about  the  same  time 
as  Eiemann's  and  Beltrami's  fundamental  geometrical 
dissertations. 

The  extension  of  Hamilton  was  only  possible  by  drop-       55. 
ping  one  of  the  fundamental  principles  of  general  arith-  SncepJIonl 
metic,  the  commutative  principle  of  multiplication,  which 
is  symbolically  expressed  by  saying  that  axbis  equal  to 
hxa.     By  assuming  that  axhis  equal  to  -hxa,  Hamil- 
ton founded  a  new  general  arithmetic  on  an  apparently 
paradoxical  principle.     Similarly  Lobatchevski  and  Bolyai 
constructed  new  geometries  by  dropping  the  axiom  of 
parallel  lines.     Hankel  made  clear  the  significance  of  the 
new  algebra,  Kiemann  and  Beltrami  that  of  the  new  geom- 
etry.    The  practical  performance  anticipated  and  led  up 
to  the  theoretical  or  philosophical  exposition  of  the  under- 
lying principles.     But   there   was   a   third  instance   in 
which  a  new  science  had  been  created  by  abandoning  the 
conventional  way  of  looking  at  things.     This  was   the 
formation  of  a  consistent  body  of  geometrical  teaching 
by   disregarding   the  metrical    properties  and   studying 
only   the  positional   or   projective  properties,   following 
Monge  and  Poncelet.     The  two  great  minds  who  worked 
out  this  geometry  independently  of  the  conception   of 
number   or   measurement,   giving   a   purely  geometrical 
definition  of  distance  and  number,  were  Cayley  in  Eng- 
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Klein's 
exposition. 


n 


land  and  Von  Staudt  in  Germany.  It  was  reserved  for 
Prof.  Felix  Klein  of  Gottingen  to  show  how  the  gener- 
alised notions  of  distance  introduced  into  geometry  by 
Cayley  and  Von  Staudt  opened  out  an  understanding  of 
the  three  geometries  of  Euclid,  of  Lobatchevski,  and  of 
Riemann.^  We  have  to  go  back  to  the  purely  projective 
properties  of  space  to  understand  these  different  possi- 
bilities. Lobatchevski  attacked  the  problem  practically, 
Riemann  analytically,  Klein  geometrically.  Through  the 
labours  of  Klein  the  subject  has  arrived  at  a  certain 
finality.  And  what  was  still  wanting  after  he  had 
written  his  celebrated  memoir  (which  was  approved  and 


1  See  the  note  on  p.  714,  above ; 
also 'Math.  Ann.,' vol.  iv.  P-  573, 
and  vol.   vi.  p.   112.     Prof.   Klem 
—following    a    usage     in     mathe- 
matical    language  —  distinguishes 
three    different     geometries,     the 
hyperbolic,    the    elliptic,   and    the 
parabolic  geometry,   corresponding 
to  the  possession  by  the  straight 
line  at  infinity  of  two  real  or  two 
imaginary   (that   is,  none)  or   two 
coincident     points.      The     whole 
matter  turns  upon  the   fact  that, 
although     metrical     relations     of 
figures    are     in     general    changed 
by  projection,  there  is  one  metri- 
cal   relation— known   in   geometry 
as    the    "auharmonic    ratio       (m 
German   Doppclverhdltniss)—yfhich 
in    all    projective   transformations 
remains   unchanged.     As   this   an- 
harmonic  ratio  of   points  or  lines 
can   be   geometrically    constructed 
without    reference     to     measure- 
ment   (Von     Staudt,    *  Geometric 
der    Lage,*    1847    and     1857)     a 
method  is  thus   found   by  which, 
starting  from  a  purely  descriptive 
property  or  relation,  distance  and 
angles— i.e.,  metrical   quantities- 
can  be  defined.     Some  doubts  have 


been   expressed   whether,   starting 
from    the    purely   projective    pro- 
perties of   space  and   building   up 
geometry  in  this  way  (arriving  at 
the     metrical     properties    by    the 
construction     suggested     by     Von 
Staudt),     the     ordinary     idea     of 
distance  and  number  is  not  tacitly 
introduced     from     the    beginning. 
This     may     be     of     philosophical, 
but      is     not     of     mathematical, 
importance,    as    the    main    object 
in  the  mathematical  treatment  is 
to     gain    a    starting-point     from 
which    the    several    possible    con- 
sistent  systems   of   geometry    can 
be   deduced  and   taken   into  view 
together.       See     on     this     point, 
inter    alia,    Cayley's    remarks    in 
the   appendix   to  vol.  ii.  of  '  Col- 
lected Works*    (p.    604  sqq.\   also 
Sir    R.     S.    Ball's    paper    (quoted 
there),  and  more  recently  the  dis- 
cussion    on     the     subject    in    Mr 
Bertrand   Russell's   'Essay  on  the 
Foundations  of   Geometry'  (1897, 
p.    31,    &c.  ;    p.    117,    &c.)     See 
also  the  same   author's  article   on 
non -Euclidean    Geometry    in    the 
supplement   of   the   '  Ency.  Brit., 
vol.  xxviii. 
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commented  on  by  Cayley)  was  later  on  supplied  in  con- 
sequence of  a  suggestion  of  his.  The  researches  of 
Riemann,  and  still  more  those  of  Helmholtz,  had  not 
merely  a  mathematical,  they  had  also  a  logical  and  a 
psychological,  meaning.  Space  was  conceived  to  be  a 
threefold  -  extended  manifold.  There  are  other  mani- 
folds besides  space — such,  for  instance,  as  the  threefold- 
extended  manifold  of  colours.  Helmholtz  came  from  the 
study  of  this  manifold  to  that  of  space.  Now  the 
question  arises  as  to  the  conditions  or  data  which  are 
necessary  and  sufficient  for  the  foundations  of  a  science 
like  geometry.  We  have  seen  that  the  axiom  of  parallel 
lines  is  not  required ;  we  have  also  seen  that  the  notion 
of  distance  and  number  can  be  generalised.  What  other 
data  remain  which  cannot  be  dispensed  with  ?  Helm- 
holtz had  attempted  to  answer  this  question.  But 
neither  he  nor  Eiemann  had  considered  the  possibility 
of  a  purely  projective  geometry.  Now  it  is  the  merit  of 
Prof.  Klein  to  have  seen  that  there  exists  a  purely  alge- 
braical method  by  which  this  problem  can  be  attacked. 
This  is  the   method   of  groups  referred   to  above,  and  ^  57. 

Sophus  Lie. 

applied  by  Sophus  Lie  to  assemblages  of  continuously 
variable  quantities.  Klein  was  one  of  the  first  to  recog- 
nise the  power  of  this  new  instrument.  He  saw  that 
the  space  problem  was  a  problem  of  transformations,  the 
possible  motions  in  space  forming  a  group  with  definite 
elements  (the  different  freedoms  of  motion)  which  were 
continuously  variable — i.e.,  in  infinitesimal  quantities — 
and  which  returned  into  themselves  under  certain  well- 
defined  conditions.  They  possessed,  moreover,  in  the 
maintenance  of  distance   the  algebraic  property   of   in- 
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variance.  He  also  expressed  some  doubt  regarding  the 
logical  consistency  of  the  assumptions  of  Helmholtz. 
Sophus  Lie  undertook  this  investigation,  and  thus 
brought  the  logical  side  of  the  labours  of  Kiemann 
and  Helmholtz  to  a  final  conclusion.^  This  is  one  of 
the  celebrated  instances  where  the  rigorous  algebraical 
methods  have  detected  flaws  in  the  more  intuitional  or 
purely  geometrical  process,  and  extended  our  knowledge 
of  hidden  possibilities. 

But  there  is  yet  another  branch  of  the  great  science 
of  number,  form,  and  interdependence,  the  principles 
and  foundations  of  which  had  been  handed  down  from 
earlier  ages,  where  the  critical  and  sifting  process  of  the 
nineteenth  century"  has  led  to  an  expansion  and  revolu- 
tion of  our  fundamental  ideas.  Here  also,  as  in  so 
many  other  directions,  the  movement  begins  with  Gauss. 
Hitherto  I  have  spoken  mainly  of  dgebra  or  general 
arithmetic,  of  geometry,  of  the  connections  of  both  in  the 


1  "  Lie  was  early  made  aware  by 
Klein  and  his  "  program  "  that  the 
space  problem  belonged  to  the 
theory  of  groups.  .  .  .  Ever  since 
1880  he  had  been  pondering  over 
these  questions  ;  he  published  his 
views  first  in  1886  on  the  occasion 
of  the  Berlin  meeting  of  natural 
philosophers.  Helmholtz's  concep- 
tion was  itself  unconsciously  (but 
remarkably  so,  inasmuch  as  it 
dates  from  1868)  one  belonging  to 
the  theory  of  groups,  trying,  as  it 
did,  to  characterise  the  groups  of 
the  sixfold  infinite  motions  in 
space,  which  led  to  the  three 
geometries,  in  comparison  with  all 
other  groups.  He  did  this  by 
fixing  on  the  free  mobility  of  rigid 
bodies — i.e.,  on  the  existence  of  an 
invariant    between   two   points   as 


the  only  essential  invariant.  Wlien 
Lie  took  up  this  problem  in  prin- 
ciple, as  one  belonging  to  the  theory 
of  groups,  he  recognised  that  for 
our  space  that  part  of  the  axiom  of 
monodromy  was  unnecessary  which 
added  periodicity  to  the  free  mo- 
bility round  a  fixed  axis.  .  .  . 
The  value  of  these  investigations 
lies  mainly  in  this,  that  they  permit 
of  our  fixing  for  every  kind  of  geo- 
metry the  most  appropriate  system 
of  axioms.  .  .  .  And  they  justly 
received  in  the  year  1897  the  first 
Lobatchevski  prize  awarded  by  the 
Society  of  Kasan"  (M.  Nother, 
•  Math.  Ann.,'  vol.  liii.  p.  38).  A 
lucid  exposition  of  Lie's  work  will 
be  found  in  Mr  B.  Russell's  '  Essay,' 
&c.,  p.  47  sqq. 


theory  of  forms  and  functions :  there  remains  the  science 
of  numbers — of  number  in  the  abstract  and  also  of  the  58. 
named  numbers  of  ordinary  arithmetic.  Gauss's  earliest  numbers. 
labours  were  connected  with  this  branch.  Superseding 
the  work  of  Fermat,  Euler,  and  Legendre,  he  produced 
that  great  book  with  seven  seals,  the  '  Disquisitiones 
ArithmeticjB.'  The  seals  were  only  gradually  broken. 
Lejeune  Dirichlet  did  much  in  this  way :  others  followed, 
notably  Prof.  Dedekind,  who  published  the  lectures  of 
Dirichlet  and  added  much  of  his  own.  The  question 
may  be  asked.  Have  we  gained  any  new  ideas  about 
numbers  ? 

In  this  abstract  inquiry  we  can  again  facilitate  our 
survey  by  distinguishing  between  the  practical  and  the 
purely  theoretical  interests  which  stimulated  it.  Look- 
ing at  the  matter  as  well  as  the  formal  treatment  by 
which  it  was  rendered  accessible,  we  may  say  Gauss  not 
only  taught  us  some  very  remarkable  new  properties  of 
numbers  — he  also  invented  a  new  instrument  or  calculus 
for  their  investigation.  Let  us  consider  his  work  and 
that  of  his  followers  from  these  different  points  of  view. 

First,  then,  there  were  certain  definite  problems  con- 
nected with  the  properties  of  numbers  which  had  been 
handed  down  from  antiquity.  Such  were  the  division  of 
the  circle  into  equal  parts  by  a  ready  geometrical  con- 
struction, the  duplication  of  the  cube,  and  the  quad- 
rature of  the  circle  or  the  geometrical  construction 
of  the  number  tt.^     To  the  latter  may  be  attached  the 


P 


^  See  above,  vol.  i.  p.  181,  note. 
The  student  will  find  much  in- 
teresting matter  referring  to  these 
problems    in    Prof.    Klein's    little 

VOL.  II. 


volume  entitled  *  Famous  Problems 
in  Elementary  Geometry,'  transl. 
by  Beman  and  Smith,  Boston  and 
London,  1879.     In  it  is  also  given 
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properties  of  the  number  e,  the  basis  of  the  Napierian  or 
natural  logarithms,  this  number  having  been  shown  by 
Euler  to  stand  in  a  remarkable  arithmetical  relation  to 
the  number  tt — a  relation  which  could  be  very  simply 
expressed  if  one  had  the  courage  to  make  use  of  the 
imaginary  unit.  As  in  the  instance  referred  to  above, 
when  I  dealt  with  the  problem  of  the  solution  of  the 
higher  order  of  equations,  so  also  in  the  case  of  the  three 
celebrated  problems  now  under  review,  the  reasoninj^  of 
the  mathematicians  of  the  nineteenth  century  lay  largely 
in  proving  why  these  problems  were  insoluble  or  in 
defining  those  special  cases  in  which  they  were  soluble. 
Moreover,  the  labours  of  Gauss  and  the  class  of  mathe- 
maticians who  followed  or  read  him  were  directed 
towards  the  defining  and  fixing  of  general  conceptions, 
the  study  and  elaboration  of  which  embraced  these  single 
problems  as  special  cases.  Prime  numbers  had  always 
been  the  object  of  special  attention.     Division  and  par- 


an  account  of  several  mechanical 
contrivances  for  the  solution  of 
transcendental  problems,  or  of  those 
v^r'here  the  use  of  the  compass  and 
the  ruler  do  not  suffice.  Although 
accurate  constructions  with  a  ruler 
and  compass,  or  with  either  alone, 
were  known  to  the  ancients  only  iu 
comparatively  small  numbers,  ap- 
proximations, and  sometimes  very 
close  ones,  seem  to  have  been 
known.  A  very  interesting  exam- 
ple is  Rober's  construction  of  the 
regular  heptagon,  of  which  we  read 
in  the  correspondence  of  Sir  W.  R. 
Hamilton  with  De  Morgan  (Life  of 
Hamilton,  by  Graves,  vol.  iii.  pp. 
141,  534),  and  which  was  described 
by  him  in  the  'Phil.  Mag.,'  Feb- 
ruary 1864.  The  approximation  to 
the  correctly  calculated  figure  of 


the  true  septisection  of  the  circle 
was  so  close  that  he  could  not 
discover,  up  to  the  7th  decimal, 
whether  the  error  was  in  the  direc- 
tion of  more  or  less.  On  carrying 
the  calculation  further,  he  found  the 
approximation  to  be  such  that  a 
heptagon  stepped  round  a  circle 
equal  in  size  to  the  equator  would 
reach  the  starting-point  within  50 
feet.  The  inventor  or  discoverer 
of  this  method  — Rober,  an  archi- 
tect of  Dresden— supposed  that  it 
was  known  to  the  ancient  Egyptians, 
and  in  some  form  or  other  con- 
nected with  the  plans  of  the  temple 
at  Edfu,  but  on  this  point  I  have 
obtained  no  information.  The  ques- 
tion is  not  referred  to  in  Prof. 
Cantor's  'History  of  Mathematics.' 


59. 

Gauss's 


tition  of  numbers  had  been  studied,  and  many  interesting 
formulae  had  been  found  by  induction,  and  subsequently 
proved — or  not  proved — by  a  multitude  of  ingenious 
devices.  As  in  so  many  other  directions  of  research 
so  also  here,  the  genius  of  Gauss  gave  a  great  impetus  to 
progress  by  the  invention  of  a  definite  calculus  and  an  tiTeo^i^'of 

congru- 

algorithm.  This  invention  referred  to  the  solution  of  ^''*^^'- 
what  used  to  be  known  as  indeterminate  equations:  to 
find  two  or  more  numbers — notably  integers,  which  obey 
a  certain  algebraical  relation.  For  one  large  class  of 
these  problems  (which  already  occupied  the  ancient 
geometers),  viz.,  those  of  the  divisibility  of  one  number 
by  another  (called  the  modulus)  with  or  without  residue, 
Gauss  invented  the  conception  and  notation  of  a  con- 
gruence. Two  numbers  are  congruent  if  when  divided 
by  a  certain  number  they  leave  the  same  remainder.  "  It 
will  be  seen,"  says  Henry  Smith,  "  that  the  definition  of 
a  congruence  involves  only  one  of  the  most  elementary 
arithmetical  conceptions — that  of  the  divisibility  of  one 
number  by  another.  But  it  expresses  that  conception 
in  a  form  so  suggestive  of  analysis,  so  easily  available  in 
calculation  and  so  fertile  in  new  results,  that  its  introduc- 
tion into  arithmetic  has  proved  a  most  important  contri- 
bution to  the  progress  of  the  science."^  Notably  the 
analogy  with  ordinary  algebraic  equations  and  the  possi- 
bility of  transferring  the  properties  and  treatment  of 
these  was  at  once  evident.      It  became  a  subject   of 


^  See  Henry  J.  S.  Smith  in  his 
most  valuable  *  Report  on  the 
Theory  of  Xumbers'  (Brit.  Assoc, 
1859-65,  six  parts.  Reprinted  in 
*  Collected    Math.   Papers,'   vol.   i. 


pp.  38-364).  It  gives  a  very  lucid 
account  of  the  history  of  this  de- 
partment of  mathematical  science 
up  to  the  year  1863. 
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interest   to  determine    the    residues   of    the    powers  of 
numbers.     A  number  is  said  to  be  a  quadratic,  cubic, 
or  biquadratic  residue  of  another  (prime)  number  (the 
modulus)  if  it  is  possible  to  find  a  square,  cube,  or  bi- 
quadratic   number   which    is   congruent  with    the    first 
number.     The  theory  of  congruences  was  a  new  calculus : 
as  such  it  was,  like  the  theory  of  determinants  or  of  in- 
variants or  the  general  theory  of  forms,  a  tactical  device 
for  bringing  order  and  simplicity  into  a  vast  region  of 
very  complicated  relations.     Gauss  himself  wrote  about  it 
late  in  life  to  Schumacher.^     "  In  general  the  position  as 
regards  all  such   new  calculi  is  this — that  one  cannot 
attain  by  them  anything  that  could  not  be  done  without 
them:   the  advantage,  however,  is,  that  if  such   a  cal- 
culus corresponds  to  the  innermost  nature  of  frequent 
wants,  every  one  who  assimilates  it  thoroughly  is  able — 
without  the  unconscious  inspiration  of  genius  which  no 
one   can   command — to   solve   the   respective   problems, 
yes,   even   to   solve   them   mechanically   in   complicated 
cases  where  genius  itself  becomes   impotent.     So  it  is 
with   the   invention  of  algebra    generally,   so  with  the 
differential  calculus,  so  also — though  in  more  restricted 
reaions — with    Lagrange's    calculus   of   variations,  with 
my  calculus  of  congruences,  and  with  Mobius's  calculus. 
Through    such    conceptions    countless    problems    which 
otherwise  would  remain  isolated  and  require  every  time 
(larger  or  smaller)  efforts  of  inventive  genius,  are,  as  it 
were,  united  into  an  organic  whole."     But  a  new  calculus 
frequently  does  more  than  this.     In  the  course  of  its 

1  See  '  Brief  wechsel,'  &c.,  vol  iv.  p.  147  ;  also  Gauss's  '  Werke,'  vol.  viii. 
p.  298. 
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application  it  may  lead  to  a  widening  of  ideas,  to  an 
enlargement  of  views,  to  a  removing  of  artificial  and  con- 
ventional barriers  of  thought.  As  I  stated  early  in  this 
chapter,  the  attempts  of  Gauss  to  prove  the  fundamental 
theorem  of  algebra,  that  every  equation  has  a  root, 
suggested  to  him  the  necessity  of  introducing  complex 
numbers ;  the  development  of  the  theory  of  congruences 
and  of  residues — notably  of  the  higher  residues — con- 
firmed this  necessity.  In  the  year  1831,  in  his  memoir 
on  biquadratic  residues,  he  announces  it  as  a  matter  of 
fundamental  importance.  In  the  earlier  memoir  he  had 
treated  this  extension  of  the  field  of  higher  arithmetic 
as  possible,  but  had  reserved  the  full  exposition.  And 
before  he  redeemed  this  promise  the  necessity  of  doing 
so  had  been  proved  by  Abel  and  Jacobi,  who  had  created 
the  theory  of  elliptic  functions,  showing  that  the  concep- 
tion of  a  periodic  function  (such  as  the  circular  or 
harmonic  function)  could  be  usefully  extended  into  that 
theory,  if  a  double  period — a  real  and  an  imaginary 
one — were  introduced.  A  simplification  similar  to  that 
which  this  bold  step  led  to  in  the  symbolic  represen- 
tation of  those  higher  transcendents,  had  been  discovered 
by  Gauss  to  exist  in  the  symbolical  representation  of 
the  theory  of  biquadratic  residues  which  only  by  the 
simultaneous  use  of  the  imaginary  and  the  real  unit 
"  presented  itself  in  its  true  simplicity  and  beauty."  In 
this  theory  it  was  necessary  to  introduce  not  only  a 
positive  and  negative,  but  likewise  a  lateral  system  of 
counting — i.e.,  to  count  not  only  in  a  line  backwards  and 
forwards,  but  also  sideways  in  two  directions,  as  Gauss 
showed  very  plainly  in  the  now  familiar  manner.    At  the 
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same  time  a  metaphysical  question  presented  itself — viz., 
Can  such  an  extension  into  more  than  two  dimensions 
be  consistently  and  profitably  carried  out  ?  Gauss  had 
satisfied  himself  that  it  could  not ;  ^  but  the  proof  of  this 
was  only  given  in  more  recent  times  by  Weierstrass,  who 
definitely  founded  the  whole  discussion  of  the  subject  on 
the  logical  principle  "  that  the  legitimacy  of  introducing 
a  number  into  arithmetic  depends  solely  on  the  defini- 
tion of  such  number."  And  this  leads  me  to  another 
extension  in  the  region  of  number  suggested  by  Gauss's 
treatment,  which  has  also  become  fundamental,  and,  in 
the  hands  of  Dirichlet,  Kummer,  Liouville,  Dedekind, 
and  others,  has  remodelled  the  entire  science  of  higher 
arithmetic.     It  is  based  on  the  logical  process   of   the 

1  A  concise  history  of  this  sub- 
j€ct  is  given  by  Kossak  in  the 
Program  referred  to  above,  p. 
712,  note.  Gauss  had  promised 
to  answer  the  question,  "Why 
the  relations  between  things  which 
have  a  manifoldness  of  more  than 
two  dimensions  would  not  admit 
of  other"  (than  the  ordinary  com- 
plex numbers  introduced  by  him) 
"  fundamental  quantities  being  in- 
troduced into  general  arithmetic  ? " 

He   never  redeemed   his   promise. 

In    consequence    of    this,    several 

eminent    mathematicians,    notably 

Hankel,    Weierstrass,     and     Prof. 

Dedekind,  have  attempted  to  reply 

to  this  question,  and  to  estab- 
lish the  correctness  of  the  im- 
plied   thesis    according    to    which 

any     system    of    higher    complex 

numbers  becomes  superfluous  and 

useless.     Prof.    Stolz,  in   the   first 

chapter  of   the   second  volume  of 

his  'Allgemeine  Arithmetik,'  gives 

an  account  of  these  several  views, 

which    do     not    exactly    coincide. 

In    general,     however,    the    proof 

given    by   Weierstrass,    and     first 


published    by    Kossak,    has     been 
adopted.     This  proof  is  based  upon 
the    condition    that    the    product 
of  several  factors  cannot  disappear 
except  one  of  its  factors  is  equal  to 
zero.     "  We   must,   therefore,  ex- 
clude from  general  arithmetic  com- 
plex  numbers   consisting  of   three 
fundamental    elements.      This    is, 
however,  not  necessary  if  the  use  of 
them  be  limited  "  by  some  special 
conditions  (Kossak,  loc.  cit.,  p.  27). 
In  the  course  of   the    further  de- 
velopment  of  this   matter  Weier- 
strass arrives  at  the  fundamental 
thesis    "that   the   domain   of   the 
elementary    operations     in    arith- 
metic   is    exhausted    by    addition 
and   multiplication,   including   the 
inverse  operations   of    subtraction 
and  division."    "There  are,"  says 
Weierstrass,     "no    other     funda- 
mental    operations  —  at    least    it 
is    certain    that    no    example    is 
known    in    analysis    where,   if    an 
analytical     connection     exists     at 
all,  this  cannot   be    analysed  into 
and   reduced  to  those   elementary 
operations"  (p.  29). 


inversion  of  operations  in  the  most  general  manner.  In 
the  direct  process  we  build  up  algebraical  formulae — 
called  equations  or  forms — by  a  combination  of  addition 
and  multiplication.  We  can  omit  subtraction  and 
division,  as  through  the  use  of  negative  quantities  and 
fractions  these  are  reduced  to  the  former.  Now,  given 
the  most  general  algebraical  equation  or  form,  we  can 
search  out  and  define  the  simple  factors  or  forms  into 
which  it  can  be  split  up,  and  these  factors  and  their  pro- 
ducts we  can  take  to  serve  as  the  definition  of  numbers. 
The  question  then  arises,  What  are   the  properties  of       ei. 

Process  of 

numbers  thus  inversely  defined  ?  and,  secondly.  Do  these  inversion, 
numbers  exhaust  or  cover  the  whole  extent  of  number  as 
it  is  defined  by  the  uses  of  practical  life  ?  The  answer 
to  the  former  question  led  to  the  introduction  of  complex 
and  subsequently  of  ideal  numbers;  the  discovery  by 
Liouville  that  the  latter  is  not  the  case  has  led 
to  the  conception  of  transcendental,  i.e.,  non- algebraic, 
numbers. 

The  idea  of  generalising  the  conception  of  number,  by 
arguing  backward  from  the  most  general  forms  into 
which  ordinary  numbers  can  be  cast  by  the  processes  of 
addition  and  multiplication,  has  led  to  a  generalised 
theory  of  numbers.  Here,  again,  the  principal  object 
is  the  question  of  the  divisibility  of  such  generalised 
algebraical  numbers  and  the  generalised  notion  of  prime 
numbers — i.e.,  of  prime  factors  into  which  such  num- 
bers can  be  divided.  Before  the  general  theory  was 
attempted  by  Prof.  Dedekind,  Kronecker,  and  others, 
the  necessity  of  some  extension  in  this  direction  had 
already  been  discovered   by  the  late  Prof.  Kummer  of 
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Berlin  when  dealing  with  a  special  problem.  This  was 
no  other  than  the  celebrated  problem  of  the  division  of 
the  circle  into  equal  parts,  which  had  been  reduced  by 
Gauss  to  an  arithmetical  question.  Gauss  had  shown 
that  the  accurate  geometrical  solution  of  this  problem 
depended  on  the  solution  of  certain  simple  binomial 
forms  or  equations.  The  study  of  such  forms  accord- 
ingly became  of  special  interest:  it  necessitated  the 
employment  of  the  extended  notion  of  number  called  by 
Gauss  that  of  complex  numbers.  Now  it  is  one  of  the 
fundamental  laws  in  the  theory  of  ordinary  numbers 
that  every  integer  can  be  divided  only  in  one  way  into 
prime  numbers.  This  law  was  found  to  break  down  at  a 
certain  point  if  complex  numbers  were  admitted.  Kum- 
mer,  however,  suggested  that  the  anomaly  disappeared  if 
we  introduced  along  with  the  numbers  he  was  dealing 
with  other  numbers,  which  he  termed  ideal  numbers — 
le.,  if  we  considered  these  complex  factors  to  be  divisible 
into  other  prime  factors.  The  law  of  divisibility  was 
thus  again  restored  to  its  supreme  position.  These 
abstract  researches  led  to  the  introduction  of  a  very 
useful  conception — the  conception  not  only  of  generalised 
numbers,  but  also  of  a  system  (body,  corpus,  or  region) 
of    numbers;^   comprising    all    numbers  which,  by  the 


1  The  idea  of  a  closed  system 
or  domain  of  generalised  numbers 
has  revolutionised  the  theory  of 
numbers.  Originally  the  theory  of 
numbers  meant  only  the  theory  of 
the  common  integers,  excluding 
complex  numbers.  Gauss,  in  the 
introduction  to  the  '  Disquisitioues,' 
limits  the  doctrine  in  this  way. 
He  excludes  also  the  arithmetical 
theories     which     are     implied    in 


cyclotomy — i.e.,  the  theory  of  the 
division  of  the  circle ;  stating  at 
the  same  time  that  the  principles 
of  the  latter  depend  on  theories 
of  higher  arithmetic.  This  con- 
nection of  algebraical  problems 
with  the  theory  of  numbers  be- 
came still  more  evident  in  the 
labours  of  Gauss's  successors  — 
Jacobi  and  Lejeune  Dirichlet,  and 
was     surprising   to    them.     "  The 


ordinary  operations  of  arithmetic,  can  be  formed  out  of 
the  units  or  elements  we  start  with.  Thus  all  rational 
integers  form  a  system;  we  can  compound  them,  but 
also  resolve  them  into  their  elements.  Where  we  intro- 
duce new  elements  or  units  we  only  arrive  at  cor- 
rect laws  if  we  are  careful  to  cover  the  whole  field  or 
system  which  is  measured  by  the  application  of  the 
fundamental  operations  of  arithmetic.  Throughout  all 
our  abstract  reasoning  it  is  the  fundamental  operations 
which  remain  permanent  and  unaltered, — a  rule  which. 


reason  for  this  connection  is  now 
completely  cleared  up.  The  theory 
of  algebraical  numbers  and  Galois's 
*  theory  of  equations '  have  their 
common  root  in  the  general  theory 
of  algebraical  systems ;  especi- 
ally the  theory  of  the  system  of 
algebraical  numbers  has  become 
at  the  same  time  the  most  im- 
portant province  of  the  theory  of 
numbers.  The  merit  of  having  laid 
down  the  first  beginnings  of  this 
theory  belongs  again  to  Gauss. 
He  introduced  complex  numbers, 
he  formulated  and  solved  the 
problem  of  transferring  the 
theorems  of  the  ordinary  theory 
of  numbers,  above  all,  the  pro- 
perties of  divisibility  and  the  re- 
lation of  congruence,  to  these 
complex  numbers.  Through  the 
systematic  and  general  develop- 
ment of  this  idea, — based  upon  the 
far-reaching  ideas  of  Kummer, — 
Dedekind  and  Kronecker  suc- 
ceeded in  establishing  the  modern 
theory  of  the  system  of  algebraical 
numbers"  (Prof.  Hilbert  in  the 
preface  to  his  "  Theorie  der  Alge- 
braischen  Zahlkbrper,"  'Bericht  der 
Math.  Ver.,'  vol.  iv.  p.  3).  In  the 
further  course  of  his  remarks  Prof. 
Hilbert  refers  to  the  intimate  con- 
nection in  which  this  general  or 
analytical  theory  of  numbers 
stands     with     other     regions     of 


modern  mathematical  science,  not- 
ably the  theory  of  functions.     "We 
thus    see,"  he   says,   '*how  arith- 
metic, the  queen  of  mathematical 
science,  has    conquered    large   do- 
mains and  has  assumed  the  leader- 
ship.     That    this    was    not    done 
earlier  and  more  completely,  seems 
to    me    to    depend     on    the    fact 
that  the   theory  of  numbers   has 
only  in  quite  recent  times  arrived 
at   maturity."      He   mentions  the 
spasmodic    character    which    even 
under    the    hands    of    Gauss    the 
progress  of  the  science  exhibited, 
and  says  that  this  was  characteristic 
of  the  infancy  of  the  science,  which 
has  only  in  recent  times  entered 
on  a   certain    and   continuous   de- 
velopment through  the  systematic 
construction  of  the  theory  in  ques- 
tion.    This    systematic    treatment 
was  given  for  the  first  time  in  the 
last  supplement  to  Dedekind's  edi- 
tion of   Dirichlet's  lectures  (1894, 
4th   ed.,   p.    134).     A   very    clear 
account  will  also  be  found  in  Prof. 
H.  Weber's  'Lehrbuch  der  Algebra' 
(vol.   ii.,    1896,    p.   487,   &c.)     He 
refers    (p.   494)    to    the    diflterent 
treatment  which  the  subject  has 
received  at  the  hands   of  its  two 
principal      representatives  —  Prof. 
Dedekind  (1871  onwards)  and  Kron- 
ecker   (1882) — and    tries   to   show 
the  connection  of  the  two  methods. 
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as  we  saw  above,  was  vaguely  foreshadowed  by  Peacock, 
and  expressly  placed  at  the   head  of  all  mathematical 
reasoning  by  Hermann  Hankel.     In  passing  it  may  also 
be  observed  how  the  notion  of  a  system  of  algebraical 
numbers,  which  belong  together  as  generated  in  certain 
defined  ways,  prepares  us  for  the  introduction  of  that 
general  theory  of  groups  which  is  destined  to  bring  order 
and  unity  into  a  very  large  section  of  scattered  mathe- 
matical reasoning.     The  great  importance  of  this  aspect 
is  clearly  and  comprehensively  brought  out  in  Prof.  H. 
Weber's  Algebra.     Nothing  could  better  convince  us  of 
the    great    change  which   has  come  over  mathematical 
thought  in    the   latter    half  of    the  nineteenth  century 
than^'a  comparison  of  Prof.  Weber's  Algebra  with  stand- 
ard  works  on  this  subject  published  a  generation  earlier. 
I    have    shown    how    the    definition    of    algebraical 
numbers  has  led  to  an  extension  and  generalisation  of 
the  conception  of  number.     Another  question  simultane- 
ously   presented    itself.  Does    this    extension  cover  the 
whole  field  of  numbers  as  we  practically  use  them  in 
ordinary  life  ?     The  reply  is  in  the  negative.     Practice 
is  richer   than  theory.     Nor    is    it    difficult    to    assign 
the  reason  of  this.     Numbering  is  a  process  carried  on 
in    practical  life  for    two    distinct  purposes,  which  we 
distinguish  by  the  terms  counting  and  measuring.     Num- 
bering must    be   made   subservient    to   the  purpose  of 
measuring.     Thus  difficulties   arising  out  of  this  use  of 
numbers  for  measuring   purposes    presented  themselves 
early  in  the  development  of  geometry  in  what  are  called 
the   incommensurable  quantities :    taking   the  side  of  a 
square  as  ten,  what  is  the  number  which  measures  the 
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diagonal  ?  Assume  that  we  prolong  the  side  of  the  square 
indefinitely,  we  have  a  clear  conception  of  the  position 
of  the  numbers  15,  20,  30,  &c. ;  but  what  is  the  exact 
number  corresponding  to  the  length  of  the  diagonal? 
This  led  to  the  invention  of  irrational  numbers:  it 
became  evident  that  by  introducing  the  square  root  of 
the  number  2  we  could  accurately  express  the  desired 
number  by  an  algebraical  operation.  But  there  are 
other  definite  measurements  in  practical  geometry  which 
do  not  present  themselves  in  the  form  of  straight  lines, 
such  as  the  circumference  of  a  circle  with  a  given  radius. 
Can  they,  like  irrational  quantities,  be  expressed  by 
definite  algebraical  operations  ?  Practice  had  early  in- 
vented methods  for  finding  such  numbers  by  enclosing 
them  within  narrower  and  narrower  limits;  and  an 
arithmetical  algorithm,  the  decimal  fraction,  was  in- 
vented which  expressed  the  process  in  a  compact  and 
easily  intelligible  form.  Among  these  decimal  fractions 
there  were  those  which  were  infinite — the  first  instances 
of  infinite  series — progressing  by  a  clearly  defined  rule 
of  succession  of  terms ;  others  there  were  which  did  not 
show  a  rule  of  succession  that  could  be  easily  grasped. 
Much  time  was  spent  in  devising  methods  for  calculat- 
ing and  writing  down,  e.g.,  the  decimals  of  the  numbers 
IT  and  e} 

It  will  be  seen  from  this  very  cursory  reference  to 
the  practical  elements  of  mathematical  thought  how 
the  ideas   or   mental  factors  which  we   deal   with   and 


The  transcendent  nature  of  the 
numbers  e  and  ir  was  first  proved 
by  Hermite  and  Prof.  Lindemann. 
Ine  proofs   have    been    gradually 


simplified.  A  lucid  statement  will 
be  found  in  Klein's  *  Famous 
Problems,'  p.  49  sqq. 
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t)5. 
CSonnting 
and 
measuring. 


String  together  in  mathematical   reasoning  are  derived 
from    various    and    heterogeneous    sources.     We    begin 
with   counting,  then  we  introduce   measuring;  in  both 
cases   we  have  definite   elements  or   units   which  may 
serve   to    express    order   or   quantity   or   both,  and  we 
have    definite    conventional   operations;    then   we   have 
symbols  which  may  denote  order  or  quantity  or  oper- 
ation.    With    these    devices     we    perform    on    paper 
certain    changes,    and    we    get    accustomed  to    use   in- 
discriminately   these    heterogeneous    conceptions,    arith- 
metical, geometrical,  algebraical— nay,  even  dynamical,  as 
when  Newton  introduced   the   conception   of  a  flow  or 
fluxion.     As    mathematics    is    an    instrument    for    the 
purpose    of    solving    practical    problems,  skill    in    al- 
ternately  and    promiscuously    using    these    incongruous 
methods  goes  a  very  long  way.     Geometrical,  mechan- 
ical evidence  helps  frequently  where  pure  logic  comes 
to  a  standstill,  and   pure   logic  must   help  and  correct 
where   apparent    evidence    might    deceive    us.     Mathe- 
matics  and    science    generally    have  always  progressed 
by    this    alternate   use    of    heterogeneous    devices,    and 
will  probably  always  do  so.     The  straight  line  of  pure 
logic  has  but  very  meagre  resources,  and  resourcefulness 
is  the  soul  of  all   progress.     But  though  this  may  be 
so  in  practice,  there  are  two  other  interests  which  govern 
scientific  reasoning.     There  is  the  love  of  consistency  and 
accuracy,  and  of  clean  and  transparent,  as  distinguished 
from    muddled    and   scamped,  work.     The   latter   leads 
inevitably    into    serious    errors    and    paradoxes,  as   the 
great  mathematicians,  Gauss,  Cauchy,  Abel,  pointed  out 
early    in    the    century.     Mathematics    then    frequently 


exhibited  the  slovenliness  of  a  man  who  talks  at  the 
same  time  in  more  than  one  language,  because  he  is 
too  negligent  to  arrange  his  thoughts  clearly.  Then 
there  come  in  the  demands  of  the  teacher  who  has 
to  introduce  abstract  and  difficult  subjects  in  a  clear, 
consistent,  and  simple  manner,  taking  heed  that  with 
the  elements  he  does  not  introduce  the  sources  of 
future  error.  The  same  interest  that  led  in  ancient 
times  to  the  composition  of  the  Elements  of  Euclid  has 
led,  in  the  higher  education  of  the  nineteenth  century, 
beginning  with  the  Ecole  Polytechnique  and  ending  with 
Weiers trass's  famous  courses  of  lectures  at  Berlin,  to 
a  revision  and  recasting  of  the  whole  elementary  frame- 
work of  mathematics.  In  the  mean  time  the  resource- 
fulness in  applied  mathematical  thought  which  ever 
since  the  age  of  Newton  has  characterised  the  in- 
dividual research  of  this  country,  has  opened  out  new 
vistas  and  afforded  much  material  for  critical  siftings 
and  strict  definitions.  Both  qualities  were  united  in 
the  great  mind  of  Gauss  with  a  regrettable  absence  of 
the  love  of  teaching  and  the  communicative  faculty. 
Like  Newton's  *  Principia,'  his  greatest  works  will 
always  remain  great  storehouses  of  thought ;  while  his 
unpublished  remains  might  be  compared  to  the  Queries 
appended  to  the  '  Opticks '  and  to  the  '  Portsmouth 
Papers.' 

Several  eminent  mathematicians  in  France,  Germany, 
and  Italy  have  been  for  many  years  ^  working  at  the 


^  The  literature  of  this  sub- 
ject has  been  rapidly  increasing 
since  the  year  1872,  —  the  ap- 
proximate date  of    the    following 


V 


publications,  which  created  an 
epoch  :  R.  Dedekind,  '  Stetigkeit 
und  irrationale  Zahlen '  (Braunsch- 
weig,    1872);    E.    Heine,     "Die 


' 
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clearer  enunciation  of  the  fundamental  conceptions  of 
the  science,  and  though  the  ways  in  which  they 
approach  the  subject  are  different,  a  general  consensus 
seems  to  be  within  view  as  to  the  elementary  definitions. 
The  main  difficulty  lies  in  the  introduction  into  pure 
arithmetic  of  the  ideas  which  are  forced  upon  us  when 


Elemente    der    Functionenlehre " 
(*  Journal    fiir    Mathematik,'    vol. 
Ixxiv.  p.  172,  1872).     This  paper 
refers   both    to   Weierstrasa's   and 
Cantor's  theories  ;   H.   Kosaak,   in 
the    pamphlet    referred   to    above 
(p.  712,  note).     This  contains  the 
principles  of  Weierstrass's  theory  ; 
C.    H.     Meray,    '  Nouveau    Precis 
d' Analyse     infinitesimale '     (Paris, 
1872).      The    first    comprehensive 
publication   of    Georg   Cantor   be- 
longs  to   the   year  1883,   •Gnind- 
lagen    einer    allgemeinen    Mannig- 
faltigkeitslehre '     (Leipzig,     Teub- 
ner).     It  was  preceded  by  various 
articles  in  the  '  Journal  fiir  Mathe- 
matik,'   vol.    Ixxvii.    p.    257,    vol. 
Ixxxiv.   p.  82,  and    'Math.    Ann.,' 
vol.  XV.   p.  1,  in  which  he  had  in- 
troduced'^and  defined  several  of  the 
terms   and  conceptions   that   have 
since  become  generally  accepted  in 
writings   on   this   subject.      These 
earlier   publications,  by — or   refer- 
ring to — the  pioneers  in  this  new 
province  of  mathematical  thought, 
were    followed    by    a    number    of 
further     expositions    by     Cantor, 
Dedekind,    and   Weierstrass.     The 
principal  writings  of  Cantor  have 
been    republished    in    the    '  Acta 
Mathematica,'  vol.  ii.     Prof.  Dede- 
kind published  in  the  year  1888  an 
important    pamphlet,    'Was    sind 
und  was  soUen  die  Zahlen,'  and  has 
incorporated  many  of  the  results  of 
his  researches  in  his  later  editions 
of  Dirichlet's  '  Lectures' ;  whilst  the 
lines  of  reasoning  peculiar  to  Weier- 


strass have  become  better  known 
through  the  writings  of  his  pupils 
and   the  collected    edition   of    his 
mathematical  works  which  is  now 
in   progress.      A  complete  biblio- 
graphy is  given  in  three  important 
articles   in  vol.  i.  of   the   German 
'Math.    Encyc'    by    Profs.    Schu- 
bert  (p.    1,   &c.),    Pringsheim   (p. 
48,   &c.),   and   Schonflies   (p.^  184, 
&c.)      Important   works,   giving  a 
summary    and    analysis    of    these 
various   researches,    now    exist    in 
the  mathematical  and  philosophical 
literature     of     France,    Germany, 
Italy,  and  England.     Like  the  non- 
Euclidean   geometry,    the    subject 
has   attracted  considerable    atten- 
tion   also    outside    purely    mathe- 
matical circles.     Notably  Cantor's 
writings  have    been    exhaustively 
dealt   with    from    a    philosophical 
point   of    view  —  in    Germany   by 
Walter    Brix    (Wundt's   'Philoso- 
phische   Studien,'  vol.    v.  p.    632, 
vol.  vi.  pp.  104  and  261),  and  by 
B.   Kerry,    'System  einer  Theorie 
der   Grenz-begrifie '   (Leipzig    und 
Wien,   1890);    in    France    by  M. 
Louis   Couturat,  '  De   I'lufini   ma- 
th^matique'    (Paris,     1896);    and 
latterly   in    this    country    by    Mr 
Bertrand  Russell,   'The  Principles 
of  Mathematics,'  vol.  i.  (Cambridge, 
1903).   Italian  mathematicians  have 
also  dealt  largely  with  the  subject, 
notably  G.   Peano,  who  published 
an  important  work,  '  Arithmetices 
principia  nova   methodo  exposita' 
(Turin,  1889). 


we  apply  the  counting  process  to  the  needs  of  geometry 
and  physics.  We  are  here  confronted  with  notions 
which  require  to  be  arithmetically  defined  —  the  in- 
finite and  the  continuous.  The  same  notions  at  the 
beginning  of  the  century  attracted  the  attention  of 
eminent  analysts  like  Cauchy.  It  is  now  clear,  thanks 
to   the   labours   of   Prof.    Georg   Cantor   of   Halle,  that       ee. 

Georg  Can- 

for  mathematical  purposes  we  must  distinguish  between  ^^^v^^^^''^ 
the  indefinitely  great  and  the   actually  infinite  in  the  ^""^^s^^'^- 
sense   of    the    transfinite.     To   deal   with    the  actually 
infinite,    as    distinguished    from    the   immeasurably    or 
indefinitely  great,  we  have  to  introduce  new  notions  and 
a  new  vocabulary.      For  instance,  in  dealing  with  infinite 
aggregates,  the  proposition  that  the  part  is  always  less 
than  the  whole  is  not  true.      Infinities,  indeed,  differ, 
but  not  according  to  the  idea  of  greater  and  smaller,  of 
more  or  less,  but   according   to   their  order,  grade,  or 
power    (in    German    Mdchtigkeit).     Two    infinities    are 
equal,  or  of  the  same  power,  if  we  can  bring  them  into 
a  one-to-one  correspondence.     Prof.  Cantor  has  shown 
that  the  extended  range  of   numbers   termed  algebraic 
have  the  same  power  as  the  series  of  ordinary  integers — 
one,  two,  three,  &c. — because  we  can  establish  a  one-to- 
one  correspondence  between  the  two  series — i.e.,  we  can 
count  them.     He  has  further  shown  that  if  we  suppose 
all  numbers  arranged   in  a  straight  line,  then   in  any 
portion  of  this  line,  however  small,  there  is  an  infinite 
number  of  points  which  do  not  belong  to  a  countable  or 
enumerable  multitude.     Thus  the  continuum  of  numeri- 
cal values  is  not  countable — it  belongs  to  a  different 
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67. 
Correspond- 
ence. 


grade  of  infinity ;  it  has  a  higher,  perhaps  the  second, 

power.^ 

In  all  these,  and  in  many  similar  investigations,  a 
conception  has  gradually  emerged  which  was  foreign  to 
older  mathematics,  but  which  plays  a  great  and  useful 
part  in  modern  mathematical  thought.  Older  mathe- 
matics, ever  since  the  introduction  of  general  arithmetic 
or  algebra,  centred  in  the  conception  of  equality  and  in 
the  solution  of  equations.  Everything  was  reduced  to 
mac^nitude.  But  there  are  other  relations  besides  those 
of  magnitude,  of  more  or  less.  Often  in  practical  pur- 
suits, if  we  cannot  find  a  counterpart  or  write  down 
an  exact  numerical  equation,  we  can  gain  information 
by  a  correspondence.  This  conception  of  correspondence 
plays  a  great  part  in  modern  mathematics.  It  is  the 
fundamental  notion  in  the  science  of  order  as  dis- 
tinguished from  the  science  of  magnitude.  If  older 
mathematics  were  mostly  dominated  by  the  needs  of 
mensuration,  modern  mathematics  are  dominated  by  the 
conception  of  order  and  arrangement.  It  may  be  that 
this  tendency  of  thought  or  direction  of  reasoning  goes 
hand  in  hand  with  the  modern  discovery  in  physics, 
that  the  changes  in  nature  depend  not  only  or  not  so 
much  on  the  quantity  of  mass  and  energy  as  on  their 
distribution  or  arrangement. 

With  these  reflections  we  touch  the  limits  of  mathe- 


1  A  summary  of  Prof.  Cantor's 
work  is  given  by  Prof.  Schonflies 
In  the  *  Encyklop.  Math.  Wiss.,' 
vol.  i.  p.  184  sqq.  The  importance 
of  accurate  definitions  and  distinc- 
tions regarding  the  infinite  and 
the   continuous   is   dwelt   on   and 


the  diflferent  recent  theories  set 
forth  in  a  very  lucid  address  to 
the  London  Math.  Society  by  Prof. 
Hobson,  *'  On  the  Infinite  and  In- 
finitesimal in  Mathematical  Analy- 
sis," November  1902. 
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matical  thought  and  enter   the   region  of   metaphysics. 
Like  other  lines  of  reasoning  which  have   occupied   us 
in  former  chapters,  the  exact  and  rigid  definitions  and 
deductions  of  arithmetic   and  geometry  lead   us   up   to 
that  other  large  department  of  our  subject— philosophic 
thought.     Many  eminent  mathematicians  of  recent  years 
have  noticed  this  tendency,  and  have  urged  the  mutual 
help  which  arithmetic  and  geometry  on  this  side,  logic 
and  psychology  on  that,  may  derive   from   each   other. 
The    names    of    Helmholtz,    Georg  Cantor,    and    Dede- 
kind  in  Germany ;  of  M.  Tannery  and  M.  Poincare  in 
France ;   of  Peano  and  Veronese  in  Italy,  stand  prom- 
inently forward  abroad ;  while  England  can  boast  of  hav- 
ing cultivated,  much  earlier,  by  the  hands  of  De  Morgan 
and  Boole,  a  portion  at  least  of  this  borderland,  and  of 
having  in  recent  years  taken  up  the  subject  again  in 
an  original  and  independent  manner.^     Cayley,  in  his 
address  to  the   British  Association  in  1883,  has  said: 
"  Mathematics  connect  themselves  on  the  one  side  with 
common  life  and  the   physical   sciences;    on   the   other 


^  I  refer  to  the  important  but 
unfinished  works  of  Mr  Whitehead 
on  'Universal  Algebra'  (vol.  i., 
1898),  and  of  Mr  Bertrand  Russell 
on  '  The  Principles  of  Mathematics ' 
(vol.  i.,  1903).  I  must  defer  a 
more  detailed  appreciation  of  these 
and  other  writings  of  this  class, 
such  as  those  of  the  late  Prof. 
Ernst  Schroder  ('Algebra  der 
Logik,'  3  vols.,  1890-95)  and  of 
Prof.  Gottlob  Frege  (see  an 
account  of  his  writings  in  the 
appendix  to  Mr  Russell's  'Prin- 
ciples'). They  belong  largely  to 
a  department  of  philosophical 
thought    which    may    be    termed 

VOL.  II. 


•'the     Philosophy    of    the     Exact 
Sciences."     This    deals   with    two 
great  questions— the  logical  found- 
ations of  scientific  reasoning,  and 
the  general  outcome  and  import- 
ance of  scientific  thought,  not  for 
technical     purposes,    but    in     the 
great    edifice    of    human    thought 
which   we   may   term   Philosophy. 
It     deals     with     what    has     been 
called    "  the     Creed    of    Science " 
and     its    value.      Stanley    Jevons  i 
and    Prof.    Karl    Pearson    in    this 
country,  Prof.   Mach  in  Germany,  | 
and  M.   Poincare  in   France,  have  ' 
treated   the   philosophy  of  science 
in  one  or  both  of  these  aspects. 

3  A 
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side  with  philosophy  in  regard  to  our  notions  of  space 
and  time,  and  in  the  questions  which  have  arisen  as 
to  the  universality  and  necessity  of  the  truths  of 
mathematics  and  the  foundation  of  our  knowledge  of 
them " ;  and  he  subsequently  refers  specially  to  the 
"  notion  which  is  really  the  fundamental  one  under- 
lying and  pervading  the  whole  of  modern  analysis  and 
geometry,"  meaning  the  complex  magnitude,  as  deserv- 
ing to  be  specially  discussed  by  philosophers.  Be- 
ginnings of  the  philosophical  treatment  of  this  and 
other  questions  indeed  exist.  The  questions  are  still 
snb  judicCy  and  the  historian  can  merely  refer  to  their 
existence  and  importance. 

There  is,  however,  one  controversy  which  has  arisen 
out  of  these  and  similar  speculations,  and  out  of  the 
desire  to  bring  unity  and  consistency  into  the  funda- 
mental notions  of  elementary  as  well  as  higher  mathe- 
matics, which  deserves  to  be  specially  mentioned,  because 
it  occupies  a  prominent  place  in  foreign  literature,  hav- 
ing given  rise  to  a  special  term,  and  thus  commanding 
more  general  attention.  Prof.  Klein  of  Gottingen,  under 
whose  master-hand  many  abstract  and  obscure  subjects 
have  become  plain  and  transparent,  has  prominently 
brought  the  subject  before  the  scientific  public  in  a 
68.       recent  address.^     I   refer   to  the    tendency  represented 

Arithraetis-     ..  c  t  i  -x  -r^      n      t-r  li? 

rogtendency  in   its   extreme    lorm  by   the    late    Prof.   Kronecker  ot 

in  mathe- 
matics.       Berlin,  to   reduce   all   mathematical   conceptions    to   the 

fundamental  arithmetical  operations  with  integral  num- 
bers, banishing  not  only  all  geometrical  and  dynamical 
conceptions,  such  as  those  of  continuity  and  flow,  but 

1  '  Ueber  Arithmetisirung  der  Mathematik  '  (Gottingen,  1895). 
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also  such  apparently  algebraical  notions  as  those  of 
irrational  and  complex  quantities.  This  attempt  is  an 
outcome  of  the  school  of  Weierstrass,  which  has  done 
so  much  to  banish  vagueness  and  introduce  precision 
into  modern  text-books. 

Opposed  to  this  so-called  arithmetrsing  i  tendency  is 
the  equally  emphatic  view,  strongly  urged  by  the  late 
Prof.  Paul  Du  Bois-Reymond  in  his  general  theory  of 
Functions,  that  the  separation  of  the  operations  of 
counting  and  measuring  is  impossible,  and,  if  it  were 
possible  (as,  since  the  publication  of  his  work,  the  fuller 
expositions  of  Kronecker  and  his  followers  have  tried  to 
show  that  it  is),  would  degrade  mathematics  to  a  mere 
play  with  symbols.2  He  tries  to  show  that  such  is  philo- 
sophically  impossible,  and  finds  a  support  for  his  view  in 
the  hisl5orical  genesis  of  the  idea  of  irrational  numbers  in 
the  incommensurable  magnitudes  of  Euclid  and  ancient 
geometry.  Prof.  Klein  in  his  address  favours  the 
arithmetical    tendency  as  destined  to  introduce    logical 


The  term  seems  to  have  been 
coined  by  Kronecker.  See  Prof. 
Pringsheim  in  the  '  Encyklop. 
Math.  Wiss.,'  vol.  i.  p.  58,  note  40. 
Kronecker's  position  is  set  forth 
111  Journal  fur  Math.,  vol.  ci.  pp. 
337-355,  1887. 

^  "The  separation  of  the  con- 
ception of  number  and  of  the 
analytical  symbols  from  the  con- 
ception of  magnitude  would  reduce 
analysis  to  a  mere  formal  and 
literal  skeleton.  It  would  degrade 
this  science,  which  in  truth  is  a 
natural  science,  although  it  only 
admits  the  most  general  properties 
ot  \yhat  we  perceive  into  the  domain 
ot  Its  researches  ultimately  to  the 
rank  of  a  mere  play  with  symbols, 
Wherein  arbitrary  meanings  would 


be  attached  to  the  signs  as  if  they 
were  the  figures  on  the  chessboaid 
or  on  playing-cards.  However  amus- 
ing   such    a   play   might   be,   nay, 
however  useful  for  analytical  pur- 
poses the  solution  would  be  of  the 
problem,— to  follow  up  the  rules  of 
the  signs  which  emanated  from  the 
conception  of  magnitude  into  their 
last  formal  consequences,— such  a 
literal     mathematics    would    soon 
exhaust  itself  in  fruitless  efforts; 
whereas   the   science  which   Gauss 
called    with    so    much    truth    the 
science  of  magnitude  possesses  an 
inexhaustible   source   of   new    ma- 
terial  in    the  ever-increasing   field 
of    actual    perceptions,"   &c.,    &c. 
( '  Allgemeine   Fuuctionen-Theorie, ' 
1882,  p.  54). 
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precision  and  consistency  into  the  foundations  of  mathe- 
matics, and  everywhere  to  further  the  very  necessary 
process  of  critical  sifting;  but  he  denies  that  pure 
logic  can  do  all,  and  points  to  the  valuable  assistance 
and  suggestive  power  of  geometrical  construction  and 
representation.!  Most  of  my  readers  will  no  doubt 
agree  with  this  view.  Indeed  the  perusal  of  the  fore- 
going chapters  must  have  produced  on  their  minds  the 
conviction  that,  so  far  as  the  advance  of  science  and  also 
of  mathematics  is  concerned,  it  largely  depends  upon 
the  introduction  of  different  aspects  leading  to  different 
courses  of  reasoning.  The  unification  of  all  of  these 
into  one  consistent  and  uncontradictory  scheme,  though 
it  remains  a  pious  hope  and  far-off  ideal,  has  not  been 
the  prominent  work  of  the  nineteenth  century.  Rather, 
wherever  it  has  been  attempted  it  has  had  a  narrowing 
effect,  and  has  resulted  in  a  distinct  curtailment  of  the 
great  and  increasing  resources  of  Scientific  Thought. 


^  Prof.  Klein  summarises  the 
opinion  which  he  holds  as  to  the 
present  task  of  mathematical 
science  as  follows  :  "  Whilst  I 
everywhere  demand  the  fullest 
logical  elaboration,  I  at  the  same 
time  emphasise  that  pari  passu 
with  it  the  intuitive  representation 
of  the  subject  should  be  furthered 
in  every  possible  manner.  Mathe- 
matical developments  which  have 
their  origin  in  intuition  cannot 
count  as  a  firm  possession  of  science 
unless  they  have  been  reduced  to  a 
strict  logical  form.  On  the  other 
side,  the  abstract  statement  of 
logical  relations  cannot  satisfy  us 
until    their    importance   for  every 


form  of  representation  has  been 
clearly  demonstrated,  so  that  we 
recognise  the  manifold  connectioDs 
in  which  the  logical  scheme  stands 
to  other  departments  of  knowledge 
according  to  the  field  of  application 
which  we  select.  I  compare  mathe- 
matical science  to  a  tree  whicli 
stretches  its  roots  ever  deeper  into 
the  soil,  and  at  the  same  time 
expands  its  branches  freely  up- 
wards. Are  we  to  consider  the 
root  or  the  branches  as  the  more 
important  part  ?  The  botanist  will 
tell  us  that  the  question  is  wrongly 
put,  and  that  the  life  of  an  organ- 
ism consists  in  the  interaction  ot 
its  various  parts"  {he.  cit.,  p.  91)- 


RETROSPECT  AND   PROSPECT. 

In  the  foregoing  chapters  I  have  attempted  to  set  forth 
the  chief  conceptions  which  are  contained  in  the  scien- 
tific literature  of  the  nineteenth  century.  Upon  these 
the  scientific  work  of  that  period  has  been  founded  or 
they  are  the  results  to  which  its  scientific  reasoning 
has  led.  The  most  important  outcome  of  the  scientific 
work  of  the  century  does  not  He  in  the  region  of 
thought,  but  rather  in  that  of  practical  application; 
and  this  I  have  only  incidentally  referred  to.  Only 
in  so  far  as  it  has  reacted  upon  scientific  thought,  sug- 
gesting or  modifying  scientific  ideas,  has  it  been  necessary 
to  allude  to  it. 

My  readers  who  have  so  far  accompanied  me  may  be 
struck  by  one  feature  which,  indeed,  is  characteristic 
of  scientific  thought.  Our  survey  has  presented  such 
thought  as  broken  up  into  a  series  of  different  aspects ; 
and  although  certain  connections  between  these  aspects 
have  been  occasionally  pointed  out,  no  attempt  has  been 
made  to  combine  them  into  one  comprehensive  or  united 
view.  The  reason  for  this  is  to  be  found  in  the  nature 
of  scientific  thought  itself,  which,  proceeding  by  a  definite 
method,  starts  from  the  great  variety  of  phenomena  which 
surround  us  in  time  and  space  ;  the    only   assumption 
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Ordei  and 
Unity. 


which  science  is  obliged  to  make  being  the  inevitable 
one  that  Nature  is  intelligible  to  the  human  mind,  which 
is  the  same  as  saying  that  we  must  assume  the  existence 
of  some  kind  of  Order. 

There  exists,   indeed,  in  the  human  mind  a  further 
demand,  which  may  be  defined  by  saying  that  the  con- 
ception of  order  in  Nature  or  of  its  intelligibility  should 
not  be  held  merely  as  a  formal  iteration,  but  should  be 
expressed  as  a  highest  Unity  by  some  term  which  conveys 
to  our  minds  something  more  than  the  idea  of  an  empty 
form.     From  this  demand  there  have  further  arisen  at 
all    times   various   attempts   to   give   expression  to  the 
ideas  of  unity,  of  simplicity,  and  of  the  significance  of 
the  whole  scheme  of  existence  which  we    call  Nature. 
Such    attempts   do   not   form   part   of   purely   scientific 
thought.     They  are  speculations  for  which  those  prin- 
ciples of  science  that  are  capable  of  exact  enunciation 
do  not  suffice.     They  have,  indeed,  frequently  appeared  in 
the  literature  of  the  nineteenth  century.     But  although 
there  are  isolated  cases  where  scientific  authorities  of  the 
first  order  have  indulged  in  them,  such  authorities  have, 
as  a  rule,  shown  an  increasing  reluctance  to  deal  with 
fundamental  questions  or  with  principles  which  extend 
beyond  the  limits  of   scientific   thought.     We  have  no 
examples  in  the  nineteenth  century  of  such  intellects  as 
those  of  Leibniz  or  Newton.     However  different  these 
two  great  thinkers  of  an  earlier  age  may  have  been,  they 
had  this  in  common,  that  for  them  the  scientific  and  the 
religious  as-pects  were  not  only  equally  important,  but 
equally    occupied    their    attention.     The    characteristic 
difference   was   that   Leibniz   apparently  strove   after  a 


unification  of  scientific  and  religious  reasoning,  frequently 
to  the  disadvantage  of  both,  whereas  Newton  kept  them 
so  distinctly  apart  that  his  immortal  scientific  works 
can  be  studied  without  any  reference  whatever  to  his 
theological  writings. 

The  two  positions  represented  by  these  two  great 
men  —  namely,  the  attempt  on  the  one  side  to  unify 
or  combine  the  scientific  and  the  religious  aspects,  and 
on  the  other  to  keep  them  apart  or  contrast  them — 
have,  indeed,  been  adopted  by  many  thinkers  in  the 
course  of  our  period ;  but  an  attempt  to  do  justice  to 
such  problems  has  been  more  usually  considered  the 
duty  of  philosophy  par  excellence.  In  the  rare  instances 
in  which  scientific  authorities  of  the  first  order  have 
ventured  upon  a  solution  of  these  problems,  they  have 
stepped  outside  of  the  limits  of  scientific  reasoning: 
having,  as  it  were,  attempted  to  occupy  the  more 
impartial  if  not  more  elevated  position  of  judges  who 
assign  to  scientific  reasoning  its  position  and  its  value  in 
the  connected  whole  of  human  thought  and  interests.^ 

Consistently  with  the  division  of  thought  which 
underlies    the    present    history,    and   which    has    been  \^ 

explained  in  the  third  part  of  the  Introduction,  I 
relegate  the  exposition  of  such  theories  to  the  second  i. 
part  of  this  work,  which  deals  with  philosophical  thought,  cai  prob- 
The  fact  that  in  the  course  of  the  nineteenth  cen- 
tury there  have  still  appeared  scientific  thinkers  who 
have  not  only  attacked  special  scientific  problems,  but 
also  the  great   universal   world -problem,  may   well   be 

^  Examples  of  this  will  be  found       mond,     and    of    Gustav    Theodor 
in    the    writings   of   Andr^   Marie      Fechner. 
Ampere,    of   Emil    Du    Bois-Rey- 


lems. 
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noted  as  a  connection,  a  bond  of  union,  between  those 
two  great  realms  of  systematic  thought  which,  for  the 
sake  of  convenience,  I  have  kept  apart  in  this  historical 

survey. 

There  are  other  features  in  the  scientific  thought 
of  the  period,  as  it  has  become  known  to  us,  which 
naturally  lead  up  to  a  different  treatment  from  that 
which  is  peculiar  to  science.  In  almost  every  instance, 
in  following  up  the  various  aspects  of  scientific  thought, 
I  have  had  to  show  how  they  have  brought  us  to 
problems  which  cannot  be  solved  by  the  means  which 
we  call  scientific  or  exact;  and  in  many  instances  I 
have  shown  how  the  foremost  scientific  thinkers  them- 
selves have  been  led  up  to  inquiries  which  they  have 
variously  termed  philosophical,  metaphysical,  logical,  or 
psychological.  Such  has  notably  been  the  case  with 
the  ultimate  conceptions  of  the  atomic  theory,  of  the 
doctrine  of  energy,  and,  still  more,  with  the  concep- 
tions which  underlie  the  scientific  treatment  of  the 
phenomena  of  life  and  consciousness.  The  further  we 
have  advanced  from  the  simple  mechanical  conceptions 
of  motion  and  inertia  or  mass,  into  the  phenomena 
of  the  actual  world  of  natural  objects  which  exhibit 
order,  development,  purpose,  and  consciousness,  the 
more  we  have  been  obliged  to  make  use  of  terms 
not  capable  of  being  defined  by  the  simple  categories  of 
exact  or  mathematical  thought;  and  with  whatever 
zeal  some  of  the  foremost  thinkers  have  in  the  course 
of  the  century  attempted  to  express  these  more  indefinite 
conceptions  in  terms  of  mechanical  science,  they  have 
only    partially   succeeded,  and  have  certainly  failed  in 


banishing  them  from  the  scientific  vocabulary.  Such 
conceptions  have  always  crept  in  again,  proving  that 
they  are  indispensable  even  to  the  purely  scientific 
comprehension  or  description  of  natural  objects,  or  of 
nature  as  a  whole. 

It  is  not  surprising,  therefore,  that  an  independent 
examination  of  the  ultimate  conceptions  which  science 
makes  use  of,  or  which  it  evolves,  should  have  been  a 
task  which  has  occupied  some  of  the  greatest  intellects 
of  our  period,  and  that  the  problem  arising  from  this 
should  form  a  fitting  transition  from  the  purely  scientific 
to  the  philosophical  portion  of  this  history. 

Xow,  if  we  try  to  characterise  in  the  briefest  possible 
manner  the  general  problems  which  scientific  thought  as 
a  whole  has  definitely  formulated  and  placed  before  the 
philosophical  thinker,  there  are  two  words  which  stand 
out  prominently  as  indicating  the  two  grand  and  com- 
plementary conceptions  which  either  underlie  all  scien- 
tific inquiry  or  result  from  it.     The  first  of  these  has 
already  been  stated.     We  saw  that  exact  or  scientific 
thought   assumes   that   there   exists  in   Nature    an    in- 
telligible Order.     The  closer  definition  of  this  order  in 
the  so-called  laws  of  the  cosmos  has  to  be  ascertained 
by  experience,  and  has  been   the    subject  of   the  fore- 
going narrative.      The  subject  which  remains  for  phil- 
osophical discussion  is  not   any  special   form   of  order, 
but  the  fact  that  any  kind  of  order  exists  at  all,  and 
that  it  is  accessible   to  the   human  intellect.     Clearly 
this  is  a  question  which  affects  Nature,  the  object,  as 
much  as  the  human  Intellect,  the  subject. 

But  if  the  idea  of  Order  underlies  all  scientific  thought. 
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7 


Individu- 
ality. 


standing  as  it  were  at  the  entrance  of  scientific  reason- 
ing, there  is  another  idea  which  stands  at  the  end  of  all 
scientific  thought.  This  is  the  idea  of  Unity  in  its 
most  impressive  form  as  Individuality.  It  remains  over 
as  an  ultimate  empirical  fact  to  which  scientific  reason- 
ing advances,  of  equal  importance  with  order. 

These  two  conceptions  of  Order  and  Individuality 
likewise  govern  the  two  great  divisions  under  which 
scientific  thought  has  been  studied  by  us — Physics  and 
Biology.  After  reviewing  in  the  first  three  chapters 
the  characteristic  attitudes  taken  up  by  the  three  lead- 
ing nations  in  scientific  thought,  I  entered  upon  the 
four  abstract  conceptions — namely,  Attraction,  Atom- 
ism, Kinetics,  and  Energy — which  are  capable  of  strict 
mathematical  definition,  and  which  form  the  skeleton 
or  framework  around  or  in  which  the  sciences  of 
Astronomy,  Dynamics,  Physics,  and  Chemistry  have 
arranged  their  various  doctrines.  They  serve  together 
to  define  more  precisely  the  conception  of  the  general 
order  of  things,  appropriately  termed  the  Cosmos.  In 
the  four  chapters  following  upon  these  I  dealt  with 
the  different  conceptions  under  which  a  comprehension, 
not  so  much  of  the  general  order  as  of  the  special  events 
and  things  of  our  world,  has  been  gained.  These  con- 
ceptions, referring  to  the  actual  forms,  the  history,  the 
life  and  soul  of  things  natural,  have  been  likewise 
dealt  with  in  four  chapters.  On  them  the  physics 
of  the  universe  and  of  our  earth,  the  sciences  dealing 
with  the  organised  and  animated  creations,  have  been 
built  up.  Beginning  with  a  special  kind  of  order — 
namely,  that  indicated  by  external  figure — these  sciences 


have  advanced  through  the  study  of  the  changes  of  figure 
to  an  increasing  appreciation  of  an  underlying  unity. 
In  many  of  the  organs  of  living  creatures  the  unity 
seems  to  lie  outside  the  organs  themselves,  as  the  unity 
of  a  machine  which  exists  in  the  design  of  the  maker 
adapting  it  to  a  certain  purpose:  whereas  in  the  ani- 
mated world  it  seems  to  be  inside  the  objects  of  Nature. 
The  sciences  of  life  have  accordingly  forced  upon  us 
more  and  more  the  conception  not  only  of  orderly 
arrangement,  but  also  of  a  unifying  principle  —  that 
is,  Individuality. 

These  two  conceptions  of  Order  and  Individuality  are 
as  little  new  as  are  the  various  conceptions  of  purely 
scientific   thought,  most  of  which,  as  has   been   shown, 
have  been  handed  down  to  us  from  earlier  times.      They 
have    accordingly   been    defined    and    studied    by   phil- 
osophers from  antiquity.      The  various  positions  which 
thinkers  have  taken  up  with  regard  to  them  during  the 
nineteenth    century  have,  however,   been    characteristic 
of    the    age,   and    have    been    very    largely    influenced 
by  the  conceptions  of  Order  and  Unity  which  science 
itself    has    elaborated.      In    this    connection    it    is    of 
importance    to    note     that     the     idea    of     Order    or 
arrangement   has   only  within    the    nineteenth    century 
met  with  a  comprehensive  mathematical  treatment ;  and, 
so  far  as  that  of  Unity  is  concerned,  it    can    also    be 
said  that  the  mathematical  sciences  have  in  the  course 
of  the  nineteenth  century  for  the  first  time  approached 
the    analysis   of   the    allied    idea   of   Continuity,   which 
indeed   plays  an  increasingly  important  part   in  many 
scientific    theories.      It    may    even    be    held    that    the 
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scientific  mind  advances  from  the  idea  of  Order  or 
arrangement  to  that  of  Unity  through  the  idea  of 
Continuity. 

If,  however,  these  highest  conceptions  had  been  intro- 
duced to  us  by  scientific  thought  in  the  form  only 
of  limiting  ideas  or  highest  abstractions,  it  is  doubt- 
ful whether  the  special  discussion  of  them  would  have 
attracted  so  much  attention  or  occupied  so  many 
minds  as  has  actually  been  the  case.  In  many  in- 
stances we  found  it  to  be  quite  sufficient  for  the  pur- 
poses of  science  that  fundamental  principles  should 
be  dogmatically  asserted,  and  that  their  usefulness 
should  be  the  only  proof  of  their  correctness.  If 
no  other  interest  attached  to  the  conceptions  of  order 
and  unity  than  attaches,  for  instance,  to  the  ultimate 
principles  of  dynamics,  to  atomism,  or  to  the  axioms 
of  geometry,  the  number  of  persons  who  take  up 
these  refined  studies  would  probably  be  exceedingly 
small.  The  reason  why  the  conceptions  of  order,  unity, 
and  individuality  have  received  so  much  attention  lies 
in  this,  that  they  have  not  only  a  logical  meaning  as 
instruments  of  thought,  but  also,  as  the  words  them- 
selves indicate,  a  practical  meaning,  being  bound  up 
interests      with  the  highest  ethical  and  aisthetical,  as  well  as  with 

attaching  to  *-*  ' 

uSty  *°*^  our  social  and  religious,  interests.  The  word  order  means 
something  more  than  arrangement  when  we  speak  of  the 
social  or  moral  order ;  the  word  unity  is  more  than  an 
arithmetical  conception  when  we  speak  of  the  unity  of 
action  or  of  purpose,  or  the  unity  of  design  in  art ;  the 
word  individuality  ac(iuires  a  higher  meaning  in  the 
term    personality.     Those    thinkers   who   in    the    nine- 


4. 

Practical 


teenth  century,  as  well  as  in  former  ages,  have  dealt 
exhaustively  with  these  the  most  abstract  and  highest 
conceptions  of  which  human    thought  is  capable,  liave 
not  been,  or  have  only  very  rarely  been,  led  to  their  in- 
quiries from  the  side  of  purely  scientific  interests ;  they 
have  approached  them  with  a  full  appreciation  of  the 
great  moral  and  religious  interests  which  lie  hidden  in 
the  deeper  significance  which  we  attach  to  the  words. 
In  starting,  therefore,  on   the   survey   of    philosophical 
thought,  it  would  be  quite  inadequate  to  take  scientific 
ideas  as  a  suitable  introduction.     Whatever  future  ages 
may  bring,  the  philosophy  of  the  nineteenth  century  has 
certainly  not   been   exclusively,  or  even  pre-eminently, 
scientific  or  exact.      If  philosophy  has  assumed  the  name 
of  a  science,  it  has  done  so  in  that  larger  sense  of  the 
word  which,  as  we  have  seen,  is  peculiar  to  the  Ger- 
man language.     In  this  connection  scientific  treatment 
means  simply  methodical  treatment,  whereas  there  is  an 
increasing  tendency  in  many  circles  to  identify  the  word 
science  with  exact  mathematical  or  positive  treatment. 
The  exact  treatment  of  philosophical  problems,  such  as 
has  been  attempted  but  only  very  partially  carried  out 
in  the  systems   of  Auguste  Comte   in   France    and    of 
Herbert  Spencer  in  England,  belongs  almost  entirely  to 
a  later  part  of  that  century,  and  forms,  even  then,  only 
one  side   of    its    large  philosophical  literature.     Philo- 
sophical thought  had  a  brilliant  history  in  the  earlier 
part  of  the  century  before  the  ideas  of  Positivism   or 
of  modern  Evolution  were  much  thought  of.     It  will 
therefore  be  necessary  in  any  account  of  philosophical 
thought   to  ascertain    and  clearly   define   the  positions 
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occupied  by  the  great  thinkers  who  governed  and 
revolutionised  the  thought  of  earlier  generations  before 
the  great  generalisations  of  science,  notably  those  con- 
nected with  the  ideas  of  energy  and  the  theory  of  descent, 
could  have  had  any  influence  whatever.  Though  the 
latter  have  acquired  in  recent  times  a  great,  perhaps 
an  undue,  importance,  it  will  only  be  after  becoming 
acquainted  with  an  earlier  and  different  phase  of  philo- 
sophic thought  that  we  shall  have  once  more  to  return 
to  those  conceptions  and  trains  of  reasoning  which  must 
be  uppermost  in  the  mind  of  the  writer  as  well  as  of  the 
reader  of  the  foregoing  chapters. 

But  in  starting  on  the  historical  account  of  an  en- 
tirely different  realm  of  thought,  I  shall  not  only  have 
to  ask  my  readers  to  enter  into  a  new  circle  of  ideas, 
which  for  a  long  time  during  the  course  of  the  nineteenth 
century  lay  entirely  outside  of  that  circle  of  ideas  with 
which  we  have  become  acquainted  so  far ;  we  shall  be 
assisted  also  by  finding  an  entirely  different  geographical 
centre  from  which  these  ideas  emanated.  It  has  been 
repeatedly  pointed  out  that  the  great  volume  of  scientific 
thought  with  which  we  have  hitherto  been  occupied, 
emanated  in  the  latter  part  of  the  eighteenth  century 
from  the  French  capital ;  and  in  the  course  of  narration 
I  have  had  to  go  back  almost  in  every  single  instance 
to  the  foundations  laid  in  French  scientific  literature. 
I  shall  now  have  to  invite  my  readers  to  give  their 
attention  to  the  peculiar  features  which  were  charac- 
teristic not  of  French  but  of  German  literature  nt 
the  end  of  the  eighteenth  and  the  beginning  of  the 
nineteenth  century. 


The  centre  of  philosophical  thought  during  the  first 
half  of  the  nineteenth  century  lay  as  much  in  Germany 
as  the  centre  of  scientific  thought  lay,  somewhat  earlier 
in  France.      It  is  true  that  in  both  cases,  if  we  trace' 
the  movement  a  little  further  back,  we  come  upon  the 
powerful    influences   of   English  thought.     Newton  can 
be  considered  as  marking  the  beginning  of  the  modern 
era  of  scientific  thought;    Locke   can  be    looked   upon 
as    having    infused    into   philosophic   thought  much   of 
its  modern  spirit.     But  though  this  must  be  conceded 
to    a    large    extent,    it    must    also    be    admitted    that 
the    scientific    thought   of    the    nineteenth  century   for 
a    long    time    received    its    special    colouring    through 
the     influence    of     the    French    mathematicians    and 
naturalists,    with    Laplace    and    Cuvier    as    their    most 
illustrious  representatives;   while  philosophical  thought 
for    a    long    time   received   its    specific    colouring   horn 
the   idealistic   movement   which  began  with   Kant  and 
culminated    in    Hegel.       And    although    it    was    again 
the    specific    influence    of    English    thought    which    in 
the    latter    part    of    the    nineteenth    century    diverted 
alike    scientific    and    philosophical     thought    from    the 
channels    in    which    they    ran     during    the    first    half 
of   the   century,   we    have   only   very  partially  emanci- 
pated ourselves  from  the  overwhelming  influence  which 
the    conceptions    of    the    idealistic    school    of    German 
philosophy    have    had    upon    the     deeper    philosophical 
thought    of    all     three    nations    alike.      The    features 
peculiar   to   that    period  are   still  strongly   marked   on 
the  philosophical  countenance  of  the  age:    neither  the 
lights  nor    the    shadows    thrown  by  the  great    lumin- 
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aries  which   appeared  on  the   philosophical    horizon    of 
Germany  a  century  ago  have  as  yet  died  away. 

It  will  be  the  object  of  the  second  part  of  this  work 
to  trace  in  more  detail  this  powerful  influence,  to  define 
more  clearly  wherein  it  consisted,  and  to  discover  to 
what  extent  it  still  survives  or  is  mingled  with  other 
influences,  among  which  that  which  we  have  studied 
exclusively  in  the  first  part  of  this  history  will  prove 
to  have  been  one  of  the  most  important. 
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147  ;  gunpowder,  iron,  steel,  148 ; 
152,  200 ;  chemical  saturation,  347  ; 
influenced  by  Laplace,  380 ;  chem- 
ical equilibrium,  392;  quoted,  416; 
heat  a  material  substance,  433; 
theory  of  chemical  affinity,  452  ;  ii. 
154  ;  law  of  mass-action,  157  ;  (see 
Ostwald).  176. 
Bertholon  quoted,  i.  327. 
Bertin,  M.,  'Rapport  sur  le  Progres 
de  la  Thermodynamique  en  France, 
ii.  118. 


Bertrand,  Joseph,  quoted,  i.  121,  134  ; 
'Calcul   des    Probabilites,'  325 ;    his 
'Calcul   (liiferentiel '  referred  to,  ii 
646. 
Berzelius,  Reports,  1.  42  ;  chemistry,  44  ; 
discoveries  published,  S3  :  services  to 
chemistry  of,  188  ;  biographical,  189  ; 
'Jahresberieht,'  190;   organic  analy- 
sis, 190 ;  191 ;  inriueuce  on  German 
science,  208  ;  mechanical  view  in  bi- 
ology,'219  ;  220,  238  ;  experimentally 
proved  Dalton's  atomic  theory,  245  ; 
and  Faraday,  365;   electrical  action 
in  chemical  processes,  366  ;  chemical 
combinations,   396  ;  elaborated  Dal- 
ton's   theory,    399 ;    400  ;    disproves 
Prout's  hypothesis,  402  ;  403  ;  electro- 
chemical theory,  404  ;  organic  chem- 
istry, 407;   409;    "radicle"  theory, 
411  ;  death  of  the  binary  theory,  412  ; 
413,   414;  atomic  theory,   416,  417; 
426 ;      characteristic      of     hydrogen 
atoms,     430 ;    theories    of   chemical 
affinity,  452;   ii.    1.54;   chemical  re- 
search, 1.59,  403. 
Bessel,    Friedr.    VVilh.,  services   to  as- 
tronomy of,  i.   177  ;   correspondence 
with    Gauss,   185,   ii.    652 ;    i.    199  ; 
measurements    of,    322 ;    taught    at 
Konigsberg,  with  Neumann  and  Rich- 
elot,  ii.  54  ;  popular  work  of,  149  ; 
on  Gauss,  636  ;  functions  of,  696. 
Bessel-Sellmeier  hypothesis,  ii.  54. 
Beuth    founded    industrial    schools   in 

Prussia,  i.  166. 
Beverwijck,  i.  282. 
Bewick,  wood  engraver,  '  British  Birds,' 

i.  289. 
Bichat,  works  of,  i.  83  ;  not  among  the 
academicians,  126  ;  biological  labours 
of,  194,  ii.  313 ;  i.  195,  200  ;  morpho- 
loofical  study  of  natural  objects,  ii. 
231  ;  the  science  of  biology,  381  ; 
"Vitalism,"  383,  384;  386,  387:  on 
lite,  394  ;  doctrine  of  energy,  399 ; 
402  ;  quoted,  406  ;  school  of  "  organi- 
cism,"  436  ;  vital  force,  503. 
Billroth,  Prof. ,  '  Lehren  und  Lernen  der 
medicinischen  Wissenschaften,'i.  197; 
1-H ;  influence  of  English  science  on 
medical  studies  fc  Germany,  208  ; 
quoted  on  services  of  Kant  to  Ger- 
man science,  219. 
Biogenesis,  ii.  451. 

Biology  a  German  science,  i.  193  ;  grew 
out  of  science  and  philosophy  com- 
bined, 216  ;  essential  unity  of  sciences 
.oo  ^^*  y^*  recognised  in  Germany, 
220 ;  British  contributions  to,  282 ;  ii. 


208,  312;   vagueness  of  theories  ©f, 
370 ;    oscillation    of   thought,    374 ; 

Biot,  experimental  physics,  i.  44,  200  ; 
fall  of  stones  at  I'Aigle,  328  ;  his  dis- 
covery, 431  ;  opposed  to  undulatory 
theory  of  light,  ii.  16,  21 ;  member 
ot  Commission  of  Paris  Academy  of 
Sciences  competition,  1819,  '25; 
"laterality,"  27:  influenced  German 
thought,  101 :  193,  508. 
Biran,  Maine  de,  'Memoire  sur  I'habi- 

tude,  i.  83. 
Bischotf,  Theod.,  embryology,  ii.  227; 
300;  quoted,  381,   387;   address  on 
Liebig,  :391. 
Bjerknes,  A.,  on  Abel,  i.  184, 185,  ii.  637. 
Black,  Joseph,  discovered  carbonic  acid, 
i.   115;  on  latent  heat,  229,  399,  ii. 
102  ;  Scottish  university  professor,  i. 
272;    and  Lavoisier,   386,  387;  391, 
400 ;  formulae  of,  436 ;  biographical, 
ii.  102  ;  attitude  to  science  that  of  a 
medical  man,  103. 
'Blackwood's     Edinburgh     Magazine' 

published,  i.  273. 
Blair,  Hugh,  i.  273. 

Blennerhasset,  Lady,  on  De  Stael,  i.  17. 
Block,  statistics,  ii.  557,  563  ;  quoted, 

561,  566  :  'Statistique  morale,'  579. 
Blomstrand,  '  Die  Chemie  der  Jetztzeit,' 

i.  430. 
Blumenbach  of  Gottingen   University, 
i.    165,   194,    ii.    247;    fossil    collec- 
tions, 248  ;  influences  Herder,  532.    ' 
Boc-kh,  science  for  its  own  sake,  i.  211  ; 
212  ;      classical    learning    of,     222  ; 
'Logos  epitaphios'  on  Wilhelm  von 
Humboldt  quoted,  263. 
Bode's  law,  i.  422. 
Bodenhausen,  i.  104. 
Bodenstedt,  'Mirza  Schaffy,' i.  213. 
Boehmer,    Dr    Heinrich,     'Gesch.    d. 
Entwick.  d.  Naturwissenschaftlichen 
Weltanschauung  in  Deutschland,'  ii. 
531. 
Boerhaave,  i.  144,  175  ;  and  the  medi- 
cal schools  of  Germany,  208 ;  268  ; 
atoms  and  massulce,  398  ;  epigenesis, 
ii.  298. 
Bohmer,  ''libertas  docendi,"  i.  164. 
Bohn,  ii.  107. 
Bohnenberger's  gyroscopic  instrument, 

ii.  61. 
Boileau  referred  to  by  Voltaire,  i.  105. 
Boltzmann,  Ludwig,  lectures  on  Max- 
well's theories,  i.  251 ;  quoted,  ii.  90 ; 
176,   186,   188,  595;    "availability," 
597. 
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Bolyai,  i.  161  ;  a  puj)!!  of  Gauss,  181 ; 
father  and  son,  and  Gauss,  ii.  652 ; 
710,  713. 

Bolzano,  Bemhard,  on  undulatory 
theory  of  light,  ii.  10 ;  on  the  infinite 
and  convergency,  709 ;  and  Cauchy 
compared,  ib. ;  Stolz  on,  ih. 

Bomare,  Valmont  de,  first  course  of 
natural  history  at  Paris,  i.  106. 

Bonald,  De,  on  origin  of  language,  i.  23. 

Bond.  Dr,  ii.  ,'>6o. 

Bonnet,  Charles,  regular  arrangement 
of  leaves,  ii.  223;  'Echelle  des 
ftres,'  238;  "evolutionist,"  278; 
279  ;  epigenesis,  298  ;  322,  519. 

Bonnet,  Ossian,  ii.  704. 

Boole,  George,  neglect  of,  in  England, 
i.  247  ;  272 ;  and  modern  school  of 
mathematics,  ii.  676 ;  Stanley  Jevons 
on,  684. 

Bopp,  language,  ii.  .540,  542. 

Borda,  i.  113,  148. 

Bordeu,  vitalist,  i.  126  ;  vital  force,  ii. 
503.  , 

Borel.  Emil,  his  lectures,  ii.  704. 

Borelli,  medicine  in  alliance  with 
physics,  i.  126. 

Boscovich,  lioger,  theories  of  molecular 
attraction  and  repulsion,  i.  357; 
metaphysical  theorist,  ;i71 ;  416  ;  on 
the  nature  of  matter,  419 ;  applica- 
tion of  theory  of  gravitation  to  mole- 
cular physics,  ii.  29  ;  gravitation  as  a 
general  physical  theory,  351. 

Bossut,  i.  107. 

Bougainville,  pupil  of  the  Ecole  nor- 
male,  i.  112 ;  113. 

Bou^llier,  M.,  quoted,  i.  107,  103  ; 
•Eloges  de  Fontenelle,'  135. 

Boulton,  use  of  the  term  **  horse- 
power," ii.  99. 

Boussinesq  quoted  on  transmission  of 
vibrations  of  ether  to  ponderable 
bodie.s,  ii.  54. 

Boussingault,  agricultural  chemistry, 
ii.  393  ;  406  ;  bacteriological  work, 
415  ;  quoted,  441. 

Bowen,  criticism  of  '  Vestiges,'  ii.  319. 

Boyle  Lectures,  Bentley's,  i.  169. 

Boyle,  Hon.  Robert,  Newton  to,  i.  342  ; 
and  Lavoisier,  386  ;  atoms  and  mass- 
ulce,  398 ;  law  of  pressures,  425  ; 
427 ;  law  of,  429  ;  ii.  592. 

Boys,  Prof,  determination  of  force  of 
gravitation,  i.  320. 

Bradley,  i.  158  ;  observations  of,  utilised 
by  Besse^  177  ;  238  ;  aberration  of 
light,  ii.  10  ;  astronomical  aberration, 
194. 


Brandt,  Sebastian,  i.  163. 

Braun,  Alex.,  spiral  theory,  ii.  223  ; 
268  ;  quo,ted,  269. 

Bravais,  *  Etudes  crystallographiques,' 
i.  443. 

Breal,  educationalist,  on  Rousseau,  i. 
259 ;  260. 

Brewster,  Sir  D.,  '  Life  of  Newton,' 
i.  98,  321,  342 ;  experiments  of,  230  ; 
quoted  on  foundation  of  suggested 
'*  British  Association,"  238 ;  never 
adopted  theories  of  Young,  244  ; 
Scottish  university  professor,  272 ; 
opposed  to  undulatory  theory  of 
light,  ii.  16  ;  letter  from  Young*  27  ; 
theory  of  undulations,  37 ;  experi- 
mental work  of,  45  ;  adherence  to 
projectile  theory,  46 ;  observed  the 
phenomenon  of  fluorescence,  52  ;  245  ; 
criticism  of  '  Vestiges,'  319  ;  482  ; 
stereoscope,  506. 

Brianchon,  ii.  660. 

Bridgewater  Treatises,  ii.  325. 

Briggs,  Henry,  '  Logarithmorum  Chilias 
prima,'  i.  269. 

Bright,  i.  272. 

Brill  and  Niither,  'Theory  of  Functions.' 
i.  303  ;  '  Bericht '  quoted,  ii.  657  ; 
700,  701. 

Brioschi  and  invariants,  ii.  685. 

Brisseau,  a  pioneer  of  the  cellular 
theory,  ii.  262. 

British  Association,  i.  42,  236  ;  founded, 
89,  238  ;  suggested  by  Brewster,  ih.  ; 
successful  work  of,  239  ;  Sir  Charles 
Lyell  on,  240  ;  reports,  ii.  54  ;  55,  58, 
73 ;  meeting,  163. 

'British  Quarterly  ReWew,'  quoted  on 
the  two  older  universities,  i.  254. 

Brix,  Walter,  ii.  734. 

Broca,  speech,  ii.  478,  479,  539. 

Brockhaus,  '  Conversations-Lexicon,'  i. 
273. 

Brodie,  ii.  362. 

Brongniart  (see  Cuvier),  associated  with 
Cuvier  in  palaeontological  work,  i. 
139 ;  excavations,  ii.  248 ;  explora- 
tion of  Paris  basin,  294. 

Bronn,  translation  of  *  Origin  of 
Species,'  ii.  322. 

Brougham,  Lord, '» unfair  criticism  of 
Young,  i.  244  ;  *  Edinburgh  Review,' 
273  ;  on  Dr  Young,  ii.  9,  19, 

Broussais,  French  medical  science,  i. 
208  ;  phrenologj',  ii.  477. 

Brown,  Crum,  and  Tait,  Memoir  of 
Thomas  Andrews,  ii.  162  ;  on  Sainte 
Claire  Deville  and  "  dissociation," 
163  ;  438. 


Brown,  John,  i.  126. 

Brown,  Robert,  used  the  term  "  cell,"  i. 
195  ;  scientific  publications  of,  230 " 
not  member  of  any  university,  238 
discovery  of  the  cell  nucleus,  ii.  264 
338. 

Brown,  Tliomas,  'Cause  and  Effect,' i. 
84  ;  ii.  511. 

Browning,  maturer  thought  of,  i.  76. 

BrUcke,  i.  198 ;  protoplasmic  theory,  ii. 
443  ;  language,  538. 

Bruhu.s,    'Life  of  A.  von   Humboldt,' 
i.  238,  ii.  225,  253,  475. 

Bruno,    animation    of   all    matter,    ii. 
369. 

Brunswick,  history  of,  ii.  280. 

Bryan,  Prof.,  second   law  of  thermo- 
dynamics, ii.  176 ;  595. 

Bryce,  James,  quoted  on  German  uni- 
versities, i.  159. 

Buache,  geography  at  the  Ecole  nor- 
male,  i.  112  ;  113. 

Buch,  von,  on  descent,  ii.  330. 

Buchner,  L.,  materialism,  i.  60 ;  *  Kraft 
undStotr,'ii.  320;  323. 

Buckland,  Wm.,  i.  106;  palaeontologi- 
cal  work  of,  139 ;  ii.  325. 

Buckle  quoted,  i.  114  ;  statistical 
metliod,  124  ;  philosophy  of,  ii.  346  ; 
statistics,  584,  599  ;  607,' 608. 

Buee  on  imaginaries,  ii.  653. 

Buffon,  importance  in  French  literature 
of,  i.  105  ;  283  ;  influence  of,  on  the 
study  of  nature,  106  ;  at  the  Jardin 
des  Plantes,    1()7  ;  philosophical  in- 
fluence   of.    111;    113;    discouraged 
views    of    Linnaeus  in   France,    117; 
119,   131;    natural  hi.story  of,   126; 
137,    142;    'Theorie    de    la    Terre,' 
144 :  288  ;  against  Clairault's  attempt 
to  correct  gravitation  formula,  334  ; 
classification  of  natural   objects,   ii. 
221  ;  232  ;  analogies  of  nature,  255  ; 
'Epoques  de  la  Nature,'  277,  309; 
322;  "organic  molecules,"  454,  610  ; 
455  ;  influences  Herder,  532  ;  613. 
Bunge,       *  Physiological      Chemistry ' 

quoted,  ii,  378,  425,  426,  434. 
Buusen,  Baron  von,  relative  merits  of 
Young    and    Champollion,    i.    244  ; 
^Egypt's  Place  in  Universal  History,' 

Bunsen,  R.  W.  von,  i.  412;  cesium 
and  rubidium,  ii.  49 ;  spectrum 
analysis,  57. 

Burali  Forti,  ii.  656. 

Burbury,  ii.  595. 

Bnrckhardt,  J.  K.,  calculates  orbit  of 
Cere.s,  i.  182 ;  lunar  theory,  329. 


Burkhardt,  H,,  on  Ruffini,  ii.  688 ;  on 
Riemann,  698,  700.  "o  ,  on 

Burnet,  Thomas,  i.  283. 
Burnett  James.     See  Lord  Monboddo 
^™'   'wealthy  spirit  of,  i.  78;   212, 

Burn^side,  his  'Theory  of  Groups,'  ii. 

Butler,  pbilasophy  in  English  universi- 
ties represented  by,  i.  254;  apologetic 
wntmgs  of,  ii.  325.  '    i      °     ^ 

Btitschli,  on  fertilisation,  ii.  227  •  foam 
theory,  427  ;  '  Mechanismus  und 
Vitalismus,'  463, 

Buys  Ballot  and  Boscovich 's  theory, 
i.  359  ;  Doppler's  principle  proved  in 
acoustics,  ii.  49, 

Byron,  revolutionary  spirit  of,  i,  78. 

Cabauis,  alliance  with  medicine,  i.  126  ; 
127  ;  *  Revolutions  de  la  Medecine  ' 
135;  152;  'Rapports  du  Physique 
et  du  Moral  de  THomme,'  ii.  469- 
hiis  .simile,  470,  503  ;  science  of  man,' 
471  ;    language  and  grammar,   529  ; 

Caesalpinus,  arrangement  of  leaves  of 

plants,  ii.  223. 
Caisar,  Napoleon  compared  with,  i.  153. 
Caesium  found  by  Kirchhoff  and  Bun- 
sen,  ii.  49. 
Cailletet,    condensation    of  permanent 

pases,  i.  316. 
Caloric,  ii.  154. 
Calvin,  direct  influence  of,  on  Scotlan<l, 

i.  253  ;  educational  work  of,  255. 
'Cambridge  Mathematical  Journal,'  i. 

41. 
Campbell  and  Garnett,  'Life  of  Clerk- 

]\[axwell,'  ii.  599. 
Campbell,   H.  J.,  translation  of  Hert- 

wig's 'The  Cell,' ii.  26.^. 
Campe,  edition  of  'Robinson  Crusoe,' 

i.  256  ;  ii.  324. 
Camper,  ii.  247  ;  collection  of  fossil.-:, 
248  ;   physiognomy,  477  ;   influences 
Herder,  532. 
Cannizzaro  showed  the  value  of  Avo- 

gadro's  hypothesis,  i.  427,  445. 
Cantor,  M.,  history  of  mathematics,  iL 

632 ;  quoted,  633  ;  634,  680. 
Cantor,  G.,  on  theory  of  probabilities, 
i.   122 ;    ii.   630 ;    a  new  chapter  in 
mathematics,  634  ;  734  ;  on  the  trans- 
finite,  735,  737. 
Capillary  action,  i.  356. 
Carbon  tetrahedron,  the,  i.  450. 
Carlyle,  influence  of,  on  English  style 
and    language,    i.   22 ;    first  to  give 
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specific  meaning  to  the  word  Thought, 
26;  'Life  of  Schiller,'  134;  171; 
quoted,  ii.  520  ;  528,  531,  608. 

Carnot,  Hippolyte,  Sadi  Carnot's  'Puiss- 
ance Motrice,'  ii.  118;  referred  to, 
130. 

Carnot,  L.  M.  N.,  on  correlation,  ii. 
100,  138,  658 ;  Chasles  on,  ib. 

Carnot,  Sadi,  valuable  researches  utilised 
by  Helmholtz,  Thomson,  and  Joule, 
i.  201 ;  absolute  scale  of  temperature, 
315  ;  the  steam-engine,  331  ;  mech- 
anical theory  of  heat,  ii.  105  ;  prac- 
tical character  of  his  labours,  117  ; 
'Puissance  Motrice,'  quoted,  118, 
122;  analogy  between  liow  of  water 
and  of  heat,  122 ;  heat  theories, 
123 ;  perpetual  motion,  124,  126  ; 
and  Joule,  128  ;  dissipation  of  energy, 
130  ;  first  detinite  use  of  new  con- 
ceptions of  power  and  work,  137  ; 
his  theory  referred  to,  139 ;  second 
law  of  thermo-dynamics,  175. 

Carocher,  i.  113. 

Carpenter,  labours  of  von  Baer,  ii.  302  ; 
608. 

Carruthers  quoted  on  Hugh  Miller,  i. 
288. 

Cartesian  physical  philosophy,  i.  433. 

Cams,  C.  J.,  phrenology,  ii.  477. 

Carus,  Victor, '  Geschichte  der  Zoologie,' 
i.  130.  ii  213  ;  comparative  anatom- 
ist and  the  Naturphilosophie,  i.  207  ; 
*  Geschichte  der  Zoologie '  quoted,  ii. 
220,  221,  230,  234,  237,  239,  260, 
265  ;  Goethe,  Oken,  and  the  genetic 
view,  317. 

Cassini,  i.  107,  113  ;  astronomical  con- 
stants, 322;  the  motion  of  light,  ii. 
10. 

Catabolism,  ii.  395,  442. 

Cauchy,  Augustin,  mathematics  and 
physics,  i.'45  ;  188  ;  theories  of  elastic 
forces  in  solid  bodies,  360 ;  properties 
of  ether,  ii.  31,  33 ;  theory  of  elasticity, 
31,  41  ;  molecular  researches  of,  43 ; 
analytical  method  of,  45  ;  referred  to, 
54  ;  school  of,  referred  to,  93,  100  ; 
influenced  German  thought,  101  ;  his 
reforming  influence,  &c. ,  636  ;  and 
Gauss,  637  ;  Abel  on,  ib.;  Combes  on, 
lb.;  his  memoir  on  detinite  integrals, 
639 ;  Legendre  on,  ib. ;  640 ;  his 
'  Cours  d'Analyse  '  quoted,  647  ;  on 
Poncelet's  principle,  660  ;  680,  683, 
690;  and  Riemann,  693,  695,  697, 
704,  706;  707, -732. 

Cavendish,  discovered  hydrogen,  i.  115  ; 
155 ;    scientific    discoveries  of,   229 ; 


not  member  of  any  university,  2.38  ; 
important  papers  of,  lost^  277  ; 
measurement  of  gravitation,  320 ; 
measurements  of,  343  ;  founded  exact 
science  of  electricity,  347  ;  discoveries 
of,  354 ;  researches  of,  363 ;  and 
Lavoisier,  386,  387;  391,  393; 
chemical  equivalents,  418  ;  ii.  70. 

Cavendish  Society,  i.  43. 

Cayley,  Arthur,  and  PlUcker,  i.  242  ; 
developed  theories  of  Boole,  247 ; 
doctrine  of  "  invariants,"  ii.  140 ; 
on  mathematics,  631;  on  "Curve,'' 
'Encyclopedia  Britaunica,'  641  ;  on 
"deficiency,"  ih, ;  on  extended  sys- 
tem of  numbers,  654  ;  670  ;  geometry 
and  modern  algebra,  671  ;  676,  684  ; 
his  great  memoirs  on  Quautics,  684, 
686,  691  ;  on  functions,  693 ;  on 
non-metrical  relations,  713  ;  on  the 
"Absolute,"  715;  on  the  "Imagin- 
ary," 716. 

Cell,  autonomy  of,  ii.  395. 

Cellular  theory,  i.  194  ;  ii.  260,  417 ; 
pathology,  i.  195. 

Celsus,  medical  works  of,  ii.  207. 

Centralisation,  ii.  524. 

Century  does  not  inherit  all  of  the 
past,  i.  56  ;  nineteenth,  the  scientific 
century,  89. 

Ceres,  discovery  and  rediscovery  of,  i. 
54,  82  ;  discovery  of,  423. 

Challis  and  the  discovery  of  Neptune, 
i.  277. 

Chambers,  Robert,  authorship  of  '  Ves- 
tiges,' ii.  318  ;  320. 

Chambers,  Robert  and  William,  publish 
their  Journal,  i.  273. 

Chambers's  Encyclopaedia,  "  Educa- 
tion," i.  257  ;  first  published,  273. 

ChampoUion,  "  hieroglyphics,"  i.  244. 

Chances,  science  of,  ii.  568. 

Chaptal,  practical  discoveries  of,  i.  147. 

Charcot,  language,  ii.  539. 

Charles  and  Gay  -  Lussac's  law  of 
temperatures,  i.  425,  429. 

Charles,  Duke  of  WUrtemberg,  i.  133. 

Charles  XL  built  Greenwich  Observa- 
tory, i.  98 ;  ii.  562. 

Chasles,  Michel,  quoted  on  Monge,  i. 
114 ;  synthetic  method  of,  ii.  100 ; 
geometrical  mechanics,  101 ;  his  'Geo- 
metric superieure  '  quoted,  592,  ^6:^%  ; 
670 ;  infinitely  distant  elements,  671 ; 
brilliant  writings  of,  673  ;  eclipses 
German  mathematicians,  673 ;  6S4, 
685. 

Chatelet,  du,  Madame,  explained  New- 
ton to  Voltaire,  i.  106. 


Chemical    laboratories    established,    i. 

188. 

Chemical  symbolism,  i.   417;   affinity 
neglect  of  the  study  of,  420  ;  theory 
Kopp  on,  421  ;  and  physical  reason- 
mg  contrasted,  424  ;  attinity,  theories 
of,  4o2  ;  affinity,  ii.  157. 

'  Chen.ie,  Gehleu's  Allgenieines  Journal 
fiir,    i.  41. 

'Chemische  Annalen,'  Crell's,  i.  41 
Chemistry,  a   French   science,  *  i.  'll4  • 
equivalents,  399  ;  organic,  407  ;  Lie- 
big's  definition  of,  409  ;  substitution 
lb. ;  "type " theory,  411 ;  uncertainty 
about  theory  in  middle  of  century 
413;    periodic  law,    422;    structural 
and  stereo-chemistry,  447  ;  change  in 
definition  of,  454  ;  ii.  389 ;  change  in 
organic,  393. 
Ch^nier     Marie  -  Joseph,     Report     on 

French  literature,  i.  149. 
Cherbuliez,  E.,  '  Ueber  einige  physik- 
ahsche     Arbeiten     Eulers,'     ii      8  • 
quoted,  46.  '        •        » 

Cheselden,   space  -  perception,   ii.   473- 
505.  ' 

Chesterfield's,    Lord,    Letters,    quoted 
from,  i.  105. 

Chevalier,  Aug.,  Galois's  letter  to,  ii. 
o86. 

Chevenix,  not  member  of  any  university, 

Chevreul,    'Recherches    sur  les    Corps 
gras  d'origine  auimale,'  i.  454  ;  ii.  406. 
thimie,  Annales  de,'  issued  by  Ber- 
thoUet,  i.  41.  ^ 

"Chirality"  discovered  by  Pasteur,  i. 
431 ;  origin  and  meaning  of  the  word* 
11.  22 ;  437. 

Chladni,    'Akustik,'   i.    83;    theory  of 
^  elasticity,  ii.  31. 

Chloral  discovered  by  Liebig,  i.  93. 

Chloroform  discovered  by  Liebig,  i.  93. 

Christiansen  and  Kundt,  discovery  of 
anomalous  dispersion  of  wave-motion, 
11.  o3,  54.  ' 

Christie,  not  member  of  any  university, 

1.    ^Ot7. 

Chnstison  of  Edinburgh  University,  i. 

Chronometers,  i.  329 

^^^y^tal  G.,  PlUcker,  and  Faraday,  i. 
^*^;  John  Napier,  Baron  of  Mer- 
chiston,'  quoted,  269;  on  David 
Gregory,  270;  "Magnetism,"  ii.  75. 

^hurch  on  the  spiral  theory,  ii.  224. 

Cicero,  ii.  523. 

"Cinematique,"  the  word  introduced 
by  Ampere,  ii.  5. 


^'ou'he,"^"?? ^  '^'  *^''  "•  124  ;  division 

Clairault  t^liowed  Newton,  i.  96;  his 

Theorie  de  la  Figure  de  la  Terre,' 

99  ,  referred  to  by  Voltaire,  106,  107  • 

FrlcT's?  ^''^^  ^^^^^i«"-We  in' 
trance  23/;  Laplace  and,  .319- 
lunar  theory,  329;  attempt  to  cor- 
rect Newton's  law,  334 ;  capillary 
attraction,  356,  378.  ^       ^ 

Clapeyron,  i.  379 ;  suggested  earlier  re- 
searches of  Clausius  and  Thomson,  ii. 
11/;  Carnot s  'Puissance  Motrice,' 
cal,  ^6         ''''     '"'''"'''  12'^  '  ^^iographi- 

Clark  j.  W.,  and  T.  M'K.  Hughes, 
.    .;^1^"^  Letters  of  Adam  Sedgwick,' 

Clark,  Latimer,  "Weber"  unit,  i.  y69. 

Clarke,  Newton's  "  de.scriptive  and 
calculating"  philosophy,  i.  337-  let- 
ter to  Leibniz  on  gravitation  quoted, 

Classics,  foreign,  superiority  in  number 

^?^-  l.'Jo '^y  °^'  German  translations 
of,  1.  213. 

Classification,  ii.  231. 
Clausius,    Rudolf,    on    atoms,   i    313  • 
I'Entropy  "  316,   ii.    169,    181,    184,' 
0V»4;  the  kinetic  theory  of  gases    i 
433,   ii.   34,   162 ;   '  VMt  mechanische 
Warmetheorie,'  i.  434,  ii.  163.  lo7  ; 
"on  the  average  mean  path  of  a  par- 
ticle,"   1.    438;    theoretical    thermo- 
dynamics,   ii.    62;    independence    of 
Mayer's  writings,  97  ;    "work"  ai.d 
"energy,"  115;  unifies  the  views  of 
Mayer    and    the    measurements     of 
Joule,    116;    "conservation    of    en- 
ergy," 128  ;  "dissipation  of  energy," 
131  ;  labours  of,  133,  173;  researches 
ot,   1.33;    Prof.    Unwiu's   account  of 
theories  of,  135 ;  elaboration  of  Joule's 
and    Regnault's    experiments,    137 ; 
physical  view  of  nature,  141  ;  dyna- 
mical theory  of  heat,  148  :    dissoci- 
ation,   163;     "free    energy,"    175; 
heat,   178;    theory  of  probabilities, 
590  ;  thermo-dynamics,  603. 
Clavius  quoted,  ii.  287. 
Clebsch,  A.,  on  Julius  Pliicker,  i.  242, 

ii.  75,  76,  677. 
Clifford,  W.  K.,  "axioms  of  geometry," 
i.  352  ;  reflex  action,  ii.  5'20  ;  "  mind- 
stufl""  theory,  546  ;  criticism  of  Clerk- 
Maxwell,  606,  608,  656  ;  on  Riemann, 
704. 
Cohn,  quoted,  ii.  559. 
Colbert  recognised  the  practical  value 
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of  science,  i.  98;  134;  first  statisti- 
cal bureau,  ii.  561. 

Coldini?,  ii.  107,  109 ;  indestructibility 
offeree.  111,  125  ;  heat,  112. 

Coleridge  imports  philosophy  of  Kant 
and  Schelling  into  England,  i.  17  ; 
healthy  spirit  of,  78;  'Christabel,' 
84  ;  intluenoe  on  metaphysical  studies 
of,  91 ;  lectured  at  Roval  Institution, 
249,  264. 

College  de  France,  i.  107. 

College  et  Ecole  de  Chirurgie,  i.  107. 

Collignon  (see  Combes),  ii.  101. 

Collins,  invention  of  the  calculus  by 
Leibniz  communicated  to,  i.  101. 

Colour,  ii.  484  et  seq. 

Combe,  Geo.,  phrenology,  ii.  477. 

Combes,  Phillips  et  Collignon,  '  Expose 
de  la  Situation  de  la  Mecanique  ap- 
pliquee,'  ii.  101 ;  quoted  by  Valson  on 
Cauchy,  637. 

Combinatorial  school  in  Germany,  ii. 
642 ;  analysis,  Leibniz,  679 ;  Mac- 
Mahon  on,  ib. 

Combustion,  theory  of,  i.  389. 

Commutative  principle,  ii.  717. 

Compayre,  educationalist,  on  Rousseau, 
i.  259,  260. 

Complex  quantity,  ii.  643  ;  interpreta- 
tion of,  653. 

Comte,  Auguste,  philosophy  of,  i.  18, 
61,  ii.  105 ;  his  three  stages  of 
thought,  i.  73 ;  positivist  theory  of, 
85  ;  306  ;  '  Philosophie  Positive,'  307, 
308,  ii.  37,  239;  scientific  errors  of, 
i.  310  ;  opposed  to  undulatory  theory 
of  light,  ii.  37  ;  and  De  Blainville, 
247,  266  ;  theory  of  probabilities,  569, 
608 ;  749. 

Comtism,  failure  of,  i.  72. 

Condamine.  La,  astronomical  constants, 
i.  322. 

Condillac,  'Essai  sur  les  Origines  des 
Connaissances  humaines,'  i,  144;  ne- 
glect of,  by  Napoleon,  149 ;  his 
ignorance  of  physiology,  ii.  471 ; 
language,  536. 

Condorcet,  importance  in  French  litera- 
ture of,  i.  105  ;  quoted,  110 ;  educa- 
tional work  of,  112  ;  the  theory  of 
probabilities,  120  ;  alliance  with  medi- 
cine, 126 ;  Academic  des  Sciences 
morales  et  politiques,  145;  suicide  of, 
147;  neglect  of,  by  Napoleon,  149; 
distinguishes  education  and  instruc- 
tion, 259,  260 ;  statistics,  ii.  570,  573. 
Conflict  between  the  scientific  and  the 

philosophical  views,  i.  205. 
Conformal   representation,   Gauss    and 


Riemann    on,    ii.    700;    Holtzmliller 

on,  701. 
Congruences,  theory  of,  ii.  723 ;  calculus 

of,  724. 
Conrad,  Prof.,  'The  German  Universi- 
ties for  the  last  Fifty  Years,'  i.  159 : 

quoted  on  German  universities,  160 ; 

'  Die  Deutschen   Universitiiten,'  197, 

198. 
Conring,  Hermann,  statistics,  i.  121,  ii. 

555  ;  political  statistics,  562. 
Consciousness,  ii.  516. 
Conservation  of  force,  i.  218. 
Constable,  his  influence  on  painting  in 

France,  i.  19. 
Constant,   Benj.,  visits  Germany  with 

Mnie.  de  StaM,  i.  17. 
Continuity,  of  living  forms,  ii.  453  ;  in 

geometry,  660. 
Continuous,  the,  ii.  643. 
Convention,  decree  on  Academy  of,  i, 

148. 
Convergeucy  of  series,  ii.  646. 
Conyheare,  W.  D.,  report  on  the  pro- 
gress of  geological  science,  ii.  281. 
Cook,  Captain,  i.  52,  179  ;  voyages,  ii. 

222. 
Cooper,  Astley,  English  medical  science, 

i.  208 ;  no  connection  with  the  English 

universities,  272. 
Co-operation,  ii.  566. 
Cope,  E.  D.,  ii.  271 ;  neo-Lamarckiaii, 

351. 
Copernicus,  i.  118;  precursor  of  Kepler, 

317  ;    stimulated    star  -  gazing,    327  ; 

astronomical  theory  of,  ii.  13. 
Coriolis,  St  Venant  quoted  on,  i.  369 ; 

practical  school  of,  ii.  100. 
Cornu,  "Association  Fran^aise."  i.  298. 
Correspondence    in     mathematics,     ii. 

736. 
'  Correspondenz,  >^onatliche,'  Zacli's,  i. 

41. 
Corti,  arcades  of,  ii.  372. 
Cosmical  view,  ii.  369. 
Cosmos,  genesis  of  the,  ii.  360. 
Cossar  Ewart  on  Jameson,  i.  283. 
*'  Cost"  as  factor  in  industry,  ii.  155. 
Coste,  study  of  food  fishes,  ii.  232. 
Cotes,  Roger,   'Aestimatio  errorum  iu 
mixta  mathesi,'  i.  324;  **  description 
and  explanation  of  phenomena,"  337: 
second   edition   of  'Principia,'  351; 
preface    to    '  Principia '    misleading, 
355. 
Cotton,    M.    A.,    "Le   Phenomene  de 

Zeemann,"  ii.  197. 
Coulomb,    measurements    of,    i.    343, 
362,  368,  369 ;  founded  exact  science 


of  electricity,  347;  torsion  balance, 
360 ;    attraction    and    repulsion    of 
electrified    bodies,    361 ;    370 ;    two- 
fluid     theory     of     electricity,     ib. ; 
electro-static  formula  of,  371  ;  Young 
and,  ii.  30  ;  modern  view  of  electrical 
phenomena,  67 ;  72 ;  referred  to,  78, 
92 ;  laws  of,  79 ;  practical  school  of, 
100;  electrical  theory   of,   153;  the 
atomic    view    of    nature,    188,    191 
193  ;  69S. 
Counting  and  measuring,  ii.  732. 
Couper,  chemical  researches  of,  i.  447. 
Courcier,  geometrical  work  of,  i.  114.' 
Cournot.  testimony  to  work  of  German 

universities,  i.  225. 
Cousin  guillotined,  i.  147. 
Cousin,  Victor,  testimony  to  work  of 

German  universities,  i.  225. 
Couturat,  L.,  ii.  734. 
Cowley,  Ode  on  Bacon,  i.  96. 
Cowper,   'The  Task,'  i.  285;   Letters, 

286. 
Cramer,  'Analyse  des  lignes  courbes,' 

&c.,ii.  682. 
Crawford,   Dr,    influenced    by    Black's 

lectures,  ii.  102. 
Crell's  'Chemische  Annalen,'  i.  41. 
Crelle's    'Journal    fiir.  die    reine    und 
angewandte  Mathematik,'  i.  41,  186, 
ii.  58 ;   correspondence   Avith   Gauss 
i.  185. 
Cremona,    i.    188 ;    quoted,    ii.    665 ; 

proves  Steiner's  theorems,  681. 
Critical  methods,  ii.  626. 
Crofton,    M.    W.,    "Probabilities,"  ii. 

569. 
Cronie,  Prof.,  statistics,  ii.  579. 
Cronsted,  inventor  of  blow-pipe,  i.  117. 
Crookes,  Sir  William,  quoted  on  Prout's 
hypothesis,   i.   403;    sodium    vapour 
m  the  sun's  atmosphere,  ii.  48  ;  ex- 
periments and  discoveries,  190  ;  "  cor- 
puscular" theory   of   cathode    rays, 
192 ;  (see  Sir  Norman  Lockyer),  .361. 
^riiveilhier,  French  medical  science,  i. 

Crystallographic  and  atomic  laws,  anal- 
ogy between,  i.  444. 

Crystallography,  i.  116,  441. 

Crystals,  laws  of  formation  of,  Haiiv's, 
1.  117  ;  ii.  222. 

Cullen,  metaphysical  leaning  in  medi- 
erne,  i.  126  ;  272. 

Ulyerwell,  ii.  595. 

Curie,  geometrical  treatment  of  crystal- 
lography,  i.  443. 

Currie,  first  use  of  thermometer  at 
bedside,  ii.  388. 


Curtius  Ernst,  '  Alterthum  und  Gegen- 
wart,'    1.    215;    on    English    archl- 

f^'T^FJ '  ^"°*^d'  295  ;  on  M.  W 
Leake,  296. 

Curves,  degree,  class,  genus  of,  ii.  641 
buvier  Georges,  scientific  report  of 
]•  42,  152  154;  'Tableau'  and 
'Lecons,'  82;  112;  on  Priestley  as 
chemist,  115;  on  HaUy,  118;  ad- 
vance in  study  of  organic  life  119- 
services  of,  to  practical  science,  125  \ 
126  ;  Eloge  of  Halle,  127  ;  'Le  Re^ne 

fTt\  ^.^1'  ^"°^'^^'  129,  132,  141, 
146,  147,  150,  li.  249 ;  makes  nervous 
system  of  animals  the  basis  of  classi- 
fication,    i.    130;    training   of,    133- 
description  of  the  "Karlschule,"  134  • 
the  greatest  representative  of  the  aca- 
demic system,  136;  first  great  his- 
torian   of   science,   137;    quoted    on 
science  and  revolution,  138  ;  pala^ou- 
tological  work  of,  139 ;  Eloge  of  Four- 
croy,  140  :  elementarv  sci-entific  text- 
books, 143  ;  report  of  French  Insti- 
tute,   149 ;    educational   institutions, 
15o  ;    163,    172 ;    mistrusted    specu' 
lative    spirit    in    science,    178:    his 
ideas  triumph  over  those  of  Geoft'roy 
St   Hilaire,  179;    200;   in  praise  of 
French     science,     231 ;     quoted    on 
science  in  England.  2.35;  264:  and 
Brongniart,  founders  of  paL'eontologv-, 
291 ;    306 ;    depreciated    by    Conite,' 
310 ;    zoological    labours,    ii.    222  '• 
study  of  fossil  remains,   225;    ana- 
tomical   dissection,    232 ;    zoological 
work,  235 ;   morphological  and  ana- 
tomical  study  of  animal  life,   237- 
classifications,    238,    239,    254  ;    fos- 
sils,   240  ;   rejects  idea  of  "  Echelle 
des    etres, "    243  ;    controversy    with 
Geoff'roy,    246,    253;    palaeontology, 
247;  "catastrophism,"  250,  251 ;  and 
"theory    of    analogies."    254;    the 
question    of  the    fixity    of   species, 
.    256  ;    combats    influence    of    Oken, 
259 ;     extension     of    morpholodcal 
view,   260,   266 ;    influence   of,   276 ; 
*  Ossemens  fossiles, '  277  ;  exploration 
of   Paris   basin,    294 ;   one-sided    in- 
fluence, of,   300,   301;    and   Buffbn, 
309  ;  Eloge  de  Lamarck,  316 ;  views 
of  Lamarck  and  Geoff'roy,  321 ;  and 
Newton,     contrasted    with    Darwin, 
341  ;   a  founder  of  comparative  an- 
atomy,   386,    406;    "vortex,"    422; 
751. 
"Cvclical"  view,  ii.  286. 
Cyclopaedia,  Nichol's,  i.  330,  ii.  133. 
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Cyclopaedias,  i.  273. 

Cyriacus  of  Ancona,  archajological 
pioneer,  i.  295. 

Czapski,  '  Theorie  der  optischen  Instru- 
mente  nach  Abbe.'  ii.  U,  229. 

Czenuak,  language,  ii.  f)38. 

Czuber,  Emmanuel,  theory  of  probabili- 
ties, ii.  568  ;  method  of  least  squares, 
576. 

Dacier,  Report  on  the  progress  of  His- 
tory and  Classical  Literature,  i.  149. 

Daguerre,  photography,  ii.  506. 

Dahlmann,  "theoretical  politician,"  i. 
311. 

D'Alembert,  contributions  to  the  En- 
cyclopedie,  i.  34,  144 ;  his  import- 
ance in  French  literature,  105  ; 
theory  of  probabilities,  120  ;  215,  234, 
237  ;  the  cure  of  smallpox,  284  ;  319  ; 
mathematical  study  of  vibrations,  ii. 
16:  "measure  of  force,"  'Traite  de 
Dyuamique,'  100 ;  statistics,  571 ;  on 
functions,  694 

Dallas,  ii.  349. 

Dalton,  John,  '  New  System  of  Chem- 
ical Philosophy,'  i.  83  ;  atomic  theory, 
189,  266,  385,  394,  415-417,  419,  425, 
426,  428,  ii.  180  ;  scientific  discov- 
eries of,  i.  229 ;  not  member  of  any 
university,  238,  272;  neglect  of,  in 
England.  245  ;  arithmetical  mind  of, 
246 ;  furnished  texts  for  lectures 
in  German  universities,  251  ;  265 ; 
science  of  meteorology,  286 :  293, 
312,  313 ;  heat  a  material  substance, 
433 ;  formulae  of,  436 ;  analogy  be- 
tween crystallographic  and  atomic 
laws,  444;  his  atomic  theory  insuffi- 
cient, 4.'»1 ;  atomic  theory  referred  to, 
ii.  19,  20.  37,  95,  153,*  154;  colour 
blindness,  505. 

Dannecker  educated  with  Cuvier,  i. 
133. 

Dante,  i.  261 ._ 

Danton,  i.  107. 

Darwin,  Charles,  constructive  ideas  of, 
i.  81  :  eminence  of  writings  of,  105  ; 
179  ;  letter  from  Sir  Charles  Lyell  on 
British  Association,  240 ;  theory  of 
descent,  201,  ii.  321,  406  ;  furnished 
texts  for  lectures  in  German  univer- 
sities, i.  251,  310  ;  '  Cirri pedia'  mon- 
ograph, 283;  'Autobiography.'  ib. ; 
nature  -  lover,  287  ;  and  Gilbert 
White,  290;  297,  312;  referred  to, 
ii.  136 ;  value  of  his  visits  to  distant 
countries,  207 ;  studies  of  organic 
life,  209  ;  law  of  descent,  214  ;  con- 


ceptions of,  246 ;  and  Owen,  267 ; 
theory  of  pangenesis,  271,  454  ;  writ- 
ings of,  301,  306  ;  309  :  on  Lamarck, 
318;  'Origin  of  Species,'  326,  329; 
♦Life  and  Letters,'  328;  and  Mal- 
thus,  331 ;  '  Origin  of  Species '  quoted, 
336;  Bates's  "Mimetic  Butterflies," 
339  ;  and  Newton  compared,  341 
et  seq. ;  "  natural  selection,"  351, 
354  ;  434,  437  ;  hybridisation,  373 : 
"final  causes,"  403;  408;  struggle 
for  existence,  418  ;  421  ;  environ- 
ment, 430  ;  conflict  in  nature,  431 ; 
435,  436,  451  ;  quoted,  457  ;  and 
Weismaun,  460;  467,  470;  'Ex- 
pression of  Emotions,'  477  ;  511, 
514  ;  evolution.  530 ;  and  Herder's 
evolutionism,  533 ;  language,  540 ; 
587,  607  ;  variation  in  nature,  608 ; 
on  mental  phenomena,  609  ;  on  "pan- 
genesis," 610  ;  621 ;  two  novel  points 
of  view  of,  624. 

Darwin,  Erasmus,  anticipated  Lam- 
arck, i.  201 ;  285 ;  colour  sensations, 
ii.  482. 

Darwin,  Francis,  '  Life  and  Letters  of 
Charles  Darwin.'  ii.  329. 

Darwin,  G.  H.,  'The  Tides,'  ii.  282. 

Darwin,  Robert  W.,  colour  sensation, 
ii.  482. 

Darwinism,  i.  251,  ii.  386 ;  and  final 
causes,  411  ;  in  Germany,  436. 

Daubenton  at  the  College  de  France, 
i.  107 ;  natural  history  at  the  Ecoles 
normales,  112 ;  113 ;  collection  of 
fossil  remains,  ii.  248. 

Daunou,  Academic  des  Sciences  mor- 
ales et  politiques,  i.  145  ;  152. 

Davy,  Sir  Humphry,  electro-chemical 
discoveries  of,  i.  83,  189,  363  ;  scien- 
tific work  of,  229 ;  science  in  Eng- 
land. 234  ;  not  member  of  any  uni- 
versity, 238,  272;  opposed  Dalton's 
atomic  theory,  245,  246;  studied  in 
laboratory  of  Royal  Institution,  249, 
264 ;  educated  Faraday,  265 ;  un- 
connected with  Cambridge  mathe- 
matical school,  266  ;  electric  action 
in  chemical  processes,  366 ;  decom- 
position of  soda  and  pota.sh,  391. 
404  ;  electro  -  chemical  theory,  40o, 
452  ;  salts  and  acids,  410 ;  attitude 
to  Dalton's  theory,  417 ;  attitude 
towards  the  atomic  theory,  418 ; 
428  ;  chemical  application  of  elec- 
tricity, ii.  92;  electro-chemistry,  93 ; 
heat  and  chemical  change,  102 ;  atti- 
tude to  science  that  of  a  medical 
man,   103 ;   vibrntory  view  of  heat 


104  ;   indestructibility  of  force,  111 ; 

the  dynamical  theory  of  heat,  128  ' 

154  ;  agricultural  chemistry,  391.       ' 

Dawson,  John,  i.  267. 

De    Bary,     emhryological     studies    of 

plant  life,  ii.  228. 
De  Blainville,  indebtedness  of  Cuvier 
to,  i.  130 ;  organisation,  ii.  236  ;  239  ; 
'  Cuvier  et  Geoffroy  Saint  Hilaire  ' 
247,  255 ;  '  Osteographie,'  257  ;  266'; 
unity  of  organisation,  267;  "com- 
position et  decomposition,"  421  ; 
school  of,  431. 
Decade    philosophique    ridiculed    the 

fall  of  meteors,  i,  327. 
De  Candolle,  A.  P.,  botanist,  ii.  222 ; 
theories  of  symmetry,  223  ;  '  Orgauo- 
graphie  vegetale '   quoted,  230,  236, 
261,  265,  266;   'Theorie  elementaire 
de  la  Botanique '  quoted,  235 ;  mor- 
phological view,  239;    quoted,   240, 
242,  269;   regularity  and  symmetry 
in  organic  nature,  241  ;  symmetry  of 
form,  243  ;  appreciation  of  Goethe's 
work,  quoted,  244  ;  influence  of,  276. 
Decher  (see  Clausius),  ii.  135. 
Decimal  fractions,  ii.  645,  731. 
Dedekind,   R,   biographical  notice  of 
Rieraann,  i.  352;  and  Dirichlet,  ii. 
721 ;  726,   729 ;  on  irrational  num- 
bers, 733,  734,  737. 
De  Gtrando,  i.  149. 
De  Haen,  i.  208. 

Delage,   Yves,  history  of  the  study  of 
organic  life,  ii.  232 ;  '  L'Her^dite  et 
les  grands  probl^mes  de  la  Biologic,' 
265,  364,  371,  372,  444,  455,  458,  459  ; 
'L'Heredite  quoted,   271,  298,   348, 
349,  406,  421,  427,  447,  461 ;  structure 
ot  protoplasm,  370;  school  of  "or- 
ganicism,"  436. 
De  la  Hire,  ii.  664,  667. 
Delambre,   i.   113;    report  of   French 
Institute,  149;  quoted  on  statistical 
methods  in  France,  153. 
Delambre  and  Cu^'ier,  scientific  reports 
of,  i.  42. 

Delaunay,  lunar  theory,  i.  329. 
De  Luc,  attacks  on  Hiitton,  ii.  '291. 
Democritus    of    Abdera,    founder    of 

atomistic  theory,  i.  385  ;   animation 

of  all  matter,  ii.  369. 
De  Moivre,  doctrine  of  chances,  ii.  678. 
Derand,  geometrical  work  of,  i.  114. 
Derhani,  Dr  Wm.,  '  Physical  Theology,' 

ii.  564. 
Descartes,   constructive    system  of,  i. 

75 ;   and  Bacon,  84  ;   123,  137  ;  and 

the  philosophy  of  Kant,  222  ;  Order 


of  Jesus,  256  ;    Harvey's  discovery, 
9Q.>  '  .  T^'S'^^yery    of    reflex    action, 
^?T'  Q.o     f.^s«i?ns  de  I'Ame,'  293; 
^11,  6\6\   his  philosophy  and  New- 
tons  contrasted,  338 ;  qualitates  oc- 
CM/to    3ol;    Snell's   experiments   in 
deflection  of  light  rays,  356  ;  develop- 
ment of  kinetic  view,  ii.  6 ;  Euler's 
opposition  to,  8  ;  theoretical  hydro- 
dynamics,  58;    older  vortex  theory 
and,  62  ;  the  measure  of  force,  100  • 
influence  on  German  philosophy,  205  ; 
theory  of  vortices,  360  ;  a  founder  of 
modern  physiology,   378;    study  of 
J'jology^  3/9,  380;  idea  of  life,  409, 
410;   school  of  "organicisme,"  436, 
455;  470,  519,  638,  641,  697. 
Descent,  theory  of,  i.  201. 
Descriptive  geometry,  ii.  658  et  seq. 
l>eshayes,  history  of  invertebrates,  ii. 

239;  Lamarck,  310. 
Destructive  spirit  in  writings  of  eigh- 
teenth century,  i.  78. 
Destutt  de  Tracy,  'Ideologic,'  i.  83; 
alliance   witli    medicine,    126  ;    152  • 
ideologist,  ii.  472.  ' 

Determinants,  ii.  682  ;  history  of,  ih. 
Development,  study  of,  ii.  264. 
Deville,  Sainte  Claire,  ii.  162. 
De  Wette,   theologian,    influenced  by 

school  of  Fries,  i.  209,  273. 
Diamagnetism,  ii.  74. 
Dickson,  J.  D.  H.,  quoted  by  Galtou, 

ii.  619.  ^ 

Diderot  on  the  genesis  of  new  words,  i. 

21  ;  his  Encyclopedic,  34,  144,  215. 
"  Dielectric,"  ii.  68. 
Diflferential  equations,   general  theory 

of,  ii.  692 ;  Sophus  Lie  on,  ih. 
"  Diffraction, "  Fresnel's  memoir  on,  ii. 

25,  27. 
Dilthey,  '  Schleiermacher,'  i.  279. 
Dingeldey,   *  Topologische  Studien,'  ii. 
64. 

Dingler's     'Polytechnic    Journal,'    ii. 
134. 

Dini,  Ulisse,  on  theory  of  functions,  ii. 
704. 

Dionis  du  Sejour,  death  of,  i.  147. 

Dirichlet,  Lejeune,  lectures  on  mathe- 
matical physics,  i.  44  ;  discourse  on 
Jacobi,  185 ;  quoted,  186,  188,  189  ; 
Fourier's  series,  241  ;  on  Steiner,  ii. 
670  ;  680  ;  and  Ejourier,  694  ;  his  and 
Thomson's  principle,  700,  704,  708; 
721,  726,  728. 

Dissociation,  ii.  163. 

Distribution,  ii.  566. 

Dobereiner,  i.  190. 
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Dohrn,  AntoD,  seaside  lalDoratory 
founded  at  Naples,  ii.  232. 

DoUinger,  Ignaz,  evolutionist,  and  the 
Saturphihsophie,  i.  207 ;  scientific 
researches,  ii.  299  ;  303. 

Dollond,  not  member  of  any  university, 
i.  238  ;  astronomical  instruments, 
322. 

Domesday-Book,  ii.  555. 

Donders,  ou  language,  ii.  538. 

Donner's  rendering  of  the  Greek  dram- 
atists, i.  213. 

Doppler,  enunciated  the  principle  of 
Romer's  discovery,  ii.  10 ;  his  prin- 
ciple of  wave-motion,  49. 

Dove,  meteorology,  i.  205. 

Downs,  0.  G.,  ii.  579. 

Dreyfus-Brisac,  testimony  to  work  of 
German  universities,  i.  225. 

Driesch,  Hans,  ii.  342;  "organicisme," 
455  ;  works  of,  456  ;  463,  549. 

Drobisch,  psychologist,  ii.  494,  497 ; 
pretensions  of  statistics,  586. 

Drude,  P.,  ii.  38. 

Drummond  and  Edinburgh  University, 
i.  269. 

Drummond,  Henry,  ii.  326. 

Drummond,  Thomas,  spectrum  analysis, 
i.  278. 

Duality,  principle  of,  in  geometry,  ii. 
665. 

Dublin  school  of  mathematicians,  i. 
274,  ii.  673. 

Du  Bois-Reymond,  Emil,  on  the  intro- 
duction of  new  ideas  from  abroad, 
i.  16  ;  45  ;  limits  of  the  knowable, 
.^3  ;  106  ;  the  speculative  tendency  in 
science,  179;  'Reden,'  188,  215,  ii. 
149  et  seq.  ;  '  Gediichtnissrede  auf 
Job.  Muller,'  i.  198,  293;  voltaic 
electricitv,  199 ;  quoted,  216,  ii. 
270,  381,*  469,  478  ;  mechanical  view 
of  biology,  i.  219 ;  Bell's  doctrine, 
293  ;  •  Akademie  der  deutschen 
Sprache.'  298  ;  '  Ueber  die  Grenzen  des 
Naturerkennens,'  348  :  objections  to 
Kirchhotf' s  definition  of  *  *  mechanics," 
3S3  ;  researches  of,  ii.  208  ;  EIoe:e  of 
Johannes  Miiller,  384.  419,  482,^491  ; 
revolution  in  physiological  studies, 
396  ;  '  Researches  in  Animal  Elec- 
tricity,' 397  ;  401 ;  position  in  vitalistic 
controversy,  403 ;  essay  on  Vital 
Force,  405  ;  408,  409,  411  ;  on  the 
principle  of  natural  selection,  quoted, 
414  ;  vitalism,  434  :  **  Darwin  versua 
Galiani,"  quoted,  435;  **E.xercise," 
436 ;  active  nervous  system,  438  ; 
animal  electricity,    475,    476 ;    481  ; 


principle  of  reflex  action,  519  ;  546, 
743. 

Du  Bois  -  Reymond,  Paul,  services  to 
scientific  reasoning,  i.  45 ;  103 ; 
'  Grundlagen  der  Erkenntniss  in  den 
exacten  Wissenschaften,'  341  ;  377 ; 
gravitation  '*  unknowable,"  352 ; 
kinetic  theory  of  gases,  433  ;  works 
of,  ii.  631,  705  ;  theory  of  functions, 
704  ;  on  aritlimetising,  739. 

Du  ChMelet,  Madame,  letter  from  Vol- 
taire to,  i.  105. 

Duchesne,  physiognomy,  ii.  477. 

Duclos,  on  education,  i.  259. 

Ducos  quoted,  i.  109. 

Dufav,  controversy  on  electric  fluid,  i. 
362. 

Duhamel,  mechanics, ,  i.  44  ;  taiiglit 
metallurgy  at  the  Ecole  des  Mines, 
107. 

Duhem  (see  Prof.  Ostwald),  ii.  159; 
labours  of,  Horstmann,  170  ;  thermo- 
dynamic Dotential,  173  ;  '  Mecanique 
chimique,  173  ;  chemical  equilibrium, 
175. 

DUhring,  E.,  'Kritische  Geschichte  der 
allgemeinen  Principien  der  Mechanik,' 
ii.  97, 101;  historical  and  controversial 
writings,  107. 

Du  jardin,  Felix,  sarcode,  ii.  264  ;  detiui- 
tion  of  a  cell,  265. 

Dulong  and  Petit,  specific  heat  of  bodies, 
i.  428,  429. 

Dumas,  *Le9ons  sur  la  Philosophic 
chimique.'  i.  114;  revives  Prout's 
hypothesis,  402,  403 ;  explanation  of 
"isomerism."  406;  the  "radicle" 
theory,  409  ;  attack  on  electro- 
chemical theory,  ib.  ;  410;  "type" 
theory,  411  ;  413;  attitude  towards 
the  atomic  theory.  418  :  quoted,  421, 
ii.  370,  441  ;  i.  402,  428 ;  spectro- 
scopic observations,  ii.  361 ;  *  Essai 
de  Statique  chimique  des  Etres 
organises, '  392  ;  substitution  in  chem- 
istry, 393 ;  406. 

Duncker,  G.,  statistics  of  variation,  ii. 
622. 

DUntzer,  ii.  531. 

Dupin,  Charles,  ii.  579 ;  658. 

Dutens,  *  Leibnitii  Opera  Omnia.'  ii. 
280. 

Dutrochet,  Bell's  theorem,  i.  293 ;  ii. 
230,  261. 

Dynamics,  ii.  5  ;  and  statics,  144. 

I^ckermann  quoted,  ii.  253. 
Ecole  centrale  des  Travaux  publics,  i. 
112. 


Ecole  des  Ponts  et  Chaussees,  i.  107. 
Ecole  normale  sup^rieure,  i.  112    113 

237. 
Ecole  poly  technique  of  Pari.s,  i.  112- 
used    as    model    for    German    poly- 
,technic  schools,  166. 
Ecole  veterinaire  d'Alfort,  i.  107. 
Ecoles  de  Sante,   i.    113;   founded  at 
Paris,  Strasbourg,  and   Montpellier 
142.  ' 

Economics  and  biology,  ii.  415. 
Edgeworth,  Prof.,  "The Law  of  Error," 

ii.  576.  ' 

'  Edinburgh     Magazine    and    Review ' 

issued,  i.  273. 
'Edinburgh  Review,'  literary  criticism 
of,  i.  84  ;  233  ;  quoted,  234,  235,  236  ; 
on  English   universities,   254  ;    270 ; 
first  issued,  273 ;  Brougham's  attack 
on  Young,  ii.  19. 
Edison,  phonograph,  ii.  490. 
Education,    and    instruction,    i.    258  • 
liberal,  ideal  of,  255.  ' 

Educational   conflict  on   discipline,   i. 

Educational  eflForts  in  different  countries, 
i.  252  et  seq.  ;  in  Scotland,  253  ;  liter- 
ature of  Switzerland,  ib. 

Educational  institutions,  French,  i.  112. 

E'lucational  organisations  in  England, 
i.  262.  ^ 

Edward,  Thomas,  shoemaker  and  zool- 
ogist, i.  287. 

Edwards,  George,  '  History  of  Birds,'  i. 
287. 

Edwards,  Milne,  'History  of  Inverte- 
brates,'ii.  239;  Lamarck,  310;  Hux- 
ley on,  322;  "physiological  division 
of  labour,  ".396. 

Ehrenberg,  'Ueber  Leibnitzens  Meth- 
ode,'  ii.  280. 

Eighteenth  century,  one  of  revolution, 

i.  77. 

Eisenstein,  and  theory  of  numbers,  ii. 

684. 
Elasticity,   theory  of,  ii.   30,  40;   31; 

foundation  of  theory  of,  41. 
Electrical  and  magnetic  action,  i.  344. 
Electricity,  and  magnetism,  ii.  64  et  seq.  ; 

velocities  of  light  and,  compared,  84  ; 

modern  researches,  189 ;  electric  dis- 
charges, 195 ;  animal,  475. 
Electro-dynamics,  Wilhelm  Weber's  law 

of,  i.  196 ;  ii.  149. 
Electro-magnetic   theory,    ii.    64 ;    in- 

definiteness  of,  93  ;  153. 
L  ectro-magnetisni,  discovery  of,  i.  92. 
Electrolysis,  ii,  154  et  seq. 
i-lectron,  the  term,  ii.  193. 


"  Electrotonic  "  state  of  matter,  ii.  68, 


Elizabeth,  England  under,  i.  67 
Llliptic  functions,  history  of,   ii.   648 
et  seq. 

^^ii.' 489^'''  ^' ' ''''  *^^^^nology  of  sound, 

Ellis,  Robert  Leslie,  on  Bacon,  i.  94, 
96  ;  his  report,  ii.  649. 

Llphinstone,  Bishop,  started  Aberdeen 
University,  i.  268. 

Elster    and   Geitel,   vacuum    tube    ex- 
periments, ii.  190. 

Emanations,  law  of.  i.  344 

Embryology,  ii.  296. 

Lmpedocles,   relation    to    Galileo   and 
Newton,  i.  313  ;  attraction  and  repul- 
sion,  38o ;  recurrent  cycles,  ii.  287. 
Qor  '    "<^^^^^lus  of  probabilities,"  i. 

*  Encyclopadie     der     Mathematiscben 

Wissenschaften,'  ii.  73. 
Encyclopadie,  lectures  on,  i.  37. 
'Encyclopaedia  Britaunica,'  article  on 

Napier,  i.  269 ;  first  published,  273  ; 

article    on     "Agriculture"    quoted, 

284;    article  on   F.   Mohr,   ii.    106; 

article  on  Sainte  Claire  Deville,  163 ; 
^  232,  279,  569. 

'Encyclopaedia  Metropolitana,'  i.  236. 
Encyclopaedia  of  Ersch  and  Gruber,  i. 

Encyclopedias,  origin  of,  i.  40. 

Encyclopedic  treatment  of  learning, 
age  of,  i.  34,  215  ;  view  necessary  in 
philosophy  and  history,  203;  treat- 
ment of  scientific  subjects,  214. 

Encyclopedists  followed  Newton,  i.  96  ; 
constructive  work  of  school  of,  110  ; 
educational  influence  of.  112. 

Energetics,  science  of,  ii.  141 ;  166 ; 
kinetics  and,  180. 

Energy,   conservation  of,  i.   199,  201 ; 
theory  of,   ii.   87,   96  ;    works  deal- 
ing with,  97  ;  dissipation  of,  97,  364 ; 
the  term   first  used  by  Young,  98 ; 
notion    of,    contained    in    Newton's 
'  Principia,'  99  ;  the  term  introduced 
by    Thom.son,    115;    and    "Force," 
115  ;  availability  and  dissipation  of, 
119;    doctrine   of,   124;    revolutions 
brought    about    by    idea    of,     137; 
"potential  "  and  "actual,"  139,  398  ; 
influence  of  doctrine  of,  399  ;  circu- 
lation of,  420 ;  465  ;  availability  of, 
594. 
Engel,  F.,  on  taste  in  mathematics,  ii. 

632  ;  on  genesis  of  Lie's  ideas,  692. 
England,   science    and    philosophy  in, 
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during  the  early  part  of  the  century, 
i.  75. 

English  character,  individualism  of,  i. 
279 ;  changes  during  last  fifty  years, 
280  ;  love  of  nature,  284,  286  ;  Hankel 
on,  ii.  704,  711. 

Enneper,  '  Elliptische  Functionen,'  i. 
185,  187. 

Entropy,  ii.  169  et  seq.,  181,  594. 

Enumeration,  ii.  561. 

"  Environment,"  ii.  314,  4.30. 

Epicurus,  "essential  and  inherent 
gravity,"  i.  340;  natural  philosophy 
of,  ii.  4. 

Epigenesis  and  evolution,  ii.  298. 

Equations,  theory  of,  Abel,  ii.  681  ; 
general  solution  of,  687  et  seq. 

Equivalents,  chemical,  i.  399. 

Erasmus,  i.  163. 

Erdraann,  misprint  in  his  *  Grundriss 
der  Geschichte  der  Philosophic,'  i. 
.50 ;  ii.  495,  512. 

Erlsberg,  ii.  271. 

Ernest  Augustus,  Elector  of  Hanover, 
i.  158. 

Ernest  II.,  Duke  of  Gotha,  i.  54,  176  ; 
patron  of  the  astronomer  von  Zach, 
177  ;  system  of  education  of,  256. 

Error,  element  of,  i.  323 ;  theory  of,  ii. 
568,  574. 

Ersch  and  Gruber,  Encyclopaedia  of,  i. 
35. 

Eschenbure,  representative  of  encyclo- 
paedic leaching,  i.  38. 

Ether,  luminiferous,  theory  of,  ii.  18  ; 
properties  of,  31  ;  nature  of,  36  ;  hy- 
pothesis of,  37 ;  Sir  0.  Lodge  on 
nature  of  the,  38  ;  nature  of,  40 
et  seq.  ;  mathematical  and  experi- 
mental investigation  of,  44  ;  an 
"elastic  solid,"  54;  luminiferous, 
69,  70. 

Etymology,  value  of,  for  history  of 
thought,  i.  20. 

Eucken,  R.,  on  philosophical  termin- 
ology, i.  21. 

Euclid  preferred  in  England  to  Le- 
gendre,  i.  44  ;  his  works  models  of 
scientific  thought,  95 ;  120,  ii.  4 ; 
Proclus  on,  634  ;  Klein  on,  635  ;  718  ; 
733. 

Eudemus  of  Rhodes,  ii.  633. 

Eudoxus,  Proclus  on,  ii.  634. 

Euler,  Leonhard,  freed  analysis  from 
geometrical  fetters,  i.  103  ;  135  ; 
compete<l  with  T.  Mayer,  158  ;  163  ; 
connection  of,  with  modern  science, 
175 ;  181,  183,  234  ;  analytical 
methods  of,  271 ;   mathematics,  44  ; 


319  ;  lunar  theory,  329  ;  Newton  s 
gravitation  formula,  334  ;  '"  Ir- 
sache  der  Gravitation,"  341  ;  ether 
theory  of  gravitation,  343,  346,  351 ; 
unfavourable  to  Boscovich's  theory, 
358  ;  ii.  7  ;  '  Anleitung  zur  Natur- 
lehre,'  8  ;  the  successor  of  Huygens, 
16,  17 ;  studies  in  elasticity,  30 ; 
spectrum  analysis,  46  ;  psycho-phy- 
sics, 474  ;  510,  637  ;  introduces  con- 
ception of  "function,"  639  ;  643,  646, 
648  ;  on  different  mathematical  inter- 
ests, 657;  669,  680.  692,  694,  695, 
721. 

Evelyn,  John  (see  Arundel  collection), 
ii.  564. 

Everett,  "character"  in  music,  ii.  489. 

Evolution,  ii.  210,  278. 

Ewald,  on  Humboldt's  geological  work, 
ii.  226  ;  253. 

Ewing,  'The  Steam-Engine,'  ii.  136. 

Exner,  *  Repertorium  der  Physik,'  i. 
323. 

Exploration,  the  spirit  of,  ii.  206  et  seq. 

Externalisation,  ii.  525. 

Fabricius  of  Acquapendente,  teacher  of 
Harvey,  i.  282. 

Fagnano,  Count,  Euler  on,  ii.  657. 

Falk,  Johannes,  follower  of  Pestalozzi, 
i.  258. 

Faraday,  electrical  theories  of,  i.  199; 
electrical  researches,  201,  ii.  86 ; 
electrical  and  other  discoveries  of,  i. 
230 ;  science  in  England,  236  ;  not 
member  of  any  university,  239,  272 ; 
and  Pliicker,  242 ;  neglected  in  Eng- 
land, 246  ;  studied  in  latoratory  ot 
Royal  Institution,  249  ;  furnished 
texts  for  lectures  in  German  univer- 
sities, 251  ;  at  Royal  Institution, 
264,  ii.  80  ;  educated  by  Daw,  i. 
265;  "lines  of  force,"  266,  ii.'  68, 
182  ;  not  connected  with  Cambridge 
mathematical  school,  i.  266  ;  neglect 
of  his  writings,  277  ;  279,  297  ;  gravi- 
tation, 344  ;  electricity,  345  ;  sym- 
bolism, 347  ;  nature  of  matter,  358  ; 
discovery  of  electrical  induction,  3*33 ; 
method  of  measuring  the  electric 
current,  365 ;  electrical  action  in 
chemical  processes,  366  ;  discovery 
of  magnetic  induction,  368,  371  ;  lus 
influence,  380;  discovery  of  "iso- 
merism," 406  ;  his  attitude  towards 
the  atomic  theory,  418  ;  431  ;  theory 
of  chemical  affinity,  452  ;  researches 
of,  ii.  35  ;  modem  view  of  electrical 
phenomena,   66  ;    "  magnetisation  of 
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light,"  74 :  electro-magnetic  radiation, 
77  ;  and  Thomson,  78 ;  galvanic  cur- 
rents, 79;  and  Clerk-Maxwell,  80- 
" electrotonic  state"  of  matter,  81; 
tubes  of  force,  83 ;  electricity  in 
motion,  93 ;  and  Poggendorf,  107 ; 
referred  to,  111  ;  indestructibility  of 
force,  ib. ;  correlation  and  inter- 
changeability  of  natural  forces,  119  • 
"force,"  125;  "regelation  of  ice," 
127 ;  indestructibility  of  force,  130 ; 
electricity  in  space,  145 ;  electro- 
magnetic field,  146 ;  electrolytic  law, 
154,  157 ;  results  of  experimental 
work  of,  161  ;  law  of,  165 ;  atomic 
view,  189  ;  observations  of  vacuum 
tube  phenomena,  190  ;  191,  193. 

Faudel  and  Schwoerer,  '  Life  of  Him  ' 
ii.  134. 

Fay,   Du,   referred  to  by  Voltaire,  i. 

Faye,  '  Sur  I'Origine  du  Monde,'  ii.  282, 
357,  360. 

Fechner,  Gustav  Theodor,  'Elements 
of  Psycho-physics,'  i.  200  ;  and  Bosco- 
vich's theory,  359 ;  Ohm's  law,  365 ; 
electrical  theory  of,  371  ;  '  Atomen- 
lehre,'  433;  ii.  369;  psycho-physics, 
469,  493 ;  psychical  research,  508 ; 
'  Psychophysik,'  511  ;  514,  546,  743. 

Felbiger,  Von,  educational  work  of, 
i.  256. 

Fellenberg,  Von,  follower  of  Pestalozzi, 
i.  258. 

Fenelon,  i,  253. 

Fermat,  Pierre,  the  theory  of  probabil- 
ities, i.  120  ;  arithmetical  discoveries, 
181;  187;  his  theorems,  ii.  680, 
721. 

Ferrier,  functions  of  the  brain,  ii.  479. 

Fertilisation  of  plants,  ii.  338. 

Fertilisers,  invention  of  artificial,  i.  92. 

Fessel,  fellow-worker  with  Pliicker,  ii. 
76.  ' 

Fichte,  I.  H.,  and  Lotze,  i.  49. 

Fichte,  J.  G.,  the  province  of  phil- 
osophy, i.  36 ;  influence  on  academic 
teaching,  37,  38;  idealism  of,  60; 
'  Wissenschaftslehre,'  83 ;  doctrine  of, 
170 ;  '  Nature  of  the  Scholar,'  171  ; 
172  ;  mfluenced  by  Spinoza,  212  ;  edu- 
cational significance  of  his  writings, 
258;  263,  264;  system  of,  ii.  500; 
and  Herder,  532. 

Fiedler,  German  translations  of  Sal- 
mon's works,  i.  275,  ii.  669;  685; 
expounds  von  Staudt's  method,  669. 

J^iedler  and  Salmon,  i.  44. 
Field,"  magnetic,  ii.  68. 


^^285^'  "^^^^^  agricultural  chemistry,  i. 
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Fischer,  Emil,  ii.  437. 

Fischer,  E.  G.,  first  table  of  standard 

equivalents,  i.  393  ;  398. 
Fischer,  Kimo  '  Geschichte  der  neueren 

Philosophic,'  i.  67. 
Fitton,  ii.  294. 
Fitzgerald,  G.  F.,  ii.  195. 
Fizeau,  velocity  of  light,  ii.  45,  85. 

ilamsteed,     Newton's    correspondence 

with,  1.  98. 
Flemming,  ii,  444. 

Fletcher,  L.,' The  Optical  Indicatrix,' 
11.  14,  42,  55.  ' 

Flourens,  '  Histoire  des  Travaux  de 
Georges  Cuvier,'  i.  130,  139  ;  'tloges 
Historiques,'  135  ;  and  de  Blainville, 
11.  24/  ;  "filoge"  of  Geoffrey,  255- 
doctrine  of  descent,  322  ;  quoted  on 
Gall,  47/  ;  phrenology,  478. 
Fluorescence,  ii.  52. 
Fluxions,  invention    of  method  of    1 

101  ;  method  of,  ii.  706.  ' 

Fol,  on  fertilisation,  ii.  ii28. 
Fontanes,     conversation    of   Napoleon 

with,  i.  153. 
Fontenelle  popularised  science,  i.  lOfi  • 
literary  influence  of.  111  •  123    134^ 
135,  142,  144,  279;  'Eloge  de  Leib! 
niz    quoted,  ii.  280. 
Forbes,  Edward,  naturalist,  i.  283,  288 
Forbes,  J.  D.,  i.  272 ;  on  radiant  heat. 

ii.  105. 
"Force,  lines  of,"  ii.  68;  Lord  Kelvin 

on,  71  ;  and  "energy,"  115. 
Force,  matter  and,  mathematically  de- 
fined, i.  334.  ^ 
Forces,  correlation  of,  ii.  105. 
Forms,  theory  of,  ii.  678,  684. 
Forster,    Georg,   Humboldt's    view    of 
nature,  i.  52  ;  naturalist,  services  of, 
179  ;  the  term  "  phrenology,"  ii.  477  ; 
influences  Herder,  532. 
Forster,  Johann  Reinhold,  i.  179. 
Forsyth,  A.  R.,  theory  of  functions,  ii. 

704. 
'  Fortnightly  Review,'  ii.  558. 
'  Fortschritte  der  Physik,'  started,  ii. 

58. 
Foster,  Sir  Michael,  '  Text  -  Book  of 
Physiology,'  quoted,  ii.  289,  446; 
physiology,  396;  'Text-Book,'  417; 
"Metabolism,"  421,  442;  "General 
Physiology,"  423,  430 ;  quoted,  428. 
Foucault,  spectrum  analysis,  i.  278 ; 
speed  of  light,  ii.  36,  45 ;  prismatic 
analysis  of  the  voltaic  arc,  50 ; 
"gyroscope"  and  "gyrostat,"  61. 
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Foucher,  'Hypothesis  Physica,'  ii.  5. 

Foundations  of  science,  historical  and 
logical,  ii.  671 ;  of  mathematics  re- 
vised by  Weierstrass,  703  ;  examina- 
tion of,  709. 

Foarcroy,  '  Annales  de  Chimie,'  i.,  41  ; 
at  the  Jardiu  des  Plantes,  107  ;  Ecole 
des  Travaux  publiques,  112 ;  113 ; 
services  of,  to  the  Republic,  148 ; 
criticisms  of  Baumes's  essay,  ii.  390. 

Fourier,  Fr.  M.  C,  and  co-operation, 
ii.  566. 

Fourier,  J.  B.  Jos.,  i.  187  ;  neglected 
by  Paris  Institute,  241  ;  *  Theorie  de 
la  Chaleur,'  322,  ii.  175  ;  theory  of 
dimensions,  i.  323  ;  his  mathematics 
employed  by  Lord  Kelvin,  330  ; 
*'  dynamic  equilibrium,"  ii.  79 ; 
quoted,  120  ;  dedication  of  *  Phil- 
osophie  Positive,'  239 ;  heat,  487 ; 
analysis  of  periodic  phenomena,  623  ; 
on  Jacobi  and  Abel,  657  ;  definition 
of  function,  693 ;  697,  699. 

Fox-Talbot,  light,  ii.  11. 

France,  home  of  scientific  thought  in 
the  early  part  of  the  century,  i.  75. 

Francis  I.  founded  College  de  France, 
i.  107. 

Francke,  A.  H.,  influence  of,  at  Halle 
Universitv,  i.  160  ;  educational  work 
of,  256  ;  257. 

Francoeur's  mathematics  introduced 
into  England  and  Germany,  i.  44 ; 
influenced  German  thought,  ii.  101. 

Frank,  i.  208. 

Frankland,  Sir  Edw.,  chemical  re- 
searches of,  i.  413,  447 ;  atomicity  of 
chemical  compounds  discovered  by, 
414. 

Franklin,  controversy  on  electric  fluid, 
i.  362 ;  Davy's  speculations  on  heat 
and  light,  ii.  104. 

Fraunhofer  lines,  i.  278  ;  theory  and 
practice  of  mea.«!uring,  322  ;  spectro- 
scopic observations,  ii.  47. 

Frederick,  Elector,  reconstitutes  Uni- 
versity of  Heidelberg,  i.  160. 

Frederick  the  Great,  popular  education, 
i.  256  ;  population  statistics,  ii.  563. 

Frederick  II.  of  Denmark  and  Tycho, 
i.  157. 

Freewill,  ii.  583. 

Frege,  G.,  ii.  737. 

Freind,  John,  molecular  attraction,  i. 
355. 

French,  the,  masters  in  science  at  the 
beginning  of  the  century,  i.  41. 

Fresenius,  text-books  of,  i.  1*^8. 

Fresnel,  Augustin,  neglected  by  Paris 


Institute,  i.  241  ;  and  Young,  theories 
of,  244  ;  dynamical  view  of  light,  370; 
revival  of  kinetic  view  of  nature,  ii.  8  ; 
optical  phenomena,  13,  14  ;  undula- 
tory  theory  of  light,  21,  36  ;  views  ou 
"sidedness"  of  rays  of  light,  24; 
Memoir  on  Difi"raction,  25,  26  ;  trans- 
verse vibrations,  28 ;  elastic  theory 
of  light,  31  ;  nature  of  the  ether,  40 ; 
theory  of  elasticity,  41  ;  definition  of 
motion  of  light,  42  ;  theory  of  light, 
43 ;  vibrations  of  the  ether,  56  ;  the 
dielectric  and  luminiferous  ether,  69, 
70,  89;  "elastic  medium"  in  space, 
84 ;  reference  to,  86,  91 ;  344,  467. 

Freytag,  *  Bilder  aus  der  deutscheii 
Vergangeuheit,'  i.  256. 

Frezier,  geometrical  work  of,  i.  114. 

Fries,  Jacob,  i.  195 ;  school  of,  208 ; 
psychologj',  ii.  495. 

Fritsch,  '  Theorie  der  Newton'schen 
Gravitation,'  i.  343. 

Frobel,  founder  of  the  Kindergarten,  i. 
258. 

Frost,  Scheiner's  'Astronomical  Spec- 
troscopy,' ii.  46  ;  362. 

Function,  mathematical,  introduced  by 
Euler,  ii.  639. 

Functions  of  living  substance,  ii.  429. 

Functions,  theory  of,  ii.  693  et  seq.  ; 
two  schools,  693  ;  non-difl'erentiable, 
Hankel  and  Weierstrass  on,  705 ; 
oscillating,  706  ;  analytic,  712. 

Fundamentals  in  mathematics,  ii.  649 
et  seq.  ;  geometrical  and  logical,  651 
et  seq.  ;  Gauss  on,  652. 

Galen,  i.  293 ;  ii.  207. 

Galileo,  Bacon's  indebtedness  to,  i.  94  ; 
mechanical  laws  of,  317  ;  318  ;  stimu- 
lated star-gazing,  327  ;  formula?  of, 
335  ;  described  phenomena  of  falling 
bodies,  353;  389,  424;  'Sidereus 
Nuncius,'  discovered  the  moons  of 
Jupiter,  ii.  10 ;  12 ;  inertia,  124 ; 
•     astronomical  work  of,  227. 

Gall,  J.  F.,  i.  136  ;  extolled  by  Comte, 
310 ;  phrenology,  ii.  477,  479. 

Galle  and  the  discovery  of  Neptune,  i. 

Galois,  Evariste,  Theory  of  Equations, 
ii.  686  ;  his  life  and  works,  ib. :  his 
letter  to  Chevalier,  ih.  ;  and  theory 
of  groups,  687  ;  692. 

Galton,  Francis,  on  heredity,  ii.  574, 
612  ;  on  variation,  609 ;  his  works, 
ih. ;  combines  Quetelet  and  Darwin, 
ih. ;  on  statistical  treatment,  612 ; 
on  pangenesis,  614;  forestalls  Weis- 


mann,  %h. ;  on  "particulate"  inheri- 
tance, 615  ;    on  law  of  distribution 
617  ;  on  law  of  regression,  618.  ' 

Galvani,  discoveries  of,  i.  363,  ii.  150  • 
galvanic  current,   233;   animal  elec- 
tricity, 474. 
"Gamma"  function,  ii.  696. 
Garnett,  R.,  on  Georg  Forster,   i    52  • 
179.  ' 

Garnett,   W.,  and  Campbell,    'Life  of 

Clerk-Maxwell,'  ii.  599. 
Gartner,  investigations  of,  ii.  415. 
Gases,    liquefaction    of,     i.     316;    the 
kinetic    theory   of,    425,    ii.    34-    i 
433. 
Gaskell,  Dr,  cerebro-spinal  nerves,  ii. 
429;   analysis  of  process  of  "meta- 
bolism," 442. 
Gassendi    taught    at    the    College    de 

France,  i.  Iu7  ;  385. 
Gassiot,     experiments     with     vacuum 
tubes,  ii.  190. 

Gatterer    of   Gottingen    University,   i. 

165. 
Gauss,   Carl   Fr.,   i.   44,   45;    orbit  of 
Ceres,  54  ;  works  of,  82  ;  and  Weber 
the   telegraph,    92,   367;    '  Disquisi- 
tiones  Arithmeticae,'  105,  120,  ii.  682  ; 
Lobatchevski  and  Bolyai,  i.  161  ;  and 
Humboldt,    167;    and    Zach,   'l77; 
178 ;   mathematical  researches,   181 ' 
182;    least  squares,   183;    184,    185,' 
188,189,  191,200,  207,  211;  ''exact 
habit  of  thought,"  222 ;  231,  238,  247  ; 
measurement  of  magnetic  action,  265  ; 
303;    absolute    measurements,    309, 
369 ;  astronomical  work  of,  314,  331  • 
measurements     of,     322;     'Theoria 
motus    corporum     coelestium,'    324  ; 
calculus  of  probabilities,  325 ;  352  • 
Coulomb's  methods,  360,  362  ;  365 ; 
importance  of  his  work,  384  ;  "Top- 
ologie,"  ii.  63;   researches  into  elec- 
trical phenomena,   67;    76;   electro- 
magnetic measurements,  78 ;   system 
of  absolute  measurements,  117  ;  arith- 
metical discoveries  of,  124  ;  influences 
Helmholtz,    150;    197,    254;    science 
of  chances,  568  ;  theory  of  error,  574  ; 
o75  ;   method  of  least  squares,  576  ; 
doctnne  of  probabilities,  577  ;  law  of 
"^or,  616;   and   Newton  compared, 
o30;     rediscovery     of     Ceres,     ih.  ,- 
pioneer  of  modern  mathematics,  636 ; 
Bessel  on,  ih.  ;  his  style  criticised  by 
Abel,    637;    640;    his    fundamental 
theorem,  644,  688  ;   on  convergency, 
«;q  '  *        ^°^^  °°  h-igher  functions, 
048  et  seq. .-    on  fundamentals,  652 ; 


aiVnfh  '""''p?!!  ^°^>'^^'  Lobatchevski, 
and  others,  652 ;  anticipates  the  work 

M  ,  on  extended  system  of  numbers 

etsiJ^T  '^'V\''  ^^"-'^^^«^  ^^ 
fiSfi  fco  irU  °l^>terminauts,  682; 
686,  b:.8,  693,  695,  697,  698  ;  on  con 
formal  images,  701 ;  on  non-Euclidean 
geometry,    710.     713;     measure    of 

ences,  7z^  ;  on  mathematical  calculi, 
Lil '  °^,  bi-quadratic  residues,  725  ' 
/^J ;  not  a  great  teacher,  646,  743 
Gauss  and  Gerling,  ii  713  ' 

Gauss  and  Schumacher,  correspondence, 

Gaus_s  and    Weber,    telegraph,    i.    92, 

^36/  ;  school  of,  ii.  702. 
Gay-Lussac,  Memoirs  of,  i.  83  •    '  An 

IRq'  ^on^^^'"'^'  "^  ^^  Physique,' 
lay,  190;  organic  analysis,  ib.  ■ 
cHemical  discoveries,  398,  407-  ex 
periments,  425;  426-429;  Fresnel's 
Memoire  sur  la  Difi-raction,'  ii.  25  • 
visit  to  England,  27  ;  experiment  in 
heat  measurement,  109  ;  154,  592 
Geddes  and  Thomson,  'The  Evolu- 
tion of  Sex,'  ii.  227,  455,  458,  459- 
ff^'^^jjf^^ction,  344;  "Reproduc- 
tion,   348. 

Gegenbaur,    school    of   Darwinism    in 

Germany,  ii.  436. 
Gehlen,     '  Allgemeines     Journal     fiir 

Chemie,'  i.  41. 
Geikie,  Sir  Archd.,  quoted  on  Play  fair's 

'Huttonian  Theory  of  the  Earth,'  i. 

283;    G.   Wilson   and,    'Memoir    of 

E.  Forbes,' 288. 
Geissler,   fellow-worker  with    Pliicker, 

ii.    76 ;    electrical    researches,    189 ; 

vacuum  tubes,  190. 
Geitel  (see  Elster),  ii.  190. 
Generalisation,   process  of,    in    mathe- 
matics, ii.  638 ;  650. 

Generalised   co-ordinates,    Pliicker    ii 
673. 

'' Genesis,"  ii.  279. 

Genetic  view  of  nature,  ii.  276,  290  ; 
in  Germany  and  France,  321 ;  triumph 
of,  328;  on  a  large  scale,  345; 
strengthened  by  physics  and  chem- 
istry, 355. 

Genetics,  ii.  213. 

Genius,  latent  thought  the  material  of. 
i.  8. 

'Gentleman's  Magazine,'  ii.  679. 

Geography,  historical,  i.  294. 

Geological  Society,  i.  290. 

Geology,  ii.  290. 
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Geometrical  axioms,  i.  199,  352  ;  ii.  649, 
et  seq. 

Geometry,  deficiency  of  organisation 
of  research  in  England,  i.  243 ;  two 
schools  of,  ii.  668. 

Geophysics,  ii.  363. 

George,  Duke  of  Saxony,  reconstituted 
University  of  Leipzig,  i.  159. 

(xergonne,  ii.  660;  Hankel  on,  666; 
673. 

Gerhardt,  C.  F.,  revives  Prout's  hypoth- 
esis, i.  402  ;  attack  on  electro-chemical 
theory,  409;  ''type"  theory,  411; 
413  ;  on  the  constitution  of  substances, 
419  ;  "  types,"  423  ;  Gmelin's  system 
of  equivalents,  426 ;  characteristic  of 
hydrogen  atoms,  430. 

Gerhardt,  C.  J.,  on  the  invention  of  the 
calculus,  i.  101 ;  edited  Leibniz,  *  Phil- 
osophische  Schriften,'  ii.  5. 

Germ  plasma  and  body  plasma,  ii.  457, 
458  ;  plasma,  differentiation  of,  459. 

German  Association,  character  and  de- 
cline of,  i.  238. 

German  language,  peculiarity  of,  i.  22. 

German  universities,  i.  226. 

Germany  leads  in  the  history  of  thought, 
i.  46. 

Gerviuus  on  Herder,  i.  51 ;  connection 
of  political  and  literary  history,  59  ; 
*Georg  Forster's  Werke,'  179;  rela- 
tions of  philosophy  and  history,  206  ; 
"theoretical  politician,"  311. 

Gesner  of  Gottingen  University,  i.  165. 

*•  Gewerbescbulen,"  i.  166. 

Gibbon,  i.  47  ;  '  Roman  Empire,'  169  ; 
influence  of,  on  German  thought  and 
literature,  212  ;  in  German  univer- 
sities, 251. 

Gibbs,  J.  Willard,  energetics,  ii.  166, 
171;  "free  energy,"  173;  chemical 
equilibrium,  175,  177 ;  formulae  of, 
185 ;  on  directional  calculus,  655  ; 
656. 

Gibson,  George  A.,  "Fourier's  series," 
i.  241. 

Giese,  vacuum  -  tube  experiments,  ii. 
190. 

Gilbert,  Sir  J.  H.,  agricultural  experi- 
ments and  publications  of,  i.  285. 

Gilbert,  VVm.,  Bacon's  indebtedness  to, 
i.  94. 

Glaciers,  Helmholtz's  theory  of,  ii.  127. 

Glaisher,  Prof.,  quoted  on  invention  of 
logarithms,  i.  269  ;  321  ;  law  of  error, 
ii.  576. 

Glazebrook,  Prof.,  'Report  on  Optical 
Theories,'  ii.  54;  Lord  Kelvin's 
theory  of  ether,  55;    'James  Clerk- 


Maxwell  and  Modem  Physics,'  77; 
indefiniteness  of  Maxwell's  electro- 
magnetic theory,  94. 

Gmelin,  Chr.,  chemist,  i.  188;  hand- 
book of  chemistry,  208. 

Gmelin,  Leopold,  *  Handbuch  der 
Chemie,'  i.  43,  ii.  158 ;  system  of 
equivalents  of,  i.  426,  430. 

Goebel,  Prof.,  on  biology,  ii.  313. 

Goethe  quoted  on  history,  i.  7 ;  quoted 
on  the  success  of  the  few,  9  ;  made 
modern  German  language,  22  ;  atti- 
tude of,  to  national  ide^ism  of  Ger- 
many, 39  ;  style  of,  51 ;  his  work, 
61  ;  influence  of,  on  taste,  67 ; 
•Faust,'  76;  school  of,  84;  Lewes's 
Life  of,  166  ;  179  ;  as  a  scientist,  180 ; 
influenced  by  the  Natur-philosnphie, 
207;  212;  introduced  hexameter  into 
German  poetry,  213  ;  quoted,  251,  286, 
ii.  3,  254,  258 ;  educational  signifi- 
eance  of  his  writings,  i.  258  ;  261 ; 
correspondence  of,  279 ;  on  Luke 
Howard,  286 ;  introduction  of  the 
term  morphology,  ii.  21 2  ;  213 ; 
theory  of  metamorphosis,  223,  243,' 
267  ;  influence  of,  225  ;  theories  of, 
246  ;  influence  of  Linn£eus,  252  ;  253  ; 
the  genetic  view,  317,  321  ;  subjective 
colour  sensations,  482;  foundations 
of  the  study  of  language,  538. 

Goldstein,  vacuum-tube  experiments, 
ii.  190;  "ether"  theory  of  cathode 
rays,  192. 

Goltz,  experiments  on  the  brain,  ii. 
478  ;  479. 

Goodsir,  cell  theory,  ii.  265. 

Gordon,  Lewis,  Carnot's  'Puissance 
Motrice,'  ii.  118. 

Gottingen,  prize  essays  on  principles  of 
dynamics,  ii.  97. 

'Gottinger  Gelehrte  Anzeigen'  of 
Haller,  i.  176. 

Gough,  John,  the  blind  naturalist,  i. 
287. 

Gourand  quoted,  ii.  571. 

Grsevius,  recognition  of  Bentley,  i.  169. 

Graff,  Prof.  L.  von,  on  Haeckel's 
'  Stammbaume,'  ii.  337. 

Graham,  Thomas,  chemistry,  i.  44 ; 
salts  and  acids,  410 ;  experimental 
work  of,  ii.  161  ;  164 ;  discoveries  of, 
224. 

Grandi,  series  of,  ii.  646. 

Grant,  Sir  A.,  '  Story  of  the  University 
of  Edinburgh,'  i.  160,  232,  267,  269, 
283;  on  David  Gregory,  270;  on 
Bell,  293. 

Grant,  Prof.,  natural  selection,  ii.  330. 
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Grassmann,  Hermann,  geometry  i  44  • 
geometrical  labours  of,  neglected  in 
Germany,  243,  247;  'Ausdehnungs 
if  ^?'  7^  '«4n  "^^thematical  labours 
f'p  •  '^''af^'  Hankel  on  his  science 
of  forms,  640  et  seq.  ;  his  comprehen- 
sive  calculus,  655 ;  gradual  apprecia- 
tion  of  his  work,  Q5Q  ;  710. 

Graunt,  John,  statistics,  i.  122  •  "  Tablps 
of  Mortality,"  ii.  564!  '  ^' 

Graves,  R.  P.,  ^  Life  of  Sir  W.  R. 
Hamilton     quoted,  i.   106,   289;    ii. 

Gravitation,  formula  of,  i.  319  ;  lines  of 
thought  emanating  from  it,  321  •  not 
5?^.""/™ate  property  of  matter,  338  • 
difficulty  of  measuring  directly,  353. 

Gray  (the  poet),  i.  285. 

^?89  '^''°^^'^  °''   ^^""^^   Robertson,   i. 

^lli'^iii  ''"*'^^'°'  °^  'Vestiges,'  ii. 

Greard,  educationalist,  i.  260. 

Green,  George,  important  generalisation 

in  statics  and  dynamics,  i.  230  •  his 

potential  function,"  231  ;  246,  '272 

661  ;    important    papers    lost,    277  ' 

properties  of  ether,   ii.   31,   33  ;   in- 

nfi.w  ^?  .^^'''^y'    ^^5    analytical 
method  of,  45  ;  referred  to,  54  ;  theory 

-i  .  «oq"^  ^"^  magnetic  phenomena, 

Gregoire  proposed  Bureau  des  Longi- 
tudes,  i.  113. 

Gregory,  David,  introduced  Newtonian 
philosophy  into  the  University  of 
Edinburgh,  i.  232  ;  Professor  of  Astro- 
nomy,  Oxford,  270, 272 ;  astronomical 
instruments,  322. 

Gregory,  F.,  Hankel  on,  ii.  712. 

trren s  'Journal  der  Physik,'  i.  41 

^^.®^^' ^ehemiah,  used  the  term  "'cell," 
1.  195 ;  microscopic  investigations  in 
biology,  283;  embryological  re- 
searches ii.  227  ;  microscopical 
studies,  260  ;  observations  of,  261 

Gnesbach  "Animal  and  Plant  Geo- 
graphy,"  ii.  226. 

Griesmger,  Mayer's  "right  of  priority," 

Grimaldi,  polarisation  of  light,  ii.  18 
Grimm,  Jacob,  'Ueber  Schule,  Univer- 
640  5^2       ™'^''  '*  ^^^  '  language,  ii. 
^?  443  ^^y^^^^l^s^^^  Krystallographie,' 

^^^"Ps>  theory  of,  ii.  632,  686,  687; 
Burkhardt  on,  688;  689  et  seq.; 
continuous  and  discontinuous,  691 


^TlU  ^?.7l^«°,^of  Physical  Forces," 

^"•J-^1;      force,"  125,  130. 

Gruber.   Ersch  and.  Encyclopedia  of, 

tea'c'h'ingT8''''^"^^  ''  encyclopedic 
Guerry,  A.  M.,  statistics,  ii.  579. 

Guizot,  education,  law  of,  i.  183,  257. 
Guldberg,  law  of  mass-action,    i    157  • 

ideas  of  Berthollet,  177  ' 

Guyton  de  Morveau,  i.  1*16,  131  ;  gun- 

powder,  iron,  steel,  148. 
Gyroscope  and  gyrostat  invented,  ii.  61. 


Haacke,  ii.  271. 

H^ck^r.  Dr  Val.,  'Praxis  und  Theorie 

26",'3lor3n'r4f"^''^^^^^^'^^''"- 
Haeckel     Ernst     i.    179  ;     '  Generelle 
Morphologic  der  Organischen  Wesen,' 
"•  2^\?i^3  271,  349;  Goethe's 
deas,  244,  246  ;   "  Ontogenesis  "  and 
Phylogenesis,"    307;     '  Naturliche 
bchopfungs  -  Geschichte,'    313     323  • 
'History  of  Creation,'  332  ; 'genea- 
logical trees,  337 ;    sexual  selection, 
343 ;  34/  ;  evolution,  348,  455 ;  Dar' 
wm  and  Lamarck,   350  ;    351,  361  • 
conception    of    universal    animation! 
369  ;  biological  theories  of,  371  •  414  • 
school   of  Darwinism   in    Germany! 
436;  "germinal"  element,  457;  and 
Weismaun,  460;  and  Herder's  evolu- 
tionism, 533  ;  man  and  brute,  541  • 
546,  608  ;  kinetic  hypothesis,  611.      ' 

Haeser,  'Geschichte  der  Medicin.'  i. 
126,  308,  ii.  388,  390,  401  ;  on 
homoeopathy,  i.  210  ;   on  Kant,  219. 

Hahn,  "Cuvier"  in  'Grande  Encyclo- 
pedie,'  i.  130.  ^ 

Hahnemann's  homoeopathy,  i.  210. 

Hales,  improvements  in  microscopy,  ii. 

£i6\J, 

Hall,  Marshall,  ii.  519. 

Halle,  University  of,  i.  165. 

Haller,  Albrecht  von.  i.  163  ;  of  Gottiu- 
gen  University,  165  ;  connection  of, 
with  modern  science,  175  ;  '  Gottinger 
Gelehrte  Anzeigen,'  176  ;  '  Ele- 
meuta,'  193;  194;  zoological  labours 
of,  ii.  220,  230  ;  study  of  separate 
organs,  233;  "evolutionist,"  278- 
279  ;  epigenesis,  298  ;  299,  308  ;  vital-' 
istic  conceptions,  384  ;  discovery  of  ir- 
ritability, 429 ;  psycho-physical  view, 
471 ;  influences  Herder,  532  ;  533. 
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Halle V,  Edmund,  "  reciprocal  dupli- 
cate' "  ratio,  i.  98 ;  270 ;  Newtou's 
'Principia,'  283;  orbits  of  comets, 
324  ;  calculates  return  of  comet,  327  ; 
Newton  to,  342  ;  pendulum  experi- 
ments of,  354  ;  statistician,  ii.  565. 

Halsted,  G.  B.,  on  non  -  Euclidean 
geometry,  ii.  652  ;  714. 

Hamann,  Johann  Georg,  ii.  535,  536. 

Hamilton,  Sir  W.,  '  Discu.^sions,'  i.  203 
'Dngald     Stewart's     Works,'    359 
"  Philosophy  of  the  Unconditioned,' 
ii.  326. 

Hamilton,  Sir  W.  R.,  used  the  notation 
of  Newton,  i.  101  ;  Life  of,  quoted 
from,  106  ;  paper  on  caustics,  230  ; 
important  generalisation  in  statics 
and  dynamics,  231 ;  Dublin  Mathe- 
matical School,  274  ;  originality  of, 
ib.  ;  "characteristic  function,"  316; 
theory  of  optical  phenomena,  ii.  13, 
42 ;  mathematical  labours  of,  73 ; 
dynamics,  138  ;  195  ;  his  quaternions, 
654  ;  656,  709  ;  introduces  term 
"  associative,"  711  ;   722. 

Hank,  Theodore,  suggested  idea  of  the 
Royal  Society,  i.  227. 

Hankel,  Hermann,  generalising  aspects 
of  the  sciences,  i.  46 ;  quoted  on 
the  establishment  of  analysis  as  a 
science,  103  ;  *  Die  Entwickelung  der 
Mathematik,'  175  ;  *  Theorie  der  com- 
plexen  Zahlensysteme,'  185  ;  ii.  710  ; 
*  Die  Elemente  der  Projectivischen 
Geometrie,'  i.  188  ;  ii.  632  ;  on  the 
two  processes  of  algebra,  640 ;  on 
Grassmann,  ib.,  656  ;  on  Peacock 
and  de  Morgan,  641  ;  on  Gauss's 
theorem,  645 ;  on  imaginaries,  653, 
664  ;  Poncelet's  principle,  661  ;  on 
Gergonne's  principle  of  duality,  666  ; 
on  Steiner,  668  ;  compares  von 
Staudt  with  Chasles,  669  :  on  Mobius, 
682  ;  on  fundamentals,  703  et  seq.  ; 
on  English  mathematics,  704,  711  ; 
on  oscillating  functions,  706 ;  on 
Bolzano  and  Cauchy,  709  ;  principles 
of  arithmetic,  711 ;  on  principle  of 
permanence,  712 ;  on  quaternions, 
i6.,717:  726. 

Hanle's  '  Magazin,'  i.  43. 

Hanselmann,  '  K.  F.  Gauss,*  i.  181. 

Hansen,  lunar  theory,  i.  329. 

Harcourt,  Vernon,  i.  236. 

Harding,  discovery  of  planets,  i.  182. 

Harkness  and  Morley,  theory  of 
functions,  ii.  704. 

Harmonic  functions,  ii.  696. 

Harriot,  a  forerunner  of  Bacon,  i.  94. 


Harris,  James,  language,  ii.  536. 

Harris,  Snow,  referred  to  by  Faraday, 
ii.  69. 

Harrison,  received  prize  of  Board  of 
Longitude  for  his  chronometers,  i. 
158  ;  astronomical  instruments,  322. 

Hart,  J.  M.,  testimony  to  work  of 
German  universities,  i.  225. 

Hartmann,  ii.  470,  608. 

Hartnack  and  Nachet,  improvement  in 
immersion  system,  ii.  228. 

Harvey,  contemporary  with  Bacon,  i. 
94 ;  discovery  of  the  circulation  ot 
the  blood,  193  ;  272  ;  contributions 
to  biology,  282  ;  292  ;  study  of  sep- 
arate organs,  ii.  233  ;  **  metamor- 
phosis," 278;  embryology,  297  ;  349, 
444. 

Hatchett,  not  member  of  any  univer- 
sity, i.  238. 

Haukesbee,  Francis,  capillary  phenom- 
ena, i.  346 ;  experiments  of,  355,  356. 

Hauptmann,  C,  'Die  Metaphysik  in 
der  modernen  Phvsiologie,'  ii.  401, 
438  ;  quoted,  407,  444. 

Hausser,  L.,  i.  59. 

Haliy,  Abbe,  physics  at  the  Ecole  nor- 
male,  i.  112  ;  crystallography  of, 
116,  117  ;  services  of,  to  mineralogy, 
118;  136;  created  the  science  of 
crystallography,  441  ;  labours  of,  ii. 
222 ;  founder  of  crystallography, 
240  ;  241  ;  crystallography,  264  ; 
building  up  of  crystals,  270. 

Hayra,  Rudolf,  '  Leben  W.  v.  Huni- 
boldts,'  i.  38  ;  chief  authority  on 
Herder,  51  ;  biographies  of  Hegel 
and  others,  279  ;  *  Herder  nacli 
seinem  Leben  und  seinen  Werkeu,' 
ii.  531,  533,  537. 

Hay  ward,  algebra  of  '  Coplanar  Vec- 
tors,' ii.  656. 

Heat,  Tyndall's  dynamical  theory  of, 
ii.  57  ;  dynamical  theory  of,  73 ; 
Black,  Rumford,  and  Davy,  102  ;  the 
non-mechicanical  nature  of  heat-phen- 
omena, 120  et  seq.  ;  and  perpetual 
motion,  126  et  seq.  ;  of  the  sun,  357. 

Heaviside,  Oliver,  popularisation  of 
Maxwell's  electro  -  magnetic  theory, 
ii.  72  ;  193  ;  his  directional  calculus, 
655,  656. 

Hecker,  J.  J.,  established  "Realschule" 
at  Berlin,  i.  166. 

Heeren  of  Gottingen  University,  i.  165  ; 
and  Ukert,  collections  of  Histories  of 
all  countries,  167. 

Hegel,  G.  W.  F.,  on  the  province  of 
philosophy,    i.    36 ;   treated    science 
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from  a  metaphysical  standpoint,  43  • 
philosophy  of,  influenced  by  Herder,' 
51  ;  ridiculed  search  for  new  planets' 
54;   on    status    of   philosophy,    60 ' 
his  definition  of  philosophy,  61  ;  re- 
lation of  philosophy  to  religion,' 73  • 
•  Phanomenologie    des    Geistes,'    83; 
spontaneous  development  of  thought' 
85 ;     ♦  Geschichte    der    Philosophic,' 
145  ;   162 ;   speculative  tendency  of 
178  ;  philosophy  of,  204,  ii.  279,  346' 
500;  i.   207,  208;   encyclopedic  lec- 
tures on   philosophy,   215;   benefac- 
tions   to    historical    sciences,     215; 
Schelling's  scheme   of  evolution,   ii' 
354  ;  495  ;  dialectics,  530  ;  608,  751. 
Hegelianism,  failure  of,  i.  72. 
Heidenhain,   Prof.,  function  of  dand- 

cells,  ii.  429. 
Heine,  E.,  ii.  704,  733. 
Helm,  Dr  Georg,  'Die  Lehre  von  der 
Energie,'  ii.  97,  142,  185,  186;  'Die 
Energetik  nach  ihrer  geschichtlichen 
Entwickelung,'  97,  106,  108-111,  125, 
127,  133,  138 ;  controversies  as  to 
priority  of  discovery  in  theory  of 
energy,  97,  98  ;  influence  of  Poncelet 
on  practical  mechanics,  101 ;  heat 
unit,  109;  labours  of  Horstmann, 
1/0;  methods  of  W.  Gibbs,  171; 
criticism  of  mechanical  view,  183; 
188. 

Helmholtz,    metaphysical    foundations 
of  geometry    and    dynamics,   i.   45; 
'  Redeu '  quoted,  175  ;  on  speculative 
tendency  in  science,  179  ;  on  Goethe 
as  a  naturalist,  180 ;  *  Vortriige,'  193  ; 
198,   199 ;  doctrine  of  the  conserva- 
tion of  energy,  201 ;  on  the  relations 
of   mathematical    and    experimental 
science,      205 ;       '  Wisseuschaftliche 
Abhandlungen,'   ib.  ;  *  Vortriige  und 
Reden'    quoted,    209;     '  Ueber    das 
Denken  m  der  Medicin,'  210  ;  revival 
of  doctrine  of  conservation  of  force 
218;  on  Kant,  219;  220;   'Journal 
fur    Mathematik,'     231  ;      Fourier's 
series,  241 ;  "sense  perceptions,"  243  ; 
on  Young,  244 ;  '  Ueber  die  Erhaltung 
der  Kraft,'  265,  309;  on   Faraday's 
ifleas,  266  ;    vortex   motion,   313,  ii. 
o-i^    o'  ^^  *^^  gravitation  theory,  i. 


3o2;  375;  objection  against  Weber's 
law,  3/6,  377  ;  "action  at  a  distance," 
«580  ;  on  the  electro-chemical  theory, 
400 ;  investigations  of  fluid  motion, 
n.  58 ;  articles  on  acoustics,  ib.  ; 
vortex  filaments,"  61 ;  influence  of 
nis  speculations  in  England,  62  ;  illus- 


trations of  his  theories,  63  ;  suggested 
vortex-atom    theory,    66;'  'Faraday 

of  F     r  ^"1"°^'^'  '^■'  ^^^Pted  views 
pLf  """f  'm  scientists,  93  ;  independ- 
ence of    Mayer's    writings,    97 ;   his 
work  theoretical,  99;  "physical  me! 
chanics,"  101  ;  scientific  services  of. 
106;  memoirs  refused  byPoggendorf 
10/  ;    classical  character  of   his    in- 
vestigations into  the  nature  of  heat, 
iio'  ,  >esammelte    Abhandlungen,' 
113 ;  his  recognition  of  the  claims  of 
Mayer,  114;  117;  and  Sadi  Carnot, 
i^6\  perpetual  motion,  124;  conser- 
vation of  energy,  125,  127,  130,  142, 
438  ;  "death"  of  the  universe,  131 ' 
mathematical  treatment  of  power  and 
work,   137 ;    on  tension,   138  ;    141  • 
energetics,    148;    electro  -  dynamics,' 
I4y ;  theories  of  electro-dynamic  phen- 
omena, 152 ;  Faraday  Lecture,  154  : 
dissociation,   163;  thermal  measure- 
ments,   172;    "free    energv,"    173- 
chemical  equilibrium,  175  \    quoted,' 
182  ;  atomic  view,  189  ;  atom  of  elec- 
tricity, 193  ;  memoir  of,   195  ;  ether 
theory,  196  ;  imperfections  of  the  eye 
as  an  optical  instrument.  215  ;  micro- 
scopic work,  229  ;  Goethe's  theory  of 
colours,    245 ;    Kant's    theory,  282  ; 
appreciation  of  Kant,  284 ;  "  energy," 
355  ;    physical    laws,   356  ;    cosndcal 
origin  of  life,  369  ;  on  vitalism,  388  ; 
391;     'Physiological    Optics,'    397, 
480,  508;  'Physiological  Acoustics,' 
397  ;    nature  of   living  forces,    398  ; 
403,   421,    467  ;    animal    magnetism, 
476;  quoted  on  "specific  energies," 
482 ;  optics,  483.  506  ;  psvcho-physi- 
cal    science,    485;    "Timbre,"  488; 
arrangement  of  tones,  490 ;  and  Kant, 
491  ;    psycho  -  physical    phenomena, 
496  ;  space  perception,  504  ;  "  Ueber 
das  Sehen  des  Menschen,"  506  ;  hear- 
ing and  seeing,  512;  language,  538  ; 
on  harmonics,  623  ;   on  foundations 
of  geometry,  710  ;  letter  to  Schering, 
lb. ;    on    axioms  of  geometry,  711  ; 
and  Rieraann  on  geometry,  713. 
Helvetius,  ignorance  of  physiology,  ii. 

471. 
Henle,  Jacob,  reconstruction  of  "gen- 
eral anatomy,"  i.   195;  198;  anthro- 
pological lectures  of,  215;  mechanical 
views  in  biology  of,  219  ;  on  demon- 
stration   of    Bell's    doctrine,     293; 
'Allgemeine  Anatomic,'  ii.  401. 
Henrici,  ii.  656. 
Henry,  Dr,  not  member  of  any  univer- 
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sity,  i.  239  ;  '  Life  of  Dalton,'  246  ; 
on  Charles  Bell,  292. 
Heraclitus  of  Ephesus,  i.  314 ;  the 
"kinetic  theory,"  385  ;  conception  of 
eternal  motion,  ii.  3  ;  conception  of 
changing  world-periods,  286. 
Herapath,     "mechanical      theorv     of 

gases,"  i.  310  ;  434. 
Herbart  repudiated  by  Lotze,  i.  49  ; 
208 ;  educational  influence  of,  in 
Germany,  257  ;  phrenology,  ii.  478  ; 
anticipated  Helniboltz,  491 ;  influ- 
ence of  his  philosophy,  494 ;  on 
"faculty-psychology,"  495;  psycho- 
logical research,  496  ;  mathematical 
psychology,  498 ;  500 ;  psychical 
mechanism  of,  .504 ;  space  percep- 
tion, 506  ;  507,  512,  515  ;  introspec- 
tive method,  527  ;  "  V^olkerpsych- 
ologie"  and  "  Sprachwissenschaft, " 
530. 
Herbert,   Dean,   natural    selection,    ii, 

330. 
Herder,   i.   50  ;  History  of  Humanity, 
51;    'Ideen,'  53;    'Metakritik,'  83; 
indebtedness  to  Gibbon,   169;   171; 
cited  on  Georg  Forster,   179  ;  scien- 
tific ideal  of,  211  ;  212  ;  Alcaic  and 
Sapphic    metres,     213 ;    educational 
influence  of,  in  Germany,  257  ;  258  ; 
scientific  work  of,  ii.  210 ;  inlluence 
of,  225  ;   280  ;    philosophy  of.  346  ; 
psycho-physical  view  of  nature,  531  ; 
quoted,  533;  'History  of  Mankind,' 
534  ;  538,  563. 
Hereiiity,  problem  of,  ii.  343,  613. 
Hering,  ii.   442  ;  '  Ueber  das  Gedacht- 
niss  als  eine  allgemeiue  Funktion  der 
oi^anischen  Materie,'  544. 
Hermann,   Gottfried,    indebtedness    to 
Bentley,   i.    169 ;   162,   172  ;   science 
for    its    own   sake,    211 ;    212,   214  ; 
classical  learning  of,  222. 
Herniann,    Jac,    Leibniz's    letter    to, 

quoted,  ii.  646. 
Hermite,   researches   of,   ii.   124  ;  649  : 
on  determinants,  683  ;  on  transcend- 
ent numbers,  731. 
Herodotus  referred  to  on   division  of 

History  into  centuries,  i.  13  ;  296. 
Herrmann,  Cr.,  quoted,  ii.  266. 
Herschel,  Caroline,  discovers  her  eight 

comets,  i.  229  ;  285. 
Herschel,  Sir  John,  i.  177  :  quoted  on 
Laplace,  123  ;  astronomical  work  of, 
230 :  introduction  of  knowledge  of 
Continental  mathematics  to  Cam- 
bridge by,  233  ;  science  in  England, 
234 ;     236 ;    and     Airy,    article    in 


'Encyclopaedia  Metropolitana, '  236; 
quoted  on  Fresnel,  241 ;  educational 
movement    promoted    by,    261  ;    *  A 
Preliminary  Discourse  on  the  Study 
of    Natural    Philosophy,'   263,    306; 
founded     Analytical    Society,    271 ; 
spectrum    analysis,   278 ;    stands  on 
Bacon's      philosophy,      307  ;      376 ; 
phenomenon  of  fluorescence  observed 
by,   ii.    52 ;    criticism    of   the    term 
"potential  energy,"  140;  295;    'In- 
troduction to  the  Study  of  Natural 
Philosophy,'  32S  ;  experiments  at  the 
Cape,  357;  "sound,"  488;  theory  of 
probabilities,  569  ;  606. 
Herschel,  Sir  William,  'On  the  Proper 
Motion  of  the  Sun  and  Solar  System,' 
i.   176  :   astronomical  discoveries  of, 
229  ;  238,  285  ;  discovery  of  Uranus, 
324;    'Observations  of  Nebulae,'   ii, 
283  ;  nebular  theory,  295, 
Hertwig,    0.,    'The  CeH,'  ii.  224,  265, 
297,  370,  371,  373,  420,  427,  444,  461; 
embryological  researches,  228  ;  '  The 
Biological   Problem  of  To-day,'  298, 
459 ;     '  Zeit    und    Streitfragen    zur 
Biologic,'    401;   quoted,   409;    'The 
Cell,'  quoted,  425,  446,  448;  "idio- 
plasma,"  448;  "organicisme,"  455. 
Hertz,  H.,  electric  theory,  i.  344  ;  elec- 
trical wave-motion,  ii.  77  ;  electrical 
view    of   light,    88,    92:    "physical 
mechanics,"    101;    electro  -  magnetic 
wave-motion,  148  ;  193. 
Hess,  a  founder  of  physical  chemistry, 

ii.  152 ;  157. 
Hesse,  Otto,  his  elegant  work,  ii.  677 ; 
introduces  determinants,  682  et  seq.; 
and  invariants,  684, 
Hessel,  'Krystallometrie,' i.  443. 
Hettner,  history  of  the  idea  of  humanity, 
i.   50 ;  literary  history   of  the  eigh- 
teenth century,  59  ;  cited  on  Georg 
Forster,  179. 
Heun,    *  Jahresbericht    der    deutschen 
Mathematiker-Vereinigung,'  ii,  101. 
Heussler,  Hans,  on  Bacon,  i,  94, 
Heyne  of  Gottingen  University,  i.  165  ; 

indebtedness  to  Bentley,  169. 
Hicks,  '  Report  on  Hydrodynamics,'  ii. 
58  ;    contribution  to  vortex  theory, 
63. 
Higgins,  theory  of,  i.  398. 
Hilbert  on  algebraic  numbers,  ii.  729. 
Hildebrand,  Bruno,  statistics,  ii.  561. 
Hillebrand,  Karl,  'Zeiten,  Volker,  und 

Menschen,'  quoted,  i.  311. 
Hippeau,  C,  'Public  Education  during 
the  Revolution  in  France,*  quoted,  i. 


108 ;  109  ;  quotes  Condorcet,  111  ; 
'  L'Instruction  publique  en  France 
pendant  la  Revolution,'  259, 

Hippocrates,  ii.  470. 

Him,  the  steam-engine,  i.  331,  ii,  133  • 
indestructibility  of  force,  111;  con- 
troversy with  Zeuner,  135  ;  179. 

Hirsch,  Dr  A,,  'Gesch.  d,  medicinischen 
Wissenschaften   in    Deutschland  '   i 
210,  ii.  390,  401. 

Hirzel,  Sal.,  i.  167. 

His,  W.,  ii.  271. 

Histology,  Huxley  on,  i.  196. 

Historians,  supposed  objectivity  of,  i. 

Historical  geography,  i.  294. 
History,  contemporary,  to  what  extent 
possible  and  valuable,  i.   6;  Goethe 
quoted  on  re-writing  of,  7;   periods 
of,   13  ;  philosophy  of,  due  to  Con- 
tinental   thinkers,    25 ;    periods    of, 
take  their    name    from    some    great 
event  or  movement,  58  ;  and  science, 
relations  of,  206, 
Hittorf,  W.,  on  attraction  in  chemical 
phenomena,   i.   380  ;    fellow  -  worker 
with    Pliicker,   ii,    76  ;    electrolysis, 
164  ;  vacuum-tube  experiments,  190. 
Hobbes,  philosophy  of,  i.  48;  'De  Cor- 
pore  '  quoted  on  Harvey,  282 ;  385,  ii. 
473. 
Hobson,  on  the  infinite,  ii.  736. 
Hoff",  Prof,  van't,  i.  431,  450 ;  '  Journal 
lur  physicalische    Chemie,'  ii.    158; 
(see    Ostwald),   159  ;    researches    of, 
164  ;  discovery  of,  165 ;  carbon  tetra- 
hedron of,  424. 
Hoffmann,  f.,  animist,  i,  126, 
Holmann,  A.  W,  von,  on  Liebig,  i.  18, 
188  ;  scientific  experiments  under,  92  ; 
chemical  researches  of,  412;  "Fara- 
day "  lecture,  ii.  391 ;  393, 
Hofmeister,  Wilhelm,  the  genetic  con- 
ception of  plant  life,  ii.  224 ;  indue- 
tive  school  of,  321. 
Hogg,  'The  Microscope,'  ii.  228. 
Holbach,    'Systeme  de  la  Nature,'  i. 
144. 

Holger,  von  (see  Baumgartner),  ii.  107. 
Holman,  Prof.  S.  W.,  'Matter,  Energy, 

Force,  and  Work,'  ii.  182, 
Holtzmann,  investigations  into  nature 

of  heat,  ii.  112;  and  Clausius,  135. 
noltzmiiller  on  isogonal  relations,   ii. 

/Ol. 

Homer,  i.  261,  296. 
Homoeopathy,  i.  210. 
Homogeneous   formulae,    ii,    681;    co- 
ordmates,  Mobius,  681. 


""^^661.^^^'^''"''''^^^^^^ 

Hooke  Dr  Robert,  "reciprocal  dupli- 
ff^\  ,.^f  tio,  L  98  ;  used  the  term 
;; cell,"  195  ;  283.  434  ;  referred  to  by 
Young,  11.  18 ;  theory  of  elasticity, 
60;  compound  microscope,  228. 

Hooker  Sir  J.  D.  (see  Darwin),  ii.  329 ; 
Darwin  to,  406. 

Hopital    Marquis  de  1',   adopted   the 
calculus,  i,  101, 

'  Horen '  of  Schiller,  i.  84. 

Horner,  '  Edinburgh  Review,'  i.  273. 

Horsley,  edition  of  "  Newton's  Works  " 
i.  355.  ' 

Horstmann,   labours  of,  ii.  170;   free 

energy,  173. 
Houel  referred    to,  ii,   653;    on    non- 

Euclidean  geometry,  714. 
Hovelacque,   Abel,    'La   Liiiguistique,' 

ii,  540. 

Howard,  Luke,  classification  of  clouds 

i.  286. 
Huber,  investigations  of,  ii.  415. 
Huggins,  Sir  William,  light,  ii.  11. 
Hugo,  Prof.,  of  Gottingen,   translated 
44th    chapter    of   Gibbon's   'Roman 
Empire,'  i.  169. 
Humboldt,  A.  von,  on  scientific  state 
of  Paris  at  the  close  of  the  eighteenth 
century,  i,  17;  '  Kosmos,' 51,  53,  ii. 
277,   285,   328,  329,  532 ;    '  Life '  by 
Bruhns,   i.  207,  253,  263  ;  travels  in 
America,   i.   83  ;   eminence  in  scien- 
tific literature  of,  105  ;  his  influence 
as  populariser  of  the  study  of  natural 
history,  106 ;  133,  155  ;  and  Gauss's 
scheme  for  a  network  of   magnetic 
observations,   167 ;    171,    175,    176  ; 
uninfluenced  by  speculative  spirit  in 
German  science,  178  ;  cited  on  Georg 
Forster,   179;    183,   190;    supported 
scientific  institutions  at  Berlin,  238  ; 
Bell's  theorem,  293  ;  founded,  with 
Oken,      "  Naturforscher  -  Versamm- 
lung, "  298  ;    and    Gay-Lussac,   425 ; 
popular  work  of,  ii.  149  ;  explorations, 
206 ;  travels,  222,  247  ;  morphology, 
225,   226 ;    252  ;    extension  of   mor- 
phological   view,    260 ;    and    Robert 
Brown,  265  ;  266 ;  influence  of,  276  ; 
293,    300;    341,    390,    467;    animal 
electricity,  475,  476 ;  514,  607. 
Humboldt,  W.   von,  creator  of  Berlin 
University,  i.  38  ;  203,  206,  212,  253, 
263 ;  comparative  philology,  ii.  538 ; 
542. 
Hume,  David,  transition  from  the  logi- 
cal   to   the    historical   view,  i,   47  ; 
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opposed  metaphysics,  75  ;  influence 
of,  on  German  thought  and  literature, 
212 ;  sceptical  philosophy  of,  replied 
to  by  Kant,  ih.  ;  and  Kant,  219  ;  in- 
tercourse with  French  thought,  '^68  ; 
influence  of,  273  ;  ii.  279  ;  and  German 
criticism,  323  ;  326 ;  psychology,  497  ; 
genetic  view,  506  ;  the  study  of 
mankind,  529  ;  quoted,  555. 

Hunter,  John,  English  medical  science, 
i.  208  ;  anatomist,  284  ;  ii.  247. 

Hunter,  John  and  William,  no  connec- 
tion with  the  English  universities,  i. 

979 

Button,  James,  a  follower  of  Boscovich, 
i.  359  ;  study  of  fossil  remains,  ii. 
225  ;  Cuvier's  "catastrophism,"  250  ; 
school  of  geologj',  291 ;  genetic  view 
in  geology,  330  ;  364  ;  and  Jameson, 
services  to  the  study  of  natural  his- 
tory, i.  283  ;  290. 

Huxley,  T.  H.,  'Lay  Sermons'  and 
other  writings,  i.  193,  201 ;   quoted, 

193,  292,  ii.  252,  256,  257,  348,  376, 
405,  448  ;    '  American  Addresses, '  i. 

194,  ii.  364 ;  on  individuality  of 
English  scientists,  i.  250 ;  *  Science 
and  Culture,'  282;  'Essay  on  Geo- 
logical Reform,'  283  ;  '  Geological 
Reform  '  quoted,  291 ;  '  Critiques  and 
Addresses,'  29S ;  'Life  of  Charles 
Darwin,'  310;  on  Whewell  and  the 
mechanical  equivalent  of  heat,  ih.  ; 
'  Scientific  Aspects  of  Positivism,' 
310 :  on  Comte,  '  Lay  Sermons '  quoted, 
ii.  37  ;  extract  from  "Lecture  on  the 
Study  of  Biology,"  217  ;  quotation 
from  'Life  of  Richard  Owen,'  222; 
Goethe's  ideas,  244,  246 ;  Cuvier's 
work,  248 ;  quoted  on  vertebral 
theory  of  the  skull,  251  :  on  Hum- 
boldt, 253;  the  term  "homology," 
259 ;  on  Cuvier  and  Oken,  260 ; 
268;  "Evolution  in  Biology,"  278, 
297,  347;  controversy  with  Kelvin, 
284;  on  Hutton,  291,  292;  and 
Von  Baer,  299,  3u2  ;  305  ;  historical 
connection  of  Lamarck's  ideas,  309  ; 
"Biology,"  313  ;  321  ;  theory  of  de- 
scent in  France  and  Germany,  322  ; 
"Agnosticism,"  326  ^  "Reception  of 
the  'Origin  of  Species,'"  327;  329; 
address  to  the  Geological  Society, 
363;  'On  Descartes,'  378;  "  vital- 
i.sm,"406;  411 ;  "  On  the  Cell  Theory," 
423  ;  histor}'  of  Biogenesis,  451  ;  the 
ubiquity  of  life,  452  ;  psycho-physi- 
cal parallelism,  519 ;  theory  of  reflex 
action,  520. 


Huygens,  Chr.,  variation  of  gravity  in 
difl"erent  latitudes,  i.  99  ;  103  ; '  the 
theory  of  probabilities,  120  ;  mechan- 
ical laws  established  by,  317  ;  New- 
ton and,  ih.  ;  formulae  of,  335  ; 
mechanical  explanation  of  gravita- 
tion, 343,  351  :  phenomena  of  gravi- 
tation, 353 ;  389  ;  kinetic  view  of 
nature,  ii.  7  ;  8  ;  followed  by  Young, 
9  ;  the  theory  of  light,  13,  14,  if; 
periodic  wave-motion,  21  ;  'Traite  de 
la  Lumiere,'  22  ;  motion  of  light,  42  ; 
conservation  of  energy,  99,  100 ;  on 
probability,  565,  568. 

Hyatt,  A.,  neo-Lamarckian,  ii.  351. 

Ideal  elements,  ii.  664  ;  Poncelet  on, 
674';  numbers,  727  ;  Rummer's,  728. 

Ideals  of  life  during  nineteenth  cen- 
tury, i.  32. 

Ideas,  migration  of,  i.  29. 

Ideologues,  Napoleon  and  the,  i.  152  ; 
ii.  323. 

Imaginary,  the,  Cayley  on,  ii.  716. 

'  Index  Lectionum  '  of  Gottingen  Uni- 
versity, i.  165. 

Individualism  of  English  character,  i. 
279. 

Individuality  the  centre  of  interest  of 
the  sciences,  i.  125  ;  ii.  746. 

Individuation,  ii.  415. 

Inductive  reasoning  in  England,  i.  103. 

Infinite,  the,  ii.  643,  735  ;  Hobson  on, 
736. 

Infinitesimal  metheds,  necessity  of  de- 
veloping, i.  373. 

Infinitesimals,  method  of,  ii.  706. 

Inheritance,  particulate,  ii,  615. 

Inquiry,  scientific  method  of,  i.  30. 

Institute,  French,  reports  of,  i.  149. 

Institution,  Royal,  i.  264. 

Interests,  human,  unity  of,  i.  33. 

Introspective  method,  ii.  527. 

"  Invariants,"  doctrine  of,  ii.  140,  ^]^\ 
MacMahou  on,  676  ;  history  of,  677 ; 
unknown  to  Plucker,  677  ;  Sylvester 
on,  684  ;  different  methods  in,  ih. 

Inventions,  accidental,  in  sixteenth, 
seventeenth,  and  eighteenth  centuries, 
i.  91. 

Inverse  operations,  ii.  639,  727. 

"Ions,  migration  of,"  ii.  164  ;  198. 

Ireland,  Alexander,  on  authorship  of 
the  '  Vestiges,'  ii.  318. 

Irvine,  Dr,  the  term  "capacity"  first 
used  by,  ii.  102. 

Lsenkrahe,  C. ,  '  Das  Rathsel  von  der 
Schwerkraft,'  i.  341,  342,  343,  377; 
refers  to  Euler's  ether  theory,  ii-  '^• 


Isherwood,  researches  of,  ii.  135. 

Isomerism,  discovery  of,  i.  405. 

Isomorphism,  i,  444. 

Ivory,  scientific  work  of,  i.  229  ;  well 
known  among  Continental  mathema- 
ticians, 232 ;  not  member  of  any 
university,  238 ;  maintained  reputa- 
tion of  British  mathematicians,  270. 

Jacobi,  C.  G.  I.,  i.  44  ;  '  Werke,'  185  ; 
187,   189 ;    influence  on   Helmholtz, 
199  ;  200,  205,  ii.  637  ;  his  relation  to 
Legendre  and  Abel,  648  ;   on  deter- 
minants,  683,  686;    Theta  function, 
696,  728. 
Jacobi,  F.  H.,  '  Offener  Brief  an  Fichte,' 
i.  83  ;   162  ;   influenced  by  Spinoza, 
212  ;  psychology,  ii.  495. 
Jaeger,   Dr,    •'germinal"    element,   ii. 

457. 
'  Jahresberichte '  of  Berzeliu.*:,  i.  167. 
James,     Alex.,     process     of     cellular 

division,  ii.  445. 
James,    King,    Charter    to    Edinburgh 

University,  i.  268. 
Jame-s    Prof.    W. ,   '  Principles  of  Psy- 
chology,' ii.  479,  513,   519  ;  quoted, 
522,  539. 
Jameson  founded  Wernerian  Society 

i.  118;  288. 
Janiin,  speed  of  light,  ii.  45. 
Januschke,    Hans,    'Das    Princip    der 

Erhaltung  der  Energie,'  ii.  152. 
Japp,    Prof.,    "Stereo-chemistry    and 
Vitalism,"  ii.   437  ;  selective  action 
of  certain  organisms,  598. 
Jardin  des  Plantes,  i.  107. 
Jeffrey,  '  Edinburgh  Review,'  i.  273. 
Jeuner,   Edward,   no    connection   with 
the  English  universities,  i.  272  ;  284. 
Jeyon_s,  Stanley,  '  Principles  of  Science,' 
i.  37,  308  ;  on  theory  of  probabilities, 
120;  325;  Bacon's  "method  of  in- 
stances,"  ii.  558,  559  ;  '  Principles  of 
Science  '  quoted,  560,  569  ;  737. 
Joachim  of  Brandenburg,  founds  Uni- 
versity of  Konigsberg,  i.  159. 
John  Frederick,  Duke  of  Hanover,  i. 
158  ;  founds  University  of  Jena,  160. 
John  v.,  '  Gesch.  d.  Statijtik,'  ii.  555, 
08/ ;  statistics,  563  ;  564;  quoted,  579. 
Jones,  Bence,  '  The  Royal  Institution,' 
1.  90. 

Jordan,  Camille,  his  'Theorie  des 
bubstitutions,'  ii.  686,  692. 

Joseph  II.,  i.  256. 

Joule,  James  Prescott,  the  mechanical 
equivalent  of  heat,  i.  93  ;  doctrine  of 
the    conservation    of    energy,    201  ; 


J     or  Joule's  equivalent  of  heat, 
265 ;  and  Dalton,  ib. ;  not  connected 
with  Cambridge  Mathematical  School, 
266 ;  not  member  of  any  university, 
272;    determination  of  the  equival- 
ent of  heat,  309  ;  "mechanical  theory 
of  gases,"  310;  313;  paper  on  mol- 
ecular action,   433;  calculations  of, 
434;    435,     437;    ii.     Ill;    kinetic 
theory    of    gases,    34,     162;     dyn- 
amical   theory    of   heat,    73;    inde- 
pendence of   Mayer's   writings,  97  • 
and  Tyndall,   107  ;  heat  unit,   109 ;' 
scientific  work  of,  110  et  seq.;  a  pupil 
of  Dalton,  111 ;  indestructibility  of 
force,  ib.  ;  revival  of  interest  iu'  the 
ideas  of  "  Energy,"  114  ;  his  measure- 
ments utilised  by  Clausius  and  Thorn- 
son,  116  ;  practical  foundation  of  his 
researches,   117 ;    perpetual   motion, 
124  ;  two  laws  of  thermo-dynamics, 
128  ;  force,  130  ;  subjection  of  physi- 
cal phenomena   to  dynamical  laws, 
132;    measurements    of,    133;    and 
experiments,  137;  "Thermal  Unit," 
139 ;    conservation  of   energy,   142 ; 
elej3trical  phenomena,   146  ;'"law  of, 
147  ;    electrical  measurements,   156  ; 
heat,  178;  "energy,"  355;  stati.stics 
in  physics,  590,  592. 
Jousse,  geometrical  work  of,  i.  114. 
Julius  of  Brunswick  founds  University 

of  Helmstadt,  i.  160. 
Jungfleisch,  ii.  437. 
Jurin,    Dr,   experiments    in    capillary 

attraction,  i.  356. 
Jussieu,    Ant.    Laurent  de,   author  of 
'Genera    Plantarum,'   ii.    222,    235, 
265. 
Jussieu,   Bernard  de,  contributions  to 
the  study  of  natural  history,  i.  116  ; 
119  ;  botanical  work  of,  126  ;  referred 
to,  265. 
Justi,  '  Winckelmann,'  i.  279. 

Kane,  his  work  overlooked,  i.  414. 

Kant,  scientific  methods  insufficient  by 
themselves,  i.  36 ;  influenced  popu- 
larity of  lectures  on  "Encyclopadie," 
37  ;  a  century  before  his  time,  45  ; 
style  of,  51 ;  decadence  of  philosophi- 
cal thought  after,  78 ;  radicalism  of 
thought  of,  81 ;  ideas  of,  developed 
by  Schiller  and  others,  83  ;  Helm- 
holtz and  the  philosophy  of,  199; 
influenced  by  political  movements  in 
France  and  America,  203 ;  influence 
on  development  of  German  schools  of 
medicine,  208  ;  211,  212  ;  mathemati- 
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cal  and  physical  sciences  affected  by, 
216  ;  influence  of,  on  the  development 
of  modern  German  science,  219  ;  and 
Hume  and  Descartes,  222;  influence 
of,  on  education  in  Germany,  257  ; 
was  inspired  by  Rousseau,  259  ;  in- 
fluenced by  Hume,  273  ;  philosophy 
of,  dispelled  Cartesian  philosophy  in 
Germany,  433  ;  cosmological  genesis 
of  planetary  system,  ii.  209  ;  nebular 
theory,  277,  2S2  ;  late  development 
of,  309;  'Critique  of  Pure  Reason,' 
326 ;  philosophical  theories,  346 ; 
metaphysics,  354  ;  "specific  ener- 
gies," 4S2  ;  science  of  sensation,  484  ; 
time  and  space,  491,  492  ;  the  mind, 
497 ;  space  perception,  506  ;  and 
Herder,  532,  535 ;  freewill,  584 ; 
634  ;  751. 

Kiistner  of  Gottingen  University,  i. 
165.  ^' 

Kater,  scientific  work  of,  i.  230. 

Kaufmann,  \V.,  Hamburg  Address,  ii. 
_  190,  197. 

Kaup,  Jacob,  'Skizzirte  Entwickelungs- 
geschichte  und  natiirliches  System  der 
Europilischen  Thierwelt,'  ii.'317. 

Kavser,  spectroscopic  observations,  ii. 
361,  362. 

Keill,  John,  molecular  attraction,  i. 
355. 

Kekule,  chemical  researches  of,  i.  412 ; 
'  Lehrbuch  der  organischen  Chemie  ' 
quoted,  421,  448 ;  explains  pheno- 
menon of  multiple  proportions,  447  ; 
theory  of  aromatic  compounds,  449  ; 
benzine  ring,  ii.  424. 

Kelland's  edition  of  Young's  writings 
quoted,  ii.  98,  104. 

Kehin,  Lord.  See  Sir  William  Thom- 
son. 

Kepler,  Bacon's  indebtedness  to,  i.  94  ; 
118  ;  three  laws,  157,  318  ;  received 
logarithms  with  enthusiasm,  269  ; 
Xewton  and,  317;  374:  father  of 
modern  astronomy,  386 ;  astron- 
omical work  of,  ii.  227  ;  634. 

Kerner  von  Marilaun,  'The  Natural 
History  of  Plants '  quoted,  ii.  376. 

Kerry,  B.,  on  G.  Cantor  and  mathe- 
matics, ii.  634  :  734. 

Ketteler,  *  Theoretische  Optik,'  ii.  54. 

Kielnjever  an<l  the  Natwrphilosophie^ 
i.  207  ;  ii.  349. 

Kieser,  D.  G.,  and  the  Naturphilosophie, 
i.  207  ;  ii.  230  :  phytotomic  researches 
in  Germany,  261.  * 

Kinetic,  view  of  nature,  ii.  3  ;  the  word 
introduced  by  Ampere,  5  ;  revival  of 


kinetic  view  in  nineteenth  century, 
7  ;  theories,  34  ;  theory  of  gases,  ib.  ; 
view  of  nature,  insufficiency  of,  96 ; 
the  term  substituted  for  "actual," 
139;  "kinetics"  and  "energetics," 
180 ;  465,  574. 

Kirchhoff,  Gustav,  *  Mechanik,' i.  45; 
*  Vorlesungen  iiber  Maihematische 
Physik,'  231  ;  discovery  of  spectrum 
analysis,  277  ;  coincidence  between 
electrical  wave  -  motion  and  liglit, 
372;  Weber's  law,  380;  definition 
of  "mechanics,"  382;  Fraunhofer's 
lines,  ii.  48  ;  *  Gesammelte  Abhand- 
lungen,  ib. ;  cjesium  and  rubidium, 
49  ;  emission  and  absorption  of  liglit 
rays,  50  ;  51  ;  spectrum  analysis,  56 ; 
"  physical  mechanics,"  101. 

Kirwan,  i.  117,  ii.  291. 

Klaproth,  i.  117  ;  forerunner  of  Berze- 
lius,  391  ;  393. 

Klein,  '  G.  Forster  in  Mainz,'  i.  179. 

Klein,  Felix,  pupil  of  Pliicker,  ii.  76 ; 
his  geometrical  tract,  632 ;  on  the 
period  of  Euclid,  635  ;  '  Evanston 
Colloquium'  quoted,  ib.;  on  abriiljred 
mathematics,  636  ;  686 ;  his  '  Erlaniren 
Programme,'  690  ;  and  Lie,  691,  692, 
718,  720  ;  his  tract  on  Rieniann's 
theory,  698,  699  ;  on  Riemann's  in- 
fluence, 700  et  seq. ;  on  Riemann 
and  Weierstrass,  707  ;  on  Dirichlet's 
Prmciple,  708  ;  on  non-metrical  rela- 
tions, 713  ;  on  non-Euclidean  geom- 
etry, 714  ;  on  Cayley  and  von  Staudt, 
718  ;  on  generalised  notion  of  dis- 
tance, ib.  ;  on  famous  problems,  721, 
731  ;  on  arithmetising  tendency,  738, 
740. 

Klopstock,  Alcaic  and  Sapphic  metres 
of,  i.  213. 

Knapp,  statistics,  ii.  563,  566. 

Knott,  on  directional  calculus,  ii.  656. 

Knowledge,  accumulation  of,  iu  nine- 
teenth century,  i.  28  ;  method  and 
unity  of,  29. 

Knox,  John,  creator  of  Scotch  educa- 
tional system,  i.  253  ;  '  First  Book  of 
Discipline,'  255. 

Kobell,  *  Geschichte'der  Mioeralogie,'  i. 
117. 

Kochly,  i.  162  ;  •  Gottfried  Hermann,' 
169.' 

Kohlrausch,  F.,  electrolysis,  ii.  164. 

Kohlrausch,  R.,  electrical  measure- 
ments, i.  369  ;  ii.  84. 

Kolbe,  chemical  researches  of,  i.  412; 
attacks  of,  on  'Modem  Chemistry,' 
455. 


und 


Kolliker,  von,  quoted,  ii.  401:  "Idio 

plasma,"  448. 
Kcinig,  Ed.,  on  Wundt,  ii.  513. 
Konig,   H.,  •  G.   Forster  in  Haus 

Welt.'  i.  179. 
Konigsberger,  L.,  'Zur  Geschichte  der 

Theorie    der    elliptischen    Transoen- 

denten,'  i.  185,  ii.  648. 

Kopke,   Rudolf,    'Die    Grundung    der 

Koniglicheu-Wilhelms-Universitat  zu 
Berlin,'  i.  263. 

Kopp,  Hermann,  on  the  reports  of 
Berzelius,  i.  42  ;  '  Die  Entwickelune 
der  Chemie,' 115.  246,  418,  419,  ii.  154- 
'Geschichte  der  Chemie,'  i.  175,  188,' 
191,  308  ;  quoted  on  Lavoisier,'  386* 

?.?('   ?,",«t«^'    ^91>    393,    398,    407; 

421  ;  422  ;  electro  -  chemical   theory 

405;    408   et  seq.,    413;    Avogadro's 

hypothesis,  428  ;  on  J.  Black,  ii.  102  • 

^  founded  physical  chemistry,  152  ;  157.' 

Kossak,  E.,  on  Weierstrass,  ii.  712 ;'  734] 

Kotter,  E.,  on   Poncelet's  principle  of 

contmuity,  ii.  660 ;   on  von  Staudt, 

661.  ' 

"  Kreislauf  des  Lebens,"  ii.  395. 
Kronecker,  ii.  727,  729 ;  on  arithmetis- 

ing,  738. 
Kronig,   A.,  'GrundzUge  einer  Theorie 

der  Gase,' i.  433  ;  ii.  162;  179. 
Krug,    representative  of  encyclopsedic 

teaching,  i.  38. 

Kummer,  ii.  680,  726 ;  ideal  numbers, 

/2o. 

Kundt  (see  Christiansen),  '  Die  neuere 
?°twicklung  der  Electricitiitslehre,' 
1.  380. 

Kuntze,  quoted  in  reference  to  the 
brothers  Weber,  i.  197  ;  biography  of 
G.  T.  Fechner,  200  ;  ii.  508.      ^  ^ 


^  ^t?®'  ^®'  palseontological  work  of, 
1.  lo9. 

Lacepede,  i.  119. 

Lacroix  geometry,  i.  44  ;  '  Differential 
antUntegral  Calculus,' 233  ;  student 
at  Ecole  normale,  237  ;  ii.  643,  686. 

Ladenburg,  '  S^ortrage  uber  die  Ent- 
wicklungsgeschichte  der  Chemie,'  ii. 

'Ladies'  Diary,'  i.  236,  238,  ii.  679. 
Launnec,  French  medical  science,  i.  208. 
l^agrange,   mechanics,    i.    44;    general 
methods  of,  45 ;  adapts  the  calculus 

1  Po  .  f^?^^®""^  °f  ^^e  'Principia,' 
fi  Vnn  ^^ecanique  analytique,'  105, 
u-  100;  mathematics  at  the  ":^cole 
SS^'^ooC  ^'  "2 ;  113,  148,  181,  200, 
^-54;   237;    analytical    methods    of, 


271;  "potential  function," 316  •  319- 
theories  elaborated  by  Gauss,' 331- 
ions'  i^e'-'^^^^f^al  study  oi'vibri: 
xions,  lb  ;  analytical  school  of  100  • 
dynamics,  1.38;  his  system  math/ 
maticai,  144  ;  467.  51of  5?2  ;  theory 
of  error,  575  ;  637 ;  on  f.indaiS 
questions,  656 ;  669,  680,  690  aid 
Weierstrass,  693-695,  706 

Laguerre,  ii.  715. 

Lakanal  on  the  Ecole  normale,  i.  109 
112;  quoted.   111;   113;  obtained  a 
decree  from  Convention  to  continue 
sittings  of  the  Academy  durin^  sus! 
pension,  148;  "  Museum,"  ii   311 

10/,   113,   16/,   177;  Clairault's  at- 
tempt to  alter  gravitation  formula, 

^1?Tif^4nQ^?^^*''°l^^;^^  Zoologique,'  i. 

iS6,  11.  309  et  seq.  ;  beginnings  of  Dar- 

wmian   theory,    i.    137  ;    temporary 

neglect     of    suggestions     of.     179  • 

Hydrogeologie,'      194;      and     the 

Origin  of  Species,'  201  ;    '  Hy.lro- 

geologic'    quoted,    ii.    217;   natural 

history  of  vertebrates,  239  ;  247  ;  and 

Geoffroy  Saint-Hilaire,  255  ;  and  Von 

Baer,   316  et  seq.;    321,   322     397. 

natural  selection,  330,  351 ;  arlap"ta-' 

tion,  606;  "environment,"  394-  his 

school,  431 ;  460,  470,  607,  621.  ' 

Lambert,  J.  H.,  i.  175  ;  *  Photometry,' 

le^rsTl82.'''^^^^^^"-^^^^-^^^ 

Lame,  treatises  on  mathematics  and 
physics,  1.  45  ;  theories  of,  360  ;  379  • 
synthetic  method,  ii.  100;  influenced 
German  thought,  101. 

La  Mettrie,    '  L' Homme    Machine  '  i 
144  ;  '  Histoire  naturelle  de  I'Ame  '* 
lb.  ;  ii.  699.  ' 

Landen,  scientific  services  of,  i.  229  • 
well  known among,Continental  mathe' 
maticians,  232;  maintained  reputa- 
tion of  British  mathematicians  270 

Lange.  F.  A.,  '  History  of  Materialism'.' 
1.  145,  385,  ii.  323,  513,  584;  "psy- 
chology  without  a  soul,"  523. 

Lanerley,  function  of  gland  cells,  ii. 
429. 

Language  portrays  changes  of  thought, 
i.  11  ;  conventional,  inadequate  for 
original  thought,  12  ;  the  problem  of. 
ii.  536. 

Lankester,  Ray,  "Zoology,"  ii.  232; 
the  term  "homology,"  259. 

Lapeyronie  founded  Academic  de 
Chirurgie,  i,  107. 
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Laplace,  works  of,  i.  82,  97  ;  Newton's 
ideas  elf>borated  by,  96 ;  mathematics 
at  the  Ecole  normale,  112,  237  ;  llo, 
115  ;  crystallography,  116  ;  '  Systeme 
du  Moude,'  119,  319  : '  Theorie  aualy- 
tique  des  Probabilites,'  120,  325  ;  his 
own  populariser,  122  ;  statistics,  124  : 
126  ;  and  Cuvier  contrasted,  132  ;  14», 
154,  177,  181,  187,  200  ;  "  exact  habit 
of  thought,"   222;    potential    func- 
tion. 231.  316;  241 ;  Dalton's  atomic 
theory,    246;    264;    researches    ot, 
281 ;  306,  312  ;  '  Mecanique  celeste, 
319 ;   358 ;    gravitation,    321  ;    least 
squares,   325 ;  326  ;  the  Tides,  330  ; 
Gauss.    331;    mathematical    expres- 
sion of  astronomy,   333  ;  emanation 
theory    of   light,    344;    346;    mole- 
cules, 347  ;  gravitation  theory,  349  ; 
molecular  attraction,  354  ;    '  Theorie 
de  I'Action  capillaire,'  355 ;  quoted, 
356  ;  St  Venant  quoted,  359  ;  362  ; 
corpuscular    theory    of   light,    370 ; 
measurement     of    electrical    action, 
371 ;  value  of  Newton's  formula,  373  : 
Newton's     law,     378;    astronomical 
view    of   nature,    380;    opposed    to 
undulatory  theory,  ii.  16;  on   New- 
ton's emission  theory,  17  ;  theory  ot 
litrht,  20 ;  opposed  undulatory  theory 
oFli^'ht,  24  ;  on  the  commission  which 
crowned  Fresnel's   *  Me  moire  sur  la 
Diffraction,'  25  ;  extension  of  gravita- 
tion   into    molecular    physics,     29; 
theory  of  capillarity,  33  ;  researches 
into     electrical      phenomena,      6/  ; 
methods  of,  70 ;  school  of,   referred 
to,   93,  100,  101 ;  the  material  and 
dynamical  conceptions  of  heat,  118  ; 
cosmological    genesis    of    planetary 
svstem,  209 ;  215  ;  astronomical  work 
of      227;     228;     nebular    theory, 
277    284  ;  quoted,  285  ;  290 ;  genesis 
of    the    cosmos,    320;   genetic  view 
anticipated  by,  330  ;  theory  of,  357  ; 
hypothesis  of,  360 ;  stability  of  solar 
system,  386  ;  animal  heat,  390,  433  ; 
analysis    of   phenomena    of   nature, 
400  ■  474,  487  ;    science    of  chances, 
568 ;'  569,  571,  572,  575  ;  method  of 
least  sqmare,  576  ;  doctrine  ot  prob- 
abilities,   578 ;    influence    ot,    581 ; 
statistical  method  in  social  questions, 
599 ;  curve  of  error,  616  ;  634,  63/  ; 
his  '  Mecanique  celeste '  and  *  Theorie 
des  Probabilites,'  642 ;  functions  of, 
696 ;  751.  ..  , 

Larmor,  Jos.,  vortex  theory,  ii.  63,  64  , 
'  ^ther  and  Matter,'  89,  195  ;  mathe- 


matical theorv  of  electricity,  193; 
his  position,  195  ;  197  ;  atomic  and 
energetic  views,  198  ;  595  ;  on  vectors, 

656.  .    .,  , 

Lasswitz,  'Geschichte  der  Atomistik, 
i.  433,  ii.  5 ;  *  G.  T.  Fechner.'  369, 
508  ;  Fechner's  philosophy,  513. 

Laurent,  revives  Front's  hypothesis,  i. 
402 ;  attack  on  electro  -  chemical 
theorv,  409;  "type  theory,"  411; 
413; 'quoted,  420;  "substitution" 
in  chemical  combination,  429. 

Laurillart,  Bell's  theorem,  i.  293. 

Lavater,  Caspar,  J  Physiognomische 
Fragmente,'  ii.  477. 

Lavoisier,  i.  114,  147;  services  to 
France,  148  ;  170,  188,  20u  ;  scientitic 
method  of,  306,  365  ;  influenced  by 
Laplace,  380  ;  theory  of  combustion, 
386,  393  ;  chemical  researches,  391 ; 
392,  399,  400  ;  organic  analysis,  407  ; 
chemical  balance,  ii.  152  ;  atomic 
view,  153  ;  379  ;  and  his  school,  382  ; 
animal  heat,  390,  433  ;  chemical  ele- 
ments, 398. 

Lawes,  Sir  J.  B.,  experiments  and  pub- 
lications in  agriculture,  i.  285. 

Layard,  i.  294. 

Lazarus,  psychologist,  ii.  497 ;  the 
objective  mind  in  history,  530. 

Leake,  M.  W.,  explorations  of,  i.  296. 

Learning,  apparent  disintegration  of.  i. 

30. 
Least  squares,  method  of,  i.  120  ;  183  ; 

ii.  576. 

Le  Bel,  the  carbon  tetrahedron,  i.  4o0. 

Leblanc  invents  soda  process,  i.  92. 

Le  Breton,  report  on  Fine  Arts,  i.  149. 

Le  Chatelier,  'Journal  de  Physique,' 
ii.  169,  173. 

Lecoq  de  Boisbaudran,  discovery  of 
gallium,  i.  315,  423. 

Legallois,  ii.  519. 

Legeudre  reforms  geometry,  i.  4^; 
'Theorie  des  Nombres,'  82;  method 
of  least  squares,  120,  183,  ii.  576 ;  i. 
181  ;  '  Traite  des  Nombres,'  182  ; 
'  Nouvelles  methodes  pour  la  deter- 
mination des  orbites  descometes,'  183; 
'Traite  des  fonctions  elliptiques,' 
185  ;  187  ;  potential  function,  231 ; 
on  elliptic  integrals,  ii.  648  ;  his  rela- 
tion to  Abel  and  Jacobi,  ib.;  Konigs- 
berger  on,  ib.  ;  on  foundations  of 
geometry,  656  ;  on  synthetic  method, 
670  ;  functions  of,  696  ;  721. 

Lehmann,    «  Molecularphysik '  quoted, 

i-  443.  ^       ^, 

Leibniz,    1.    49;     essay    on,    by    the 
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author,    50 ;    on    thought,    6Q  ;    or- 
ganises scientific  effort,    100  ;   ' '  cal- 
culus," 101 ;  modern  analytical  spirit 
of,   102 ;    letter  to  Huygens  on  cal- 
culus,  103  ;  letter  to   Bodenhausen, 
104  ;   105  ;  '  Schriften,'  122  ;  137  ;  at 
the   court    of    Brunswick,    158;  the 
University  of  Halle,    160;    encyclo- 
paedic  view  of  '  Wissenschaft,'  171 ; 
modern  science,  175  ;  reaction  against 
his    philosophy,    212;    notation  of, 
233  ;  247,  283,  311  ;  ''  energy,"  312  ; 
337  ;  gravitation,  340  ;  358  ;  letter  to 
Foucher,  ii.  5  ;  Euler's  opposition  to, 
8  ;  "  vis  viva,"  100  ;  indestructibility 
of    force,    111  ;    influences    German 
philosophy,  205  ;  scientific  work  of, 
210;     'Protogaea,'     277,    2S0,    293; 
"evolutionist,"     278;      '  Protogfea' 
quoted,   281  ;  288 ;  epigenesis,   298 ; 
genetic    view    anticipated    by,   330 ; 
364,   365  ;  animation  of  all  nature, 
369  ;  403  :  idea  of  life,  409  ;  monad- 
ology,   500 ;    507  ;    doctrine  of  pre- 
established      harmony,      519;      (see 
Herder),  535 ;  the  theory  of  language, 
537 ;    statistical    information,    546 ; 
555 ;   Neumann's    statistical    tables, 
565  ;  science  of  chances,  568  ;  theory 
of  probabilities,  573;  638,   643;  his 
dyadic  system,  645  ;  on  couvergency, 
646 ;    letter    to    Huygens,    659 ;    on 

determinants,  682  ;  706 ;  science  and 

religion,  742. 
Leitch,   *  Miscellaneous  "Works  '  of  Dr 

Young  cited,  i.  244. 
Lelievre,  i.  136. 
Lemonnier  at  the  Jardin  des  Plantes,  i. 

107. 
Lenard,   discoveries   of  light  rays,   ii. 

92;    observation     of    cathode    ravs. 

192.  ^ 

Lenz.  electrical  phenomena,  ii.  146. 
Le  Sage,    "ultramundane  corpuscles," 

i.   343 ;    344 ;    quoted  on   Epicurus, 

ii.  4. 
Leslie,  scientific  work  of,  i.  229,  230 ; 

Scotch  university  professor,  272. 
Lessing,  moralising  style  of,  i.  51;  and 

Gibbon,  169  ;  171;  the  scientific  ideal 

of,  211 ;  212. 
Leuckart,  Rudolf,  ii.  322 ;  law  of  limit 

of  growth,  445. 
Leuwenhoek,  perfection  of  simple  micro- 
scope, ii.  228  ;  reference  to,  281. 
Leverrjer  and  the  discovery  of  Neptune, 

i.  277;    "Association  scientifique," 

298 ;  astronomical  achievements  of, 

314  ;  meteoric  hypothesis,  ii.  357. 


.T\?-.^-'  °^  ^^^^^^t  Spencer,  i. 

48;   'Life  of  Goethe,'  1661  ii.  470; 

phrenology,  478  ;  "  specific  energies," 

4«d  ;  ol2 ;  spinal  cliord,  519  ;  608 
Lexis,  Prot.,  'Die  deutschen  Universi- 

taten,'  i.  226  ;  statistics,  ii.  566. 
Lhuiher   referred    to    by    Steiner,    ii. 

669. 

Lichtenberg  of  Gottingen  University,  i. 
Ibo  ;  electricity  and  the  Geissler 
tubes,  ii.  191  ;  physiognomy,  477. 

Lichtou,  John,  Louvain  University,  i. 
268. 

Lie,   Sophus,   ii.   686  ;   and  theorv  of 
groups,   690 ;   and  Klein,   691,   692, 
718 ;  on  difi"erential  equations,  696  ; 
on  tundamental  problem  of  geometry, 
/  -ly  ;  I  Z\). 
Liebig,  J.  von,  laboratory  at  Giessen,  i. 
18  ;  '  Jahresbericht  der  Chemie,'  42  • 
works  on    chemistry,    43;   chemical 
predictions  of,^  92 ;    on   Bacon,    93 ; 
115 ;     162,     174 ;     temporarily    in- 
fluenced   by     sfteculative    spirit    in 
German  science,  178  ;  establishment 
of  chemical  laboratories,  188  ;  quoted, 
190  ;  his  organic  analvsis,  191 ;  and 
Wcihler,     192  ;    194  ;  "  metaphysical 
leanings  of,  196  ;  200  ;  influenced  by 
the    Naturphilosophie,     207;    freed 
under  the  influence  of  French  science, 
208;    underlying   idea    in    founding 
chemical    laboratory,    214;     "vital 
force,"  218;  Dalton's  atomic  theory, 
246  ;  agricultural  experiments,  285 ; 
•  Familiar    Letters    on    Chemistry ' 
quoted,  389;  discovery  of  "isomer- 
ism,"   406;   the   "radicle"    theory, 
409;  the  hydrogen  and  the  oxygen 
theory  of  acids,  410  ;  412  ;  quoted  on 
chemical  research  in  England,  414  ; 
his    attitude    towards    the    atomic 
theory,   418  ;  scientitic  work  of,   ii. 
105;  'Annalen  der  Pliarmacie,' 107, 
163,    170;   Mohr's  and  Helm's   first 
papers  published,  109 ;  appreciation 
of   Mohr    and    Mayer,    114 ;     'Die 
Organische    Chemie,'    115;    organic 
chemistry,     117,     391  ;     dynamical 
theory  of  heat,  128 ;  popular  work  of, 
149;  152;  (see  Thos.  Graham),  161; 
biological  studies,  208 ;  physiological 
processes,  390 ;   393  ;    his  influence, 
394 ;    396 ;    attempt   to    extend  the 
idea  of  "  Stotfwechsel,"  397  ;  '  Chemi- 
cal Letters,'  398  ;  practical  study  of 
nature,  404;  "vitalism,"  405;  406, 
411,    420;     Bacon's     "method     of 
instances,"  558. 
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Leibisch,  '  Physikalische  Krystallogra- 

phie,'  i.  443. 
Liebreich,  Oscar,  discovered  action  of 

chloral,  i.  93. 
Life  and  mind,  ii.  216 ;  what  are  they  ? 

462 ;  mental,  496. 
Life,   problem   of,  ii.  352 ;  what  is  it  ? 

381  ;  Bichat's  definition  of,  383  ;  394  ; 

and  mind,  548. 
Light,  the  undulatory  theory  of,  i.  241, 

ii.  153  ;  i.  229,  236  ;  theories  of,  ii.  8  ; 

undulatory    and    emission    theories, 

11 ;    undulatory  theory  prepared  by 

acoustics,  12  ;  and  sound,  mechanical 

difference  between,  30  ;  speed  of,  36  ; 

corpuscular  theory  of,  ib. ;  speed,  45  ; 

magnetisation  of  (Faraday),  74. 
Limits,  method  of,  ii.  706 ;  Hankel  on, 

Lindemann,  researches  of,  ii.  ^124  ;  on 

transcendency  of  number  t,  731. 
Link,  ii.  230  ;  observations  of,  261. 
'  Linnseau  Society,  Transactions  of,'  i. 

41. 

Linnjeus,  contributions  to  study  of 
natural  history,  i.  116 ;  beginning  of 
geometrical  crystallography,  117;  119; 
system  and  nomenclature  of,  125;  145; 
classification  of  living  beings,  288 ; 
system  of  classification,  ii.  220,  221, 
232  ;  basis  of  classification  of  veget- 
able and  animal  kingdom,  234  ;  first 
four  classes  of,  238  ;  243,  251 ;  classifi- 
cations, 254,  336  ;  311. 

Lionardo  da  Vinci,  rules  of  perspective, 
ii.  663. 

Liouville  recognised  merits  of  Green's 
work,  i.  247  ;  publishes  Galois' 
works,  ii.  686;  726,  727.^ 

Lister,  improvements  in  microscope,  ii. 
228. 

Listing,  J.  B.,  '  Vorstudien  zur  Topo- 
logie,'  ii.  63. 

Literature,  French,  influence  of  science 
on,  i.  104. 

Lloyd,  Humphrey,  experiments  in  re- 
fraction, ii.  43. 

Lobatchevsky,  Vasiliev  on,  i.  161 ;  ii. 
635  ;  and  Gauss,  652  ;  pupil  of  Bar- 
tels,  653  ;  710,  713,  718. 

Locke,  David  Hume  and,  i.  47  ;  144  ; 
influence  of,  on  German  thought  and 
literature,  212 ;  and  Kant,  219 ; 
school  of,  250 ;  influence  on  educa- 
tional views  in  England,  253  ;  influ- 
ence on  French  philosophy,  273  ;  new 
line  of  thought  adopted  by,  311  ; 
sensualistic  philosophy,  ii.  323 ; 
psycho-physical  view,  471;  genesis  of 


space  perception,  473 ;  497  ;  genetic 
view,  506  ;  516  ;  language,  536  ;  751. 

Lockyer,  Sir  Norman,  nature  of  ele- 
ments, ii.  192  ;  282  ;  genesis  of  the 
cosmos,  360  ;  '  Inorganic  Evolution,' 
369. 

Lodge,  Sir  01.,  "The  Second  Law  of 
Thermodynamics,"  i.  331  ;  370  ;  on 
"  action  at  a  distance,"  380 ;  on  the 
ether,  '  Modern  Views  of  Electricity,' 
ii.  38,  90,  163  ;  popularisation  of 
Maxwell's  electro  -  magnetic  theory, 
72  ;  illustrations  of  Maxwell's  theory, 
90,  94. 

Lommel,  Ohm's  *  Gesammelte  Abhand- 
lungen,'  i.  365. 

Longet,  Bell's  theorem,  i.  293. 

Longitude,  Board  of,  i.  113 ;  prize 
offered  by,  158. 

Longitudes,  Bureau  des,  i.  113. 

Lorentz,  H.  A.,  mathematical  theories 
of  electricity,   ii.  193  ;  195  ;  quoted, 

195,  197. 

Lorenz,  0.,  quoted  on  division  of  history 
into  centuries,  i.  13  ;  '  Die  Geschichts- 
wissensc»)aft/  206. 

Loria,  Gino,  i.  275. 

Lotze,  Hermann,  definition  of  "  reality," 
i.  32  ;  contrasted  with  Herbert  Spen- 
cer, 48  ;  quotation  from  '  Microcos- 
mua,'  52;  definition  of  philosophy, 
65 ;  constructive  ideas  of,  81 ;  and 
Fechner,  200  ;  lectures  on  '*  encyclo- 
paedia" of  philosophy,  21 5;  mechanical 
view  in  biology  of,  219 ;  220  ;  phil- 
osophy of,  ii.  288  ;  401 ;  "  Leben  und 
Lebenskraft,"  401 ;  405  ;  vitalism  and 
animism,  407  ;  purpose  and  will,  408, 
409  ;  vitalism,  434  ;  anticipated  Helm- 
holtz,  491 ;  492 ;  influence  of  Herbart 
on,  494  ;  physiology  of  the  soul,  500  ; 
psycho-physics  of  vision,  504  ;  theory 
of  "local  signs,"  508;  medical  psy- 
chology, 512;  psycho -physics,  517; 
'  Microcosmus,'  532  ;  549  ;  quoted, 
585  ;  on  non- Euclidean  geometry,  716. 

Louis  XV.,  i.  107  ;  and  botany,  ii.  235. 

Love,  A.  E.  H.,  *  Dynamics,'  ii.  183.     ^ 

Lowth,   *  Lectures  on  Hebrew  Poetry, 

ii.  537. 

Lubbock,  Sir  John,  ii.  415;  anthropol- 
ogist, 497.  . 

Lucretius,  scientific  speculations  of,  i. 
313;  the  "atomic  theory,"  385; 
quoted,  ii.  4. 

Ludwig,  F.,  mathematical  botany,  u. 

622. 
Ludwig,  K.  F.  W.,  Eloge  of  Weber  u. 
396;  "automatic  curve-plotting,  4U«>. 
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Luminiferous  ether,  theory  of,  ii.  18  • 
69,  70. 

Lunar  theory,  i.  329. 

Luroth,  on  von  Staudt,  ii.  669 ;  and 
Shepp,  translation  of  Dini's  work, 
704. 

Luther,  educational  work  of,  i.  255. 

Lyell,  Sir  Chas.,  i.  229 ;  quoted  on 
British  Association,  240  ;  '  Travels  in 
North  America,'  263;  *  Principles  of 
Geology,'  291,  ii.  277,  317  ;  on  Cuvier 
and  the  fixity  of  species,  256  ;  291  ; 
"  uniformitarian  "  school  of  geology, 
292 ;  beginnings  of  the  genetic  view, 
293  ;  quoted,  296,  559  ;  genesis  of  the 
cosmos,  320  ;  327  ;  genetic  view  in 
geology,  330  ;  335,  608. 

M'Aulay,  A.,  on  directional  calculus,  ii. 
656. 

Macaulay  eulogises  Bacon,  i.  93. 

M'Cormack,  Thomas,  translation  of 
Prof.  E.  Mach's  Works,  i.  318  ;  ii. 
183. 

M'Cosh,  James,  ii.  513. 

M'CuUagh,  James,  i.  274  ;  properties  of 
ether,  ii.  31 ;  analytical  method  of,  45 ; 
referred  to,  54 ;  contribution  to  vortex 
theory,  63 ;   195. 

MacCulloch,  J.  R.,  '  Statistical  Account 
of  the  British  Empire,'  ii.  563. 

Macfarlane  on  directional  calculus,  ii. 
656. 

Mach,  Prof.  Ernst,  *  Mechanik  in 
I,  ihrer  Entwickelung '  quoted,  i,  318, 
383,  ii.  97,  100  ;  '  Die  Geschichte  und 
die  Wurlzel  des  Satzes  von  der 
Erhaltung  der  Arbeit,'  97  ;  '  Prin- 
cipien  der  Warmelehre,'  102,  106, 
109,  111,  175 ;  popularisation  of 
Fourier*s  heat  theory,  121  ;  criticism 
of  mechanical  view,  183  ;  185,  737. 

Machiavelli,  a  model  historian,  i.  7. 

M'Kendrick  on  Helmholtz,  ii.  396,  485  ; 
quoted,  490. 

Maclauriu,  Colin,  tribute  by  Playfair 
to,  i.  232;  'Treatise  on  Fluxions,' 
&c.,  270;  272;  series  of,  ii.  646; 
theorem  of,  670. 

MacMahon,  Major,  Address  to  Mathe- 
matical Section  of  British  Association, 
Glasgow,  ii.  UO ;  on  combinational 
analysis,  643 ;  679. 

Madrin  despaired  of  Newton's  theory  of 
gravitation,  i.  334. 

Magendie,  Bell's  theorem,  i.  293 ;  ex- 
perimental school  of,  ii.  384 ;  385 ; 
experimental  or  vivisectional  school, 
406 ;  experiments,  481. 

VOL.  II. 


Magnus,  Gustav,  chemist,  i.  188 ;  205  • 

chemical  researches  of,  208.  ' 

Mairan,  referred  to  by  Voltaire,  i.  106. 
Malpighi  used  the  term  **  cell,"  i.  195  • 

embryological  work  of,  ii.  227,  260  ; 

(s_ee  De  Candolle),  261;  "  epigenesis," 

278. 

Mai  thus,  'Principles  of  Population,' i. 
84,  ii.  331  tt  seq.  ;  conflict  in  nature, 
431. 

Malus,  polarisation  of  light  discovered, 
i.  83;  introduced  the  word  "polar- 
ity," ii.  22;  "polarity"  acquired  by 
light  by  reflexion,  23;  on  polarisa- 
tion, ih.  ;  referred  to  by  Young,  27. 

Man,  and  brute,  the  dividing  line,  ii. 
541;  the  "mean,"  580. 

Manchester  Literary  and  Philosophical 
Society,  i.  265. 

Manifold,  ii.  713. 

Mansell,  Dean,  '  On  the  Limits  of  Re- 
ligious Thought,'  ii.  326. 

Mantegazza,  physiognomy,  ii.  477. 

Mantell,  G.,  ii.  318. 

Marat,  i.  107. 

Maria  Theresa,  i.  256. 

Marine  laboratories,  ii.  232. 

Marin ini,  animal  electricity,  ii.  475. 

Marion,  '  Grande  Encyclopedic, '  quoted, 
ii.  495. 

Mariotte,  Boyle's  law  of  pressures,  i. 
425  ;  427 ;  experimental  formulae  of, 
436. 

Markgraf,  Andreas  Sigismund,  i.  175. 

Martin,  Charles,  Lamarck's  views,  ii. 
310  ;  "  Introduction  Biographique  "  of 
Lamarck,  311. 

Maser,  H.,  edition  of  Abel  and  Galois, 
ii.  686. 

Maskelyne,  N.,  i.  177;  scientific  work 
of,  229 ;  not  member  of  any  uni- 
versity, 238  ;  measurement  of  force  of 
gravitation,  320 ;  personal  equation 
unknown  to,  325  ;  discoveries  of,  354. 

Maskelyne,  Story,  '  The  Morphology 
of  Crystals,'  ii.  222. 

Mass,  weight  and,  i.  336. 

Massieu,  mathematical  formulae  of  "free 
energy,"  ii.  173. 

Mathematical  methods.  Continental,  in- 
troduced into  England  by  Babbage 
and  others,  i.  18. 

Mathematical,  spirit,  i.  314  ;  first  intro- 
duced into  science,  317 ;  formulae, 
focalisiug  effect  of,  332  ;  definition  of 
matter  and  force,  334. 

Mathematicians,  Konigsberg  school  of, 

i.  186  ;  ancient,  catalogue  of,  ii.  633. 

Mathematics,  Continental,  methods  in, 
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i.  100  ;  modern  changes  in  conception 
of,  221  ;  impetus  to  study  of,  given 
by  French  Revolution,  237;  pre- 
judices against,  ii.  628 ;  Sylvester 
on,  629,  631;  use  of,  630;  Huxley 
on,  ib.  ;  Lord  Kelvin  on,  ib.  ;  Gauss 
on,  631 ;  Cayley  on,  ib. ;  twofold 
interest  in,  632 ;  origin  of,  634  ; 
Euler  on,  657 ;  Abel  and  Jacobi's 
school  of,  ib. 

Mathurin,  geometrical  work  of,  i.  114, 

Matter  and  force  mathematically  de- 
fined, i.  334. 

Matter,  circulation  of,  ii.  420  ;  living, 
mobility  of,  438. 

Matteucei,  animal  magetism,  ii.  475. 

Matthew,  Patrick,  '  Naval  'lumber  and 
Arboriculture,'  ii.  334  ;  347. 

Maudsley,  Dr  H.,  'Physiology  and 
Pathology  of  Mind,'  ii.  512. 

Maupertuis  followed  Newton,  i.  96 ; 
referred  to  by  Voltaire,  105;  Prin- 
ciple of  least  (or  stationary)  action, 
231  ;  astronomical  constants,  322. 

Maury,  Alfreil,  '  Les  Academies  d'autre- 
fois,'  i.  90,  99,  105  ;  quoted  on  Vol- 
taire and  scientific  progress,  106  ; 
quoted,  127,  135,  147,  148;  143; 
226. 

Mauvein,  i.  92. 

Maxwell,  Transactions  of  Society  of 
Agriculture,  i.  284. 

Maxwell,  James  Clerk-,  on  probahilities, 
i.  120;  'Science  and  Freewill,'  124; 
his  theories  followed  up  in  Germany 
and  France,  251  :  and  Faraday's 
**  lines  of  force,"  266;  contributions 
to  study  of  natural  philosophy,  274  ; 
*Heat,'  315,  ii.  173;  'Electricity 
and  Magnetism,'  i.  323  ;  electric 
theory,  344  ;  "  the  astronomical 
method,"  347;  'Action  at  a  Dis- 
tance,' 348  ;  '  Electrical  Researches 
of  Cavendish,'  363  ;  '  Physical  Lines 
of  Force,'  372  ;  '  Equilibrium  of  Elas- 
tic Solids,'  379;  Weber's  theory,  380  ; 
^*  energy"  a  substance,  388 ;  *  Dynam- 
ical Evidence  of  the  Molecular  Con- 
stitution of  Bodies '  quoted,  424  ; 
kinetic  theory  of  gases,  433,  ii.  34  ; 
the  statistical  view  of  nature,  i.  438  ; 
'  Kinetics,'  ii.  5  ;  *  Scientific  Papers  ' 
quoted,  33,  175 ;  treatise  on  elec- 
tricity and  magnetism.  35  ;  followed 
on  the  lines  of  Stokes,  55  ;  quoted  on 
Rankine's  theory  of  molecular  vor- 
tices, 62  ;  "  Atom,"  *  Encyclopaedia 
Britannica,'  66;  electro  -  magnetic 
theory,    73,    153 ;    labours    of,    76  ; 


theory  of  electricity,  78  ;  "  tubes  of 
force,"  80  ;  electrotonic  state  of  mat- 
ter, 81  ;  "On  Physical  Lines  of  Force," 
82,  83;  "  elastic  medium  "  in  space, 
84;  "elastic  disturbances"  of  that 
medium,  85,  86  ;  theory  of  energy, 
87,  88,  89  ;  indefiniteness  of  electro- 
magnetic theory,  93  ;  physical  view 
of  nature,  141,  144 ;  and  Faraday's 
views,  145 ;  electro-magnetic  field, 
147  ;  148  ;  theory  of  electro-dynam- 
ical phenomena,  151;  'Theory  of 
Heat,'  167;  Willard  Gibbs,  173; 
"available  energy,"  174;  179,  182; 
triumphs  of  atomic  view,  188  ;  191, 
193  ;  difficulties  of  his  theories,  194  ; 
Ampere,  341  ;  statistical  view,  574, 
603  ;  theory  of  probabilities,  590 ; 
statistical  methods,  592,  593 ; 
"Sorting  Demon,"  594  ;  quoted,  605, 
606 ;  on  historical  and  statistical 
methods,  613  ;  624  et  seq.,  630  ;  on 
vector  analysis,  655. 

Mayer,  A.  M.,  Young's  colour  theory, 
ii.  480. 

Mayer,  Julius  Robert,  i.  218,  265,  309  ; 
theory  of  energy,  ii.  97  ;  his  work 
theoretical,  99  ;  scientific  services  of, 
106  ;  memoirs  refused  by  Poggendorf, 
107 ;  measurement  of  "  energy," 
108  ;  indestructibility  of  force.  111 ; 
neglect  of  earlier  writings  of,  113, 
114  ;  his  views  extended  and  elabor- 
ated by  Thomson  and  Clausius,  116  ; 
117 ;  correlation  and  interchange- 
ability  of  natural  force,  119  ;  per- 
petual motion,  124  ;  the  dynamical 
theory  of  heat,  128,  130  ;  first  philo- 
sophical generalisations  on  power 
and  work,  137  ;  "  Kraft,"  169  ;  207  ; 
"energy,"  355;  meteoric  theory  of 
the  sun's  heat,  357,  358;  conserva- 
tion of  energy,  397 ;  398. 

Mayer,  Tobias,  Professor  of  Mathe- 
matics and  Economics  at  Gottinsren, 
i.  158  ;  connection  of,  with  modern 
science,  175;  176;  method  of  least 
squares,  183 ;  astronomical  calcula- 
tions of,  324  ;  lunar  theory,  329 ; 
368. 

Measurements,  Weber's  fundamental, 
i.  368. 

Mechain,  i.  113. 

Mechanical  view  of  nature,  ii.  183. 

Mechanism,  ii.  399. 

Meckel,  anatomist,  ii.  248 :  morphologi- 
cal analogies,  251  ;  308  ;  quoted  by 
Huxley,  348;  law  of  "biogenesis," 
349. 
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Medical  faculty,  &c.,  in  German  uni- 
versities, 1.  197;  science  and  phil- 
osophy  of  nature,  209;  medical 
interest,  the,  ii.  207 ;   thermometry. 

Medicine^  i.  126 ;  Austrian  school  of 
198 ;  German  schools  of,  208  ;  influ- 
ence of,  ii.  379. 

Medium,  internal,  ii.  432. 

MelanchthoD,  and  the  first  Protestant 
univ-ersities,  i.  159  ;  educational  work 
of,  2,bo. 

Meldola,  R.,  analytical  and  synthetical 
methods  in  chemical  research  i  457 

xMelloni,  radiant  heat,  ii.  105     '   ' 

Mendeleeff",  D.,  classification  of  the 
elenients,  i.  315  ;  periodic  laws  of 
403,  422,423,  448  ;ii.  362. 

Mental  life  of  mankind,  i.  55 

Meutelle  geography  at  the  Ecole 
norniale,  i.  112. 

Mercator,   i.    157;    his   projection,    ii. 

Merck,    'Annalen  der  Pharmacie,'  ii. 

M^r6,  Chevalier  de,  i.  120. 
Meray,  C.  H.,  on  foundation  of  anal- 
ysis, ii.  704,  734. 
Meridian,   measurement  of  arcs  of,  i. 

yy. 

Merkel,  'Jacob  Henle,'  1.  215,  293. 

Mersenne,  original  member  of  Paris 
"  Academic  des  Sciences,"  i.  228. 

Mesmer,  animal  magnetism,  ii   476 

Metabolism,  ii.  421,  422,  442. 

Metaphysical  treatment  of  "science  in 
Germany,  i.  43. 

Methods  have  their  day  and  are  dis- 
carded, i.  56. 

^668^^^  ^°^  projective  geometry,   ii. 

Meusnier,  i.  115. 

Meyer,^  E.  von,  '  History  of  Chemistry  ' 

^%' 406, 413  ;  quoted,  411  ;  memoirs 

of,  11.  257. 

^^•^o^;/o^"^'  ^'^  ^^story  of  Invariants, 
1.  24/,  308  ;  ii.  677  ;  684  ;  on  Lie  and 
Theory  of  Groups,'  691  ;  on  poten- 
tial theory,  698. 

Meyer,  Lothar,  classification  of  chemical 
elements,  i.  315;  'Modern  Theories 
JL^^o!^^^^*^^''  ^^3  5  periodic  laws  of, 
403,  422,  423;  427;  'DieAtomeund 
ihre  Eigenschaften,'  429,  445;  456; 
Moderne  Theorien  der  Chemie,'  ii 

DO. 

Meyer   0.  E.,  'Die  Kinetishe  Theorie 

^?''''^'',|-  ^^*'  4^^'  437;    quoted 
on  Maxwell,  438 ;  ii.  593. 


Mujhaelis  of  Gottingen  University,   i. 


%t'of^[r4rvtri''?j': 

'Logic,    37,  307,  308  ;  on  th^orv  of 
probabilities,    120,    306;     ii    leg- 

und,Sn«''1?''>'''   307;    opposed   to 
undulatory  theory  of  li^ht   n   S7  •  r.^ 

A  Bain,  511 ;  5lf,  57lf608       '  '  °" 

S  Sit^p'  ^'"H^".^'^  'Miscellaneous 
Scieutihc  Papers,'  ii.  133,  139. 

i!  288         '  ^^^''^^'^^^^  andgeologist, 
Miller,  .W    A     spectrum  analysis,  i. 

1.316  '       '  '^'^^""cal  Physics.' 

Milues-Marshall,  ii.  349. 
Milton    influence  on  German  thought 

and  literature,  i.  212  ;  influence  of,  on 

educational  views  in  England,  253 
"  Mimicry,"  ii.  338.  ' 

"^^529';'54|^'  ^^^  '^  ''^' '  "''  °^J''*^^'^' 

Mines,  Ecole  des,  i.  107. 

Minnigerode,  geometrical  treatment  of 

crystallography,  i.  443. 
Mirabeau,  higher  aims  of,  not  realised, 

Mirbel,  ii.   230 ;  observations  of,  261  • 

cellular  theory,  262. 
Mitchell,  P.  C,  ii.  459. 
Mitchelson.  speed  of  light,  ii.  36. 
Mitscheriich,  E,  i.  174;  chemist,  188; 
190;  discovery  of  isomorphism,  191 ' 
444 ;  services  of,  to  chemistry,  208  ' 
Dalton's  atomic  theory,  246  ;  discovers 
polymorphism,  446. 
Mivart,  St  G^^orge.  ii.  546. 
Mobility  of  living  matter,  ii.  438. 
Mobius,  A.  F.,  his  geometry,  i.  44  •  a 
pupil  of  Gauss.  181.  187  ;  his  writings 
unknown    to    Pliicker,    ii.    76;   and 
Gauss^  652  ;  his  barycentric  calculus, 
655,    724 ;    introduces    homogeneous 
co-ordinates,  681. 
Mohl,  Hugo  von,  "  protoplasm,"  i.  309 ; 
improvements    in    micrometric    pro- 
cesses, ii.  229;  cellular  theory,  262, 
299  ;  protoplasm,  264,  265,  422,  443  ; 
inductive  school  of,  321. 
Mohr,  Karl  Friedrich,  i.  413  ;  scientific 
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work  of,  ii.  106;  "On  the  Nature 
of  Heat,"  107;  indestructibility  of 
force,  111  ;  neglect  of  early  writings 
of,  113,  114  ;  referred  to,  117  ;  corre- 
lation and  interchangeabihty  of  nat- 
ural forces,  119,  124;  "force,  125, 
130;  first  philosophical  generalisa- 
tions on  power  and  work,  137; 
'Gesch.  der  Erde,'  289;  heat  and 
animal  energy,  398. 
Moivre,  De,  the  theory  of  probabilities, 

i.  120 ;  ii.  568  ;  572. 
Molar  dimensions,   special  interest  at- 
tached to,  i.  350. 
Molecular  action,   i.  346;  phenomena, 

astronomical  view  of,  354. 
Molecules,  internal  energy  of,  i.  43b. 
Moleschotr,   materialistic  works  of^  i. 
60 ;    I.if3    of  Georg    Forster,     1/9 ; 
*Kreislauf  des  Lebens,'  ii.  289,  6Z6. 
Moll,    Prof.,    of    Utrecht,    favourable 
criticism  of  science    in   England,    i. 
236 ;  ignorance  of  foreign   languages 
in  England  and  France,  237. 
Molyneux,  space  perception,  ii.  473. 
Monadolog>',  ii.  500.  .^v    •• 

Monboddo,  Lord  (James  Burnett),  ii. 
531 ;  '  On  the  Origin  and  Progress  of 
Language,'  536,  537. 
Monee,  Gaspard,  descriptive  geometry, 
i.  44,  ii.  658,  664,  675,  685  ;  8;eonietry 
at  the  Ecole  normale,  i.  112,  167  , 
'Descriptive  Geometry,'  114;  115, 
147  ;  brass  and  iron  cannons,  148  ; 
152,  187  ;  306  ;  practical  school  of,  ii. 

loo!  ,     ^  ^^  . 

Monro,  Alexander,  Edinburgh  Univer- 
sity, i.  268  ;  ii.  247. 
Monro.  John,  at  Edinburgh  University, 

i.  268. 
Montagu,  Lady  Mary  W.,  inoculation, 

i  284 
Montesquieu  reflects  the  thougrht  of  the 

eighteenth  century,  i.  61 ;  107  ;  study 

of  human  culture,  ii.  529. 
Montgolfier,  indestructibility  of  force, 

"•111-  .CO  A 

Montgomery,     Edmund,     'Space    and 
Touch,'  ii.   472;    article  m   *  Mmd 
quoted,  484. 

Montmort,  Remont  de,  letter  to  Brook 
Taylor,  i.  101;  original  member  ot 
Paris  "  Academie  des  Sciences,    ZZii. 

Montucla,  'Histoire  des  Mathenia- 
tiques'  quoted,  i.  114,  307,  334,  358. 

*  Monumenta  Germanise.'  i.  167. 

Moore,  Thoma-s,  on  an  English  charac- 
teristic, i.  240. 

Morgan,  A.  de,  theory  of  probabilities, 


i.  120  ;  calculus  of  probabilities,  325  ; 
essay  on  probabilities,  ii.  569  ;    641, 

650,709,711.  ,.   ^^ 

Morley,  John,  '  Diderot,  i.  tJ4. 
Morphogenesis,  ii.  549.  ••    onn 

Morphological  view  of  nature,  u.  ^uu ; 

insufficiency    of,   270;    period,  2/4; 

structural  analysis  of  elements,  42d. 
Morphology,  ii.  212;  defined,  219  ;ot 

crystals,  223  ;  on  a  large  scale,  224  ; 

on  a  minute  scale,  227  ;  and  classifi- 
cation, 231 ;  549. 
Morveau,     Guyton    de,    '  Annales    de 

Chimie,'  i.  41. 
Mosander,  pupil  of  Berzelius,  i.  1»». 
Moser,    perfection    of    stereoscope,   ii. 

Mosheim,  "libertas  docendi,"  i.  164. 
Motion,  atomic  and  molecular,  i.  4d/  ; 
in  ancient    philosophy,   ii.    3;    per- 
petual, impossible,  124. 
Motivity,  thermodynamic,  ii.  loo,  oy^. 
Miiir,  Thomas,  ii.  643. 
Muller,  Fritz,  '  Facts  and  Arguments 

for  Darwin,'  ii.  349. 
Muller,  Johannes,  physiology  at  Berlin, 
i     174;    temporarily   influenced  by 
speculative  spirit  in  German  science, 
178;    'Handbuch,'  193;  195;  meta- 
physical leanings  of,  196  ;  school  of, 
?97,  ii.  397,  403  ;  i.  198,  200,  201 ; 
influenced  by  the  Naturphilosophie 
207  ;  freed  under  influence  of  French 
science,  208 ;  211 ;  upheld  the  method 
of  historical  survey  in  science,  21  f) ; 
his  achievements  in  physiolog>',  21/ ; 
-reflex    action,"  263;    292  ;    Bell  s 
theorem,    293,    294;     scientific    re- 
searches of,  ii.  106  ;  117  ;ji^fl\«°.f/ 
Du  Bois-Reymond  and  Helmholtz. 
150  ;  physiological  studies,  208  ;  tne 
cellular  theory,  263  ;    "  vital  force, 
269;    301;    'Physiology,     308,   41/, 
420,   443,  491  ;   381,   384  ;   chemical 
processes  in  the  living   body,   dyi  , 
396;      cellular    theory,     &c.,    418; 
animal  magnetism     4/5    476;    481, 
"specific  energies,     482,  4»d  ,    oiy  , 
Herder's    '  Werke,'    537;    study   of 
language.  538;  on  Steiner,  6/0. 
Muller,  K.  0.,  i.  215. 


Miiller,  Max,   quoted  on  definition  ot 
thought,  i.  4  ;  'Science  of  Language, 

23,  ii.  540  ;  608.  ,  ^   ^,  .      ,.,,. 

Munchausen,  von,  founded  Unlverslt^_ 
of  Gottingen,  with  "libertas  docendi, 

i.  164.  --L     -u    •      ii 

Munk,   experiments  on  the   bram,  n- 

478 ;  479. 
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Munro,  'Lucretius,' ii.  4. 

Miinsterberg,  Dr  Hugo,  psycho-physics, 
ii.  518  ;  experiments,  521. 

Murdoch,  W.,  not  member  of  any  uni- 
versity, i.  239. 

'  Musenalmanach '  of  Schiller  and 
Goethe,  i.  84. 

Museum  d'Histoire  naturelle,  i.  112. 

Nageli,  C.  von,  co-editor  with  Schleiden 
of  'Zeitschrift  fUr  wissenschaftliche 
Botanik,'  i.  195  ;  mechanical  theory 
of  organic  structures,  ii.  224  ;  per- 
fection of  micrometric  processes,  229  ; 
271 ;  inductive  school  of,  321 ;  351  • 
'Miceliar  Theory,'  425,  427,  611; 
Weismann  on,  435  ;  process  of  intus- 
susception, 443;  "idioplasma,"448: 
613.  ' 

Nansen,  Fridjof,  arctic  exploration,  ii. 
207;  quoted  on  the  ubiquity  of 
organic  germs,  453. 

Napier,  John,  logarithms,  i.  94,  269; 
272,  282. 

Napoleon  I.,  relation  to  science,  i.  42; 
offered  prize  for  discovery  of  a  process 
of  manufacturing  carbonate  of  soda, 
92 ;  107 ;  his  influence  on  science, 
149 ;  quoted  from  Thibaudeau,  150 ; 
founded  Universite  Imperiale,  151 ; 
favoured  mathematical  sciences,  ih.  ; 
152 ;  his  scientific  glory  derivative, 
154 ;  statistical  methods  employed  by, 
153  ;  206  ;  animal  magnetism,  ii.  476. 

Aapoleon  III.,  scientific  reports,  i.  42. 

Narbonne,  i.  151, 

Nasse,  Chr.  Fried.,  physiological 
method  in  medicine,  ii.  388. 

Nations,  work  of  the  three,  compared,  i. 
298  ;  disappearance  of  national  difi"er- 
ences,  305. 

Natural  history,  first  public  course  in 
Paris,  i.  143. 

Naturalistic  school  in  France,  i.  75. 

Nature,  history  of,  how  to  be  under- 
stood, i.  2;  philosophy  of,  204; 
P;^>losophy  of,  and  medical  science, 
209 ;  English  love  of,  284 ;  statistical 
view  of,  438  ;  kinetic  view  of,  ii.  1  et 
seq.  ;  physical  view  of,  95  et  seq.  ;  mys- 
tery of  the  actual  processes  of,  366. 

JS  oturphilosophie  of  Schelling  and  Heffel, 

^1-178,  207;  ii.  315.  ^ 

Naumann,  C.  F.,  "morphology  of  the 
surface  of  the  earth,"  ii.  212. 

^^yer,  m^canique  moleculaire,  i.  359; 
JoO,  379  ;  theory  of  elasticity,  ii.  31, 
41 ;  properties  of  the  ether,  33 ;  syn- 
thetic method,  100. 


Nees  von  Esenbeck,  ii.  265. 
Neptnne,  discovery  of,  i.  277. 
Neptunists  and  Plutonists,  i.'283   290 
Nernst,  'Theoretical  Chemistry, ''i.  448 
11.  186.  ' 

Neumann,  Carl,  development  of  astron- 
omical view  of  nature,  i.  366  ;  quoted 
on  provisional  character  of  electrical 
formula,  375;  'Die  Principien  der 
Electrodynamik,'  376;  ii.  186;  on 
potential,  698 ;  and  Dirichlet's  prin- 
ciple, 708.  ^ 

Neumann,  Franz,  the  elder,  mathe- 
matical physics,  i.  44  ;  199 ;  experi- 
ments in  chemistry  of,  429  ;  proper- 
ties of  ether,  ii.  31  ;  analytical  method 
of,  45;  "elastic"  theory  of  ether, 
54;  influences  Helmholtz,  150; 
theory  of  electro-dynamic  phenom- 
ena, 151 ;  193. 
Neumann,  Kaspar,  statistical  tables  of, 

ii.  565. 
Newlands,  periodic  law  of,  i.  422,  423. 
Newport,  his  discovery,  ii.  227. 
Newton,  value  of  work  of,  i.  93  ;  cor- 
rected the  thought  of  Bacon,  95 ;  his 
work    completed    and    amplified   by 
Laplace,    97 ;    mathematical    reason- 
ings of,  substantiated,  99  ;  invention 
of  "fluxions,"  100;  influence  on  the 
popular  mind  inappreciable,  105  ;  118, 
119, 123  ;  contrasted  with  Cuvier,  132  ; 
137  ;  Cuvier  on  the  gravitation  theory 
of,  146  ;  Gauss's  appreciation  of,  181 ; 
discoveries  of,  frequently  forestalled 
by^others,  184  ;  'Principia,' 188,  189, 
227,   ii.  6;  pre-eminent  as  an  exact 
thinker,     i.     222  ;    indebtedness     of 
French  science  to,  226  ;  notation  tf, 
233  ;  and  Young,  244,  ii.  9 ;  Flam- 
steed's  observations,  i.  250  ;  267,  279, 
'282,     311;    "energy,"     312;     317; 
astronomical  instruments,  322 ;   323, 
325 ;  lunar  theory,  329  ;  332  ;  mathe- 
matical   expression    of    astronomy, 
333;    matter  and  force,   334;   "de- 
scription  and  explanation"  of  phen- 
omena, 337;  gravity  not  "essential 
and     inherent,"     340  ;     mechanical 
explanation     of     gravitation,     342 ; 
emanation     hypothesis      of      light, 
344  ;  actio  in  distam,  346 ;  gravita- 
tion,   351,    353 ;    molecular    attrac- 
tion,   354 ;     Horsley's     edition     of 
his     works,      355 ;     correspondence 
with  Cotes  on  molecular  attraction, 
ib.  ;    Hauksbee's    experiments,   356  ; 
358 ;  St  Venant  on,  and  Boscovich, 
360;   idea  of  mass,  362;  370,  372, 
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374 ;  universality  and  accuracy  of 
his  law,  377,  380,  382,  384;  385, 
389,  394,  424  ;  calculation  of  molar 
and  cosmical  phenomena,  439;  "me- 
chanical cause "  of  gravitation,  ii. 
4  ;  5  ;  and  Huygens,  6  ;  method  of, 
8  ;  Euler's  opposition  to,  ih.  ;  insuffi- 
ciency of  emission  theory,  14,  15  ; 
suggested  both  theories  of  light,  17  ; 
recognised  "polarity"  of  light  rays, 
22 ;  general  laws  of  motion,  29  ;  for- 
mula of  attraction,  44  ;  referred  to, 
62  ;  and  the  French  school  of  physi- 
cal astronomy,  79 ;  scientific  terms, 
95;  'Principia'  and  the  modern  no- 
tion of  energy,  99,  100,  140  ;  vibra- 
tory view  of  heat,  104  ;  laws  of  mo- 
tion, 143 ;  astronomical  researches, 
227 ;  Darwin  and,  compared,  341 
et  seq. ;  344  ;  universal  gravitation, 
351;  364,  467;  optics,  480;  and 
Gauss  compared,  630  ;  634,  638,  643  ; 
his  theorem  on  equations  proved  by 
Sylvester,  680  ;  706,  733  ;  science  and 
religion,  742  ;  751. 

Newtonian  formula  the  basis  of  physi- 
cal astronomy,  i.  375  ;  unique ^as  to 
universality  and  correctness,  377  ;  is 
it  a  universal  law  ?  378. 

Newtonianism  created  by  Voltaire,  i. 
250,  251  ;  dispelled  Cartesian  physi- 
cal philosophy  in  France,  433. 

Nichol,  John,  on  Francis  Bacon  and 
his  forerunners,  i.  94. 

Nichol's  '  CA'clopaedia,'  ii.  133. 

Nicholas  V.,  Pope,  and  the  University 
of  Glasgow,  i.  268. 

Nicholson  and  Carlisle,  scientific  dis- 
covery  of,  i.  229. 

'Nicholson's  Journal,'  i.  41,  ii.  104. 

Nicol,  'Crystallography,'  i.  117. 

Nicomachus,  ii.  207. 

Niebuhr,  B.  G.,  his  indebtedness  to 
Gibbon,  i.  169 ;  212. 

Niebuhr,  Karsten,  on  Tobias  Mayer,  i. 
158. 

Niepce,  photography,  ii.  506. 

Nietzsche,  idea  of  recurrent  cycles,  ii. 

287. 

Nilson,  discovery  of  scandium,  i.  423. 

Nineteenth  century  not  one  of  revolu- 
tion, i.  77. 

Nobili,  animal  electricity,  ii.  475. 

Nomenclature,  importance  of,  in 
science,  i.  131. 

Non-Euclidean  geometr>%  ii.  652  et  seq.  ; 
Klein  on,  653 ;  712,  715 ;  Halsted 
and  Schlegel  on,  714;  criticised  by 
Lotze,  716. 


Nordenskiold,  pupil  of  Berzelius,  i. 
188. 

'  North  British  Review '  quoted  on 
Scotch  educational  movement,  i.  254. 

Norwood,  determined  length  of  a  de- 
gi-ee,  i.  97. 

Nother,  M.,  on  Sophus  Lie,  ii.  690,  691  ; 
and  Klein,  720.     See  Brill. 

Number  tt,  ii.  721  ;  and  e,  transcendent 
nature  of,  731. 

Numbers,  theory  of,  ii.  680 ;  revived 
by  Legendre  and  Gauss,  ib.  ;  general- 
ised, 726;  transcendental,  727,  730; 
corpus  of,  728  ;  algebraic,  729. 

Objective  mind,  ii.  529. 

Observation,  insufficiency  of   mere,   i. 

.328. 
Observatory,   Greenwich,   built,  i.   98 ; 

Pulkowa,  i.  99. 
Odling,  chemical  researches  of,  i.  414. 
Oersted  referred  to,  i.  238  ;  discovery 
of  electro-magnetism,   92,   207,   370, 
371 ;  discoveries  of,  366  ;  electric  cur- 
rents,  367 ;    importance  of   his  dis- 
coveries,    372 ;    indestructibility    of 
force,  ii.  Ill,  125;  electrical  phenom- 
ena, 146. 
Oettingeu,   von,    ii.    185 ;    statistician > 

557,  563,  585. 
O'Connell,  Daniel,  i.  240. 
Ohm,   G.   S.,    Fourier's  series,  i.  241; 
anticipated  by  Cavendish,   363;   ac- 
curacy of  his'law,  365;  electro-mag- 
netic measurements,  ii.  78  ;  galvanic 
currents.    79 ;  electrical  phenomena, 
146  ;  law  of,   147  ;    resonance,   487 ; 
508  ;  on  harmonics,  623. 
Oken,  originated  scientific  associations 
in  Germany,  i.  42 ;  exponent  of  the 
Naturphilosophie,    207;    238;    'Ele- 
ments  of  Physio -philosophy,'  283; 
founded    "  Naturforscher  -  Versamm- 
lung,"  298  ;  anatomical  analogies,  ii. 
251 ;  development  of  Goethe's  views, 
256  ;  influences  Owen,  308  ;  natural 
philosophy,   315;    the  genetic  view, 
317,  321  \  evolution,  354 ;  508. 
Olbers,  Heinr.  Wilh.  Mat.,  rediscovers 
Ceres,  i.  54,  82;  astronomical  work 
of,  176  ;  biographical,  177  ;  calculates 
orbit  of  Ceres,  182  ;  correspondence 
with  Gauss,  185,  304. 
Oldenburg,  i.  283. 
Oltramare  on  Abel,  i.  187. 
Operations,  inverse,  ii.   639  ;    diflFerent 
kinds  of  mathematical,  640  ;  calculus 
of,  ih.,  655,  684;  Hankel  on,  640; 
Peacock  on,  ih. 


Operator,  ii.  655. 

Oppolzer,  Vienna  school  of  medicine  i 
198 ;  208. 

Opthalmoscope,  Helmholtz's  invention 
of,  i,  200. 

Optics,  ii.  485. 

Order,  ii.  556;  theory  of,  678;  and 
unity,  742  et  seq.  ;  745. 

Organic  substance,  first,  produced  arti- 
ficially, i.  92  ;  compound,  preparation 
of,  by  Wohler,  191  ;  substances,  syn- 
thesis of,  ii.  425. 

Organisation,  problem  of,  ii.  236 ;  415. 

Organs,  study  of  separate,  ii.  233. 

Os.sian,  i.  212. 

Ostwald,  *  Die  Energie  und  ihre  Wand- 
lungen,'  i.   380;     "energy"  a  sub- 
stance,  388;    on  BerthoUet's  views, 
393;  'Classiker  der  exacten  Wissen- 
schaften,'  427  ;  '  Allgemeine  Chemie,' 
443,   ii.    176;    '  Allgemeine  Chemie' 
quoted,  i.  444,  445;  "Physikalische 
Chemie,"  457,  ii.  159,  160 ;  principle 
of   energetics,     125,     142  ;    physical 
chemistry,    153;     chemical    affinity, 
157,  159;  165;  memoirs  of  W.  Gibbs, 
171  ;  second  law  of  thermo-dynamics,' 
174;   criticism   of  mechanical   view 
183 ;  quoted,  187. 
Otto,  translation  into  German  of  Thos. 
Graham's  'Elements   of   Chemistry,' 

Owen,  Robert,  co-operation,  ii.  566. 

Owen,  Sir  Richard,  i.  42;  palaontol- 
ogical  work,  ii.  257  ;  the  term  "hom- 
ology," 268;  influenced  by  Oken, 
259 ;  extension  of  morphological 
view,  260;  Cuvier's  position  unten- 
able 267 ;  quoted,  268;  morphol- 
ogical view  of  nature,  276  ;  parthen- 
ogenesis, 456. 


Packard,  A.  S.,  'Lamarck,  his  Life  and 

Work,'  ii.  312,  351. 
Page,  '  Text-Book,' ii.  363. 
Pame,    Thomas,    'Age  of   Reason,'  i. 

84. 

Palaeontology,  science  of,  created  by 
J"Tier  i.  131 ;  Cuvier's  work  in,  ii. 
•^47 ;  363. 

Paley,  philosophy  in  English  universi- 
ties  represented  by,  i.  254. 

Pallas,  travels  of,  ii.  247,  337. 

Pambour,  de  (see  Zeuner),  ii.  133. 

Pander,  ii.  299,  303. 

Pangenesis,  ii.  271,  454,  610  et  seq. 

Paper  duties,  i.  237. 

Paradoxes  in  mathematics,  ii.  732. 

Parallel  lines,  axiom  of,  ii.  518,  717. 


Paris,  the  focus  of  scientific  thought,  i. 

Paris    Academy    ridiculed    the  fall  of 

-nff?''%-^-   ..^.^^'     competition    on 
Distraction,"  ii.  24. 

Paris  Institute,  i.  226. 
Parker,  Prof.,  quoted,  ii.  345. 
Parmenides,  unity  of  all  existence,  ii.  3. 
rartheuogenesis,  ii.  456. 
Pascal,    Blaise,    his    contributions    to 
science  beyond  those  of  Bacon,  i.  94  • 
the  theory  of  probabilities.   120,  ii. 
568  ;  667. 
Pasteur,  discoveries  of,  i.  431 ;  the  car- 
bon tetrahedron,  451;    "redintegra- 
tion," ii.   387;   414;  bacteriological 
investigations,     415;     discovery    of 
"chirality,"437. 
Pathology    pre-eminently    a    German 

science,  i.  216. 
Pattison,  Mark,  meaning  of  "thought," 

1.  25  ;  on  Bentley,  quoted,  169. 
Paulmier,  first  maps  of  Greece,  i.  295. 
Paulsen,  F.,  '  Geschichte  des  gelehrten 
Unterrichts  auf  den  deutschen  Schu- 
len  und  UniversitJiten,'  i.  159,  160, 
163,  164,  166 ;  on  Lotze  and  Fechner, 
200;  'Die  deutschen  Universitaten,' 
214. 

Peabody,  C.  H.,    'Thermodynamics  of 

the  Steam-Engine,'  ii.  136. 
Peacock,  G.,  i.  18;  introduction  of 
Continental  mathematics  to  Cam- 
bridge by,  233  ;  'Life  of  Dr  Young,' 
quoted,  245,  417,  ii.  20,  21,  23,  26  ; 
educational  movement  promoted  by, 
i.  261  ;  and  the  Analytical  Society, 
271 ;  Young's  'Miscellaneous  Works,' 
11.  9;  his  "report"  quoted,  640, 
645;  referred  to  by  Hankel,  641; 
his  history  of  arithmetic  referred  to, 
645  ;  654  ;  709,  711. 

Peano,  G.,  ii.  QbQ,  734,  737. 

Pearson,  Prof.  Karl,  i.  398,  ii.  30; 
Todhunter's  'History  of  Elasticity,' 
33;  'History  of  Elasticity'  quoted, 
43  ;  quoted  on  labours  of  Neumann, 
54  ;  modern  theory  of  elasticity,  56  ; 
*  Grammar  of  Science,'  183  ;  phenom- 
ena of  heredity,  574;  mathematical 
theory  of  evolution,  621  et  seq.  ;  and 
Bateson,  623  ;  737. 

Pearson,  William,  i.  '289. 

Peel,  Sir  Robert,  ii.  265. 

Pelletan,    a    founder    of    comparative 
anatomy,  ii,  386. 

Peltier,  phenomenon,  ii.  143. 

Percival,  A.  S.,  '  Optics '  quoted,  ii.  53. 

Percy,  Ballads,  i.  212 ;  ii.  537. 
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Perier,  Edmond,  *  La  Philosophie  Zool- 
ogique  avant  Darwin'  quoted,  ii.  309, 
322.  „ 

Periodic  law  of  Mendeleeff,  i.  315,  422. 

Periodicals,  scientific,  the  oldest,  i.  41. 

Permanence  of  formal  rules,  principle 
of,  Hankel's,  ii.  712. 

Perrault,  plan  of  co-operation  proposed 
by,  i.  99.  . 

Perry,  calculus  for  engineers,  ii.  636. 

Perthes,  C.  T.,  'Politische  Zustande 
und  Personen  in  Deutschland  zur  Zeit 
der  franzosischen  Herrschaft,'  i.  133, 

256.  ^    .    ^- 

Perthes,   Frederick,  Memoirs  of,  i.  39, 

279. 
Pertz,  first  editor  of  '  Monumenta  Ger- 
manise,' i.  158. 
Peschel,  0.   F.,  'Geschichte  der  Erd- 
kunde,'  i.  291.  .       , 

Pestalozzi,  i.  163,  253 ;  his  educational 
influence  in  Germany,  257  ;  began  the 
purely  educational  movement,   258 ; 
inspired  by  Rousseau,  259. 
Peter  the  Great,  i.  153. 
Petermann,  geographical  establishment 

at  Gotha,  i.  167. 
Petit,  i.  107.  .    „^ 

Petty,  Sir  William,  statistics,  i.  12^ ; 
(see  Arundel)  collection  of  relics^  295  ; 
'  Political  Arithmetic,'  ii.  562  ;  564. 
Pfefifer,  W.,  labours  of,  ii.  165  ;  cellular 

substances,  373. 
Pfleiderer,  E.,  *  Philosophie  des  Heraklit 

von  Ephesus,'  ii.  3.  ..    .^a 

Pfluger,  E.,  "proteid"  theor>^  ii.  42b  ; 
"  laws  of  reflex  action,"  519  ;  on  com- 
pound organic  molecule,  611. 
Phalaris,    Epistles  of,    Bentley's    con- 
troversy about  the,  i.  169. 
"  Philanthropinism  "  of  Basedow,  i.  Ibo. 
Philip  of   Hesse,  first   Protestant  uni- 
versity founded  by,  i.  159. 
Phillips.     SeeCombas. 
Philosophical  faculty,  development^  ot, 

in  German  universities,  i.  164,  19/. 
*  Philosophical  Magazine  and  Journal  ot 
Sciences,'  i.  41,  ii.  48,  50,  55,  58  69, 
75,  85,  97,  109  ;  on  Carnot  the  elder, 
139  ;  480.  ..     ^_  , 

Philosophical  theories,   ii.    346;  prob- 
lems, 352,  743;  thought,  geographical 

centre  of,  750.  ,    •     co    ck 

Philosophy,    definition  of,   i.    oZ,   bD  . 
intermediate    between    science    and 
religion,  71,  73  ;  and  science,  conflict 
between,  205  ;  and  science,  311. 
Phlogiston,  i.  388,  u.  153. 
Phonetics,  ii.  539. 


"Phoronomie,"  ii.  5. 
Phrenology,  ii.  476. 
Phylotaxy  and  phylogenesis,  u.  308. 
Physical  and  chemical  reasoning  con- 
trasted, i.  424. 
Physical  view  of  nature,  ii.  95. 
"Physical"  method,  ii.  428. 
Physics  and  statistics,  ii.  589. 

♦  Physik,  Annalen  der,'  Gilbert's,  i.  41, 
'  Physik,  Journal  der,'  Gren's,  i.  41. 

'  Physikalische  Gesellschaft '  of  Berlin, 

i.  42. 
Physiocrats,    so  -  called,   referred  to,  i. 

16;  ii.  529.  ^.  .  . 

Physiological,  units,  ii.  272  ;  division  of 

labour,  396  ;  psychology,  512. 
Physiology   pre  -  eminently   a   German 

science,  i.  216. 

*  Physique,  Journal  de,'  i.  41.    ^ 

'  Physique,  Observations  sur  la,  i.  41. 
Phytotomy,  ii.  260.  .  . 

Piazzi  discovers   Ceres,  i.  54,  e2,  i//, 

182  423. 
Picard,  Ch.  E.,   '  Traite  d' Analyse,'  ii. 

Picard,  Jean,  calculations  of,  i.  97  ;  as- 
tronomical constants,  322  ;  "  inetho.ls 
of  dealing  with  astronomical  errors  of 
observation,"  324. 

Picavet,  F.,  *  Les  Ideologues,  i.  149, 
152,  ii.  470  ;  quoted,  472. 

Pictet,  condensation  of  permanent  gases, 

i.  316.  ,      . 

Piderit,  Ph.,  mimicry  and  physiognomy, 

ii-  477.  /?  •    1Q1 

Pinel,  medical  nomenclature  of,  i.  lol- 
Pitcairn,    medicine    in    alliance    with 

mechanics,  i.  126. 
Plana,  lunar  theory,  i.  329. 
Planck,  Max,  *  Das  Princip  der  Erlial- 

tung   der   Energie,'  ii.   9/,    99,  lOb, 

197;    'Thermodynamik,'    142,    lob; 

159  ;  labours  of,  165  ;  works  of,  184. 
Planta,      Martin,     the     forerunner  ot 

Pestalozzi,  i.  258. 
Platen,  i.  213.  r   •    -.  . 

Plato,   constructive   system  ot,  i-  ji  J  ' 

views  of  Heraclitus,  ii.    3  ;    4.  24b  ; 

archetypes,    259;    his    mathematics, 

633.  ^  f      i 

Playfair,  John,  scientific  work  ot,  i. 
229 :  criticisms  of,  on  science  in 
England,  231;  review  of  Laplace  s 
'Mecanique  celeste'  quoted,  26'. ', 
biographical,  ib. ;  tribute  to  Colm 
Maclaurin,  ib.  ;  234  ;  quoted,  2db  ; 
270  272  ;  *  Huttonian  Theory  of  the 
Earth,'283,ii.  292,  356;579 

Plucker,  Julius,  geometry,  i.  44  ;  l»/ 
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geometrical  labours  of,  neglected  in 
Germany,    242 ;    spectrum    analysis, 
278 ;  researches  of,  ii.  75 ;  electrical 
researches,  189;  on  "singularities  of 
curves,"  641  ;    670 ;    new  geometry, 
671 ;  672 ;   deficient  in  elegance,  677, 
682  ;  and  Soph  us  Lie,  692 ;  on  higher 
curves,  700. 
Plutonists.     See  Neptunists. 
Poggendorf,   'Annalen,'  i.  43,  ii.   128, 
133,   169,   487;   refused  Helmholtz's 
'Ueber  die  Erhaltung  der  Kraft,'  i. 
205 ;  Dictionary  of,  silent  about  Avo- 
gadro,  428 ;   refused  Mohr's   '  Ueber 
die  Natur  der  Warme,'  ii.  107. 
Poincare,    H.,    lectures    on    Maxwell's 
theories,  i.  251;  on  indefiniteness  of 
electro-magnetic  theory,    ii.    93 ;   as- 
tronomical   mechanics,     101  ;     Paris 
Address,    1900,    188;    discourse    of, 
199 ;  quoted,  635  ;  quoted  on  Weier- 
strass,    638    et   seq. ;    703,   705;    on 
"function,"  639;  Qm,  690;  on  Rie- 
mann    and    Weierstrass,    707,    708 : 
tot. 
Poinsot,  ii.  5 ;  ''geometrical mechanics," 

101 ;  on  synthetic  method,  670. 
Poisson,   mechanics,  i.  44;    188,  345; 
electricity,  347;    "  mecanique  mole- 
culaire,"  359  ;  360  :  analysis  of,  362  ; 
370;   Newton's  law,   379;   Fresnel's 
calculations,    ii.    25 ;    retired    from 
commission    on    Fresnel's   theory  of 
transverse  vibrations,  26  ;  theory  of 
elasticity,  31,  41  ;  32 ;   properties  of 
ether,  33  ;  referred  to  by  Faraday,  69  ; 
formula  of,  72  ;  theory  of  electric  and 
magnetic  phenomena,  74  ;   '  Memoire 
sur    la    Theorie     du     Magnetisme ' 
quoted,   75 ;    referred  to,   76 ;    474 ; 
science  of  chances,  568  ;  on  conver- 
gency,    646;     on    Jacobi,    657;    on 
synthetic  method,  670  ;  686. 
Polarisation  of  light,  ii.  22. 
''  Polarity,"  origin  of  the  word,  ii.  22. 
Polymorphism,  i.  446. 

'Polytechnic    Journal,'    Dingler's.    ii. 
134.  ^ 

'  Poly  technique,  I'Ecole,  Journal  de,'  i. 
41. 

Poncelet,  J.  V.,  mathematics,  i.  45; 
new  science  of  geometry,  114 ;  187  ; 
definitions  of  horse-power  and  work, 
309,  360,  ii.  5 ;  '  I'raite,'  76,  660  ; 
Mecanique  industrielle,'  100;  prac- 
tical school  of,  ib.;  his  influence  on 
practical  mechanics,  101 ;  thermotics, 
118  ;  first  definite  use  of  new  con- 
ceptions of  power  and  work,   137; 


Qo^etseq.;  his  principle  of  continu- 
ity criticised  660  ;  quoted,  662  ;  on 
«AQ  i'iS^^  and  "reciprocity," 
68t'68^fb2:^^'^^^^^---«'^^'^ 

^°^o'oo^°^  member  of  any  university, 
I.  2d8.  "^ 

Poole   *  Index  to  Periodical  Literature,' 

Pope  influence  of,  on  German  thought 

and  literature,  i.  212. 
Popper,  Jos.,  ii.  185. 
Positivism,  i.  307. 
Potential,  ii.  698. 
Pouillet,  Ohm's  law,  i.  365  ;  influenced 

German  thought,  ii.  101 ;  heat  experi- 
ments, 357. 
Poulton,  Weismann's  Essays,  ii.  372. 
Power  Series,  Infinite,  ii.  707. 
"Power,"    the    term,    introduced    bv 

Watt,  ii.  99. 
Poynting,      Prof.,      contributions     to 

Maxwell's  electro-magnetic  theory,  ii. 

72  ;  193  ;  and  Thomson's  '  Text-book 

of  Physics,'  Sound,  489. 
Practical    Problems,    solidarity    of,    i. 

Preston,  T.,  ii.  361. 
Prevost,  theory  of  exchanges,  ii.  46. 
Preyer,    Prof.    W.,    theory    of   "Pan- 
permia,"  ii.  369 ;  school  of  Darwin- 
ism in  Germany,  436  ;  470. 
Priestley,  cbemical  discoveries  of,  i.  115  ; 
155;    scientific  discoveries  of,    229; 
not  member  of  any  university,  238, 
272  ;  '  History  of  Optics,'  358,  ii.  9  ; 
follower  of  Boscovich,   i.  359 ;    and 
Lavoisier,  386,  387;  effect  of  plants 
on  air,  ii.  .391. 
Prime  numbers,  ii.  722  et  seq. 
Pringle-Pattison.     See  Seth. 
Priugsheim,  A.,  on  theorv  of  functions, 

ii.  693  ;  734,  739. 
Pringsheim,  N.,  observations,  ii.  447. 
Pritchard,     "  immersion  "    system    in 

microscope,  ii.  228. 
Probability,  theory  of,  i.  118,  ii.  566. 
Prochaska,  "reflex  action,"  i.  292;  ii. 

519. 
Proclus  on  Greek  mathematicians,  ii. 

634. 
Progress,  intellectual,  two  factors  of, 

i.  27. 
Projection,  method  of,  ii.  663. 
Projective  and  metrical  geometry,   ii. 

668 ;  properties,  717. 
Proportions,  fixed,  rule  of,  i.  392  ;  mul- 
tiple, rule  of,  398. 
'  Protogcea '  of  Leibniz,  ii.  277,  2S0. 
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Protoplasm,  i.  309,  ii.  264 ;  theory  of, 
444. 

Proust,  theory  of  fixed  proportions,  i. 
393 ;  defeated  BerthoUet's  doctrine  of 
chemical  affinity,  394  ;  398,  416. 

Prout,  organic  analysis,  i.  190 ;  on 
hydrogen,  230;  hypothesis  of,  402; 
theory  of  nature  of  elements,  ii.  192  ; 
Bridgewater  Treatise,  325. 

Psychology,  ii.  465  et  seq.  ;  mathemati- 
cal, 498. 

Psvcho  -  physical  aspect  ot  nature,  u. 

218,  465. 
Psycho-physics,  E.  H.  Weber's  law  of, 

1.  196;   198,  ii.   465  et  seq.,  469;  of 

vision,    504 ;    three    facts    impressed 

by,  545. 
Purkinje,    founded    first    physiological 

laboratory,  i.  188  ;  198,  208  ;  follower 

of  Baer,  ii.  300. 
Pusey,  E.  B.,  quoted  on  English  and 

German  writers,  i.  261. 
Putter  of  Gottingen  University,  i.  165. 
Pythagoras,  unitv  of  all  existence,  ii. 

3 ;  school  of,  286 ;  the  octave,  490  ; 

his  mathematical  ideas,  633. 

Quantics  and  "tactics"  in  mathematics, 

ii.  683. 

'Quarterly  Review,'  literary  criticism 
of,  i.  84  ;  236,  239  ;  quoted  on  educa- 
tional matters  in  England,  255 ;  Young 
quoted,  ii.  20. 

Quaternions,  ii.  654 ;  introduced  into 
Germany  by  Hankel,  712 ;  717. 

Quatrefages,  de,  of  the  "Association 
Fran(?ai.se,"  quoted,  i.  298. 

Quesnay,   economic   system    of,   i.   16, 

10?. 
Qu'^t,  experiments  with  vacuum  tubes, 

ii.  190. 
Quetelet,  statistics,  i.  122,  u.  563,  588  ; 

555,  556,  557  :  theory  of  error,  574  ; 

theorv  of  probabilities,  579  ;  quoted, 

580,  581,^587,  607,  609;  the  "mean 

man,"  617. 
Quincke,  foam  theory  of,  ii.  427. 

Rademacher,  his  empiricism  in  medical 

science,  i.  210. 
Baramelsberg,  i.  174. 
Ramsay,   Prof.,  discovery  of  argon,  i. 

423. 
Ramsden,  i.  177 ;  astronomical  instni- 

ments,  322. 
Rankine,    Vlacquorn,    improvement    in 
.steam  -  endues,    i.     93;     "  thermo- 
dvnamic  function,"  316,  ii.  169  ;  the 
steam-engine,  i.  331,  ii.  133  ;   theor- 


etical thermo  -  dynamics,  62  ;  mol- 
ecular vortices,  63,  82 ;  technical 
mechanics,  101  ;  revival  of  interest  in 
the  ideas  of  "energy,"  114;  on  the 
mechanical  equivalent  of  heat,  128 ; 
Prof.  Unwin's  account  of  theories  of, 
135  ;  elaboration  of  Joule's  and  Reg- 
nault's  experiments,  137  ;  energy, 
"potential"  and  "actual,"  139,  140, 
174 ;  reply  to  Sir  J.  Herschel,  139 ; 
physical  view  of  nature,  141  ;  theory 
of  energy,  166 ;  168, 173 ;  heat  engines, 
175  ;  mechanical  analogies  of  heat, 
178 ;  entropy,  169,  181  ;  thermo- 
dynamics, 603. 

Raoult,  researches  of,  ii.  164,  165. 

Rathtke,  ii.  300. 

Rau,  A.,  '  Theorien  der  modernen 
Chemie,'  i.  406,  414,  430,  455. 

Rauber,  '  Formbildung  und  Forni- 
storung  in  der  Entwickelung  von 
Wirbelthieren,'  ii.  401. 

Ray,  John,  botanist,  i.  282  ;  classifica- 
tion of  living  beings,  288. 

Rayleigh,  Lord,  discovery  of  argon,  i. 
423;  quoted,  ii.  170;  "free  energy," 
173;  optical  researches,  229;  'Sound,' 
488,  490. 

"  Realschule,"  i.  166. 

Reaumur,   referred  to  by   Voltaire,   i. 

105. 
Reciprocity    of  figures,    ii.    663;    Ger- 

gonne  on,  666. 

Records,  contemporary,  value  of,  i.  8, 

Redtenbacher,  *  Dynamiden  System,'  i. 
433  ;  influenced  by  Poncelet,  ii.  101 ; 
heat,  178. 

Registration,  ii.  561. 

Reguaud,  i.  150. 

Regnault,  chemistry,  i.  44 ;  245 ;  in- 
vestigated specific  heat  of  chemical 
compounds,  429 ;  influenced  German 
thought,  ii.  101  ;  experimental  work 
of,  137 ;  "  Observations  on  Steam," 
139  ;  a  founder  of  physical  chemistry, 

152. 

Rehnisch,  statistics,  ii.  587. 

♦  Reid,  Thomas,  Life  and  Writings  of, 

by  Dugald  Stewart,  i.  84. 
Reiff,  R.,  his  history  of  series,  ii.  646. 
Reiz,  indebtedness  to  Bentley,  i.  169. 
Renaissance,  period  of  the,  i.  67. 
Renan,  testimony  to  work  of  German 

universities,  i.  225.  .     , 

Rendu,  Ambroise,  'Code  Universitaire 

quoted,  i.  150. 
Reports,  annual,  on  scientific  progress, 

i.  42. 
Reproduction,  ii.  443. 


Repsold,  measurements  of,  i.  322. 
Retrospect  and  prospect,  ii.  741  et  sen. 
Reuchlin,  i.  163. 
Revett.     See  Stuart. 
Revolution,  French,  added  the  modern 
practical  popularisation  of  science,  i. 
145. 
Revolutionary  theories  not  practical,  i. 

79. 
Reye,  '  Geometrie  der  Lage,'  ii.  669. 
Ribbeck,   '  Friedr.    Wilh.  Ritschl.,'    i 

169,  173. 
Ribot,    'Modern  German  Psychology,' 
ii.    495;     'Psychologic     Allemande 
Contemporaine,'  511  ;  513. 
Richelieu,   his   "metallic"  interest  in 
science,     i.     105;     first     statistical 
bureau,  ii.  561. 
Richelot  at  Kdnigsberg  with  Neumann 

and  Bessel,  ii.  54. 
Richter,  astronomical  constants,  i.  322  ; 

pendulum  experiments  of,  354. 
Richet,  Ch.,  '  Physiologic  des  Muscles 

etdes  Nerfs»,'i.  293,  ii.  519. 
Richter,  J.  B.,  chemical  equivalents,  i. 
189 ;  313 ;  theory  of  fixed  proportions, 
393  ;  398  ;  atomic  theory,   416  ;  the 
"  equivalent "  of  an  element,  419. 
Richter,  W.,  theory  of  "Panspermia," 

ii.  369. 
Riecke,    memoir   of   PlUcker,   ii.     75; 

Eloge  of  Weber,  197. 
Riemann,  B.,  i.  45  ;  '  Hypothesen  der 
Geometric,'    200;     Fourier's    series, 
241  ;  celebrated  dissertation  of,  243 ; 
views    on     ideas     of     space,     352  ; 
'Werke,'    ii.     63;    researches     into 
electrical  phenomena,  67  ;  254,  635  ; 
and  Cauchy,  693,   699;  on  Abelian 
functions,  699  ;  his  work,    700  ;  his 
surface,  701 ;  704,   706 ;  and   Weier- 
strass  compared,  707 ;  on  hvpotheses 
of  geometry,  710  ;  717,  718'. 
Riess,    frictional    electricity,    i.    205  ; 
statical  electricity  and  the   Geissler 
tubes,  ii.  191. 
Rindfleisch,  Ed.  von,  '  Arztliche  Phil- 

osophie,'ii.  379,  437. 
Ritschl,  Friedr.  Wilh.,  indebtedness  of, 
to  Bentley,  i,  169  ;  quoted,  172  ;  con- 
ducted philological  seminaries,  214  ; 
language,  ii.  540. 
Ritter,  Karl,  comparative  geography,  ii. 
226;  extension  of  morphological  view. 
260  ;  300. 

^^ifj"'  construction  of  the  heptagon,  ii. 

Robertson,  Croom,  calls  Hobbes's  the 
first  English  system  of  philosophy,  i. 


48;  282;  'Mind,' ii.  512;  on  Mun- 

sterberg's  work,  522. 
Robertson,  David,  naturalist,  i.  288 
Roberval,   referred  to  by  Voltaire,   i. 

105  ;  taught  at  the  College  de  Fraice, 

Robespierre,  i.  107. 

^266  '  '  ^""^'^^  ^'Anatomic  generale, '  ii. 

Robison  John    on  Boscovich's  theory, 
J.    ^58,     359:   publisher  of   Black's 
lectur6s,  ii.  102. 
"Rochdale  Pioneers,"  ii.  566 
Rochow,  von,   educational  work  of,  i. 

Rogers,  W.  G.,  illustrations  of  Helm- 

holtz  s  theories,  ii.  63. 
Rokitansky  Vienna  school  of  medicine, 

1.  lyt),  ^08. 

Roman  system  of  registration,  ii.  561 
Romanes,    '  Darwin  and  after  Darwin  ' 
ii.  346;  436.  ' 

Romanticism,  reactionary  movement  of 
i.  82.  ' 

Romberg,  medical  school  of,  i.  208. 

Rome  de  I'lsle,  contributions  to  crystal- 
lography, i.  117,  118,  ii.  241. 

Romer,  Claus,  motion  of  light,  ii.  10 

Romme,  Gilbert,  quoted,  i.  110. 

Rontgen,  discovery  of  X  rays,  ii  92. 

Roscher,  'Gesch.  d.  National-Oekono- 
mik,'  ii.  555  ;  statistics,  563. 

Ruschlaub  influenced  by  the  2^atur- 
philosophie,  i.  207. 

Roscoe,  Sir  H.,  'John  Dalton,'  i.  417. 

Rose,  H.,  i.  174;  the  greatest  analyt- 
ical chemist  of  the  century,  399. 

Rose,  H.  and  G.,  chemists,  i.  188. 

Rosenberger,  'Geschichte  der  Physik  ' 
i.  308,  359,  433,  ii.  8,  11,  178,  506 ; 
'  Die  moderne  Entwickelung  der 
elektrischen  Principien,'  90  ;  physical 
nature  and  "perpetual  motion,"  124. 

Rosenkranz  on  the  encyclopaedists,  i.  34. 

Ross,  Sir  James,  confirms  calculations 
of  Gauss  as  to  south  magnetic  pole,  i. 
331.  ^ 

Rothmann,  i.  157. 

Rousseau,  influence  on  Herder,  i.  50  ; 
gospel  of  nature,  51 ;  and  the  "  Auf- 
klarung  "  period,  60  ;  107  ;  destruc- 
tive revolutionary  work  of,  110 ; 
popularised  botanising,  127  ;  centre 
of  reaction  against  school  of  Voltaire, 
Buffon,  &c.,  145  ;  163  ;  influence  of, 
on  German  thought  and  literature, 
212  ;  253,  256 ;  valuable  side  of  his 
ideas  developed  outside  of  France, 
259  ;  285,  ii.  415 ;  language,  536. 


796 


INDEX. 


INDEX. 


797 


n 


Roux.  Wilhelm,  *  Entwickelungsmech- 
anik  des  embryo,'  ii.  401 ;  *  Struggle 
of  the  Parts  in  the  Organism,'  436  ; 
quoted,  444  ;  "organicisrae,"  455. 

Rowland,    spectroscopic    observations, 

ii.  361.  ^      ^^^ 

Royal  Institution  founded,  i.  89,  264, 

ii.  139. 

Royal  Society  of  Edinburgh,  i.  269. 

Royal  Society  Catalogue  of  Scientific 
Papers,  i.  40  ;  '  Transactions  '  of,  41 ; 
founded,  89  ;  227,  228  ;  unfavourably 
criticised  by  Babbage,  233  ;  favour- 
ably criticised  bv  Cuvier,  235  ;  by 
Prof.  Moll  of  Utrecht,  236  ;  ii.  69  ; 
Kaspar  Neumann's  statistical  tables, 

565. 

Rubidium  found  by  Kirchhoff  and  Bun- 
sen,  ii.  49. 

Ruckert,  imitation  of  oriental  poetry, 
i.  213  ;  •'  Chidher  "  quoted,  ii.  289. 

Rudolf  II.,    Emperor,    and   Tycho,   iv 

Rudoiph,  '  Grundriss  der  Physiologic,' 

ii  499. 
Rudolphi,  ii.  230,  261. 
Ruffini,  Paolo,  and  theory  of  groups,  ii. 

688.  ,  ^    .. 

Riihlmann  influenced  by  Poncelet,  ii. 

Rumford,  Count  (Benjamin  Thompson), 
mechanical  theory  of  heat,  i.  83; 
155  ;  experiments  of,  229  ;  not  mem- 
ber of  any  university,  238 ;  246 ; 
founded  Roval  Institution,  248,  264 ; 
the  steam-engine,  331  ;  the  kinetic 
view  of  nature,  ii.  8 ;  investigations 
of  the  nature  of  heat,  102  ;  '*  Inquiry 
concerning  the  Source  of  the  Heat 
which  is  excited  by  Friction,"  103  ; 
Daw's  speculations  on  light  and 
heat,  104;  experiments  utilised  by 
Helm  in  his  '  Energetik,'  109. 

Runge,  C,  spectroscopic  observations, 
ii.  361,  362. 

Russell,  Hon.  Bertrand.  his  writmgs,  ii. 
653;  718,720,734,737.  .    . 

Russell,  Lord  John,  Royal  Commission 
of  Inquiry  into  University  Reform,  i. 

254. 
Rutherford,  spectroscopic  observations, 

ii.  361. 
Rydberg,  ii.  362. 

Sabine,  magnetic  experiments,  i.  230. 

Sachs,  Julius,  the  effect  on  biological 
science  of  the  discovery  of  the  cell,  i. 
195;  'Geschichte  der  Botanik,'  209, 
ii.  212,  223,  227,  230,  231,  246,  260, 


265,  269;  importance  of  the  spiral 
theory,  224  ;  cellular  theory,  262 ; 
of  Hofmeister,  321  ;  quoted,  338 ; 
'  Lectures  on  Plant  Physiology,'  408. 

Sacro  Bosco,  Joannes,  ii.  287. 

Saint-Hilaire,  Auguste  de, "  Morphologic 
vegetale,"  ii.  ,224. 

Saint-Hilaire,  Etienne  Geoffroy,  germ 
of  Darwinian  theory,  i.  137 ;  liOO ; 
and  the  "Origin  of  Species,"  201; 
and  Cuvier,  ii.  239  ;  appreciation  of 
Goethe's  work,  244  ;  controversy  with 
Cuvier,  246 ;  morphological  analogies, 
251  ;  labours  of,  253  ;  quoted,  258  ; 
unity  of  organisation,  267  ;  301 ;  and 
Buffon,  309  ;  321,  322  ;  natural  selec- 
tion, 330  ;  364. 

Saint-Hilaire,  Isidore  Geoffroy,  ii.  322. 

Saint  Pierre,  ,Beruardin  de,  taught 
morals  at  the  Ecole  normale,  i.  112. 

Saint  Simon,  co-operation,  ii.  566. 

Saint  -  Venant,  Barre  de,  quoted  on 
Boscovich's  theory,  i.  359  ;  properties 
of  ether,  ii.  33;  *' elastic  solid" 
theorv  of  ether,  64 ;  svnthetic  method, 
100.  ' 

Salisbury,   Lord,    Oxford  Address,  ii. 

347. 

Salmon,  George,  text-books  on  geometry 
translated  by  Fiedler,  i.  44  ;  scientitic 
work  of,  and  Pliicker,  242  ;  Dublin 
mathematical  school,  275 ;  German 
edition  of  his  works,  ii.  669,  685 ; 
introduces  Chasles's  work,  673 ;  great 
merit  of  his  text-books,  685  ;  Meyer 
on,  ih. :  Italian  edition  of  his  works 
by  Brioschi,  ib. 

Sameness  and  variation,  ii.  607. 

Sampson,  R.  A. ,  *  Proceedings  of  the 
Society  of  Antiquaries,'  ii.  282. 

Sanderson,  Sir  J.  Burdon,  quoted,  ii. 
428,  429,  439 ;  "  Elementary  Problems 
of  Physiology  "  quoted,  442  ;  565. 

Sanskrit,  discovery  of,  ii.  538. 

Santi-Linari,  animal  magnetism,  ii.  475. 

Sarcode,  ii.  264. 

Sartorius  von  Waltershausen  on  Gauss, 
i.  181,  183,  ii.  631. 

Saussure.  de,  ii.  247  ;  experiments,  391. 

Sauveur,  referred  to  by  Voltaire,  i.  105. 

Savage  tribes,  history  of,  i.  3. 

*  Savants,  Journal  des,'  i.  41. 

Savart,  theory  of  elasticity,  ii.  31  ;  193. 

Savigny,  i.  162;  indebtedness  of,  to 
Gibbon,  169. 

Sayce,  '  Introduction  to  the  Science  of 
Language'  quoted,  ii.  539,  540. 

Scaliger,  Joseph  J.,  influence  of,  on 
German  thought    and   literature,  i. 


212,  226  ;  services  to  classical  learning 
and  criticism,  222  ;  295. 
Scheele,  forerunner  of  Berzelius,  i.  391. 
Scheidt,  edition  of  'Protogaea,'  ii.  280. 
Scheiner,    J.,    'Astronomical    Spectro- 
scopy,' ii.  46,  362  ;  quoted,  49  ;  'Der 
Bau  des  Weltalls,'  282. 
Schelling,  F.  W.J.  von,  on  the  province 
of  philosophy,  i.  36 ;  on  position  of 
philosophy,  38  ;  treated  .<«cience  from 
a  metaphysical  standpoint,  43  ;  phil- 
osophy of,  influenced  by  Herder,  51  ; 
philosophical  Avritings  of,   83;   162; 
speculative  tendency  of,  178  ;  '  Ideen 
zu  einer  Philosojihie  der  Natur,'  179  ; 
philosophy  of,  204 ;  207  ;  influenced 
by    Spinoza,     212;    benefactions    to 
historical  sciences,  215  ;  influence  of, 
ii.  225,  494,  500 ;  and  Goethe's  views, 
245,   256;    'Natnr-philosophie,'  304, 
315  ;  evolution,  354 ;  508. 
Schenstone,     W.     A.,      'Justus     von 
Liebig,   his  Life  and  Work,'  ii.  391, 
393. 
Schering,   E.,    '  C.    F.    Gauss  und  die 
Erforschung  des  Erdmagnetismus,'  i. 
181,    331  ;    address   on   Gauss's  cen- 
tenary,   304;    correspondence    with 
Helmholtz,  ii.  710  et  seq. 
Scheuchzer,  correspondence  with  Leibniz 

quoted,  ii.  281. 
Schiller,  style  of,  i.  51 ;  writings  of, 
83,  84  ;  educated  with  Cuvier,  133  ; 
"The  German  Muse"  quoted,  157; 
Kant's  aesthetical  philosophy,  ii.  535  ; 
'  Wallenstein's  Tod '  quoted,  586. 
Schimper,   K.   F.,  "spiral  theory,"  ii. 

Schlegel,  A.  W.  von,  Berlin  lectures,  i. 

84 ;    on   Georg    Forster,    179 ;    263  ; 

researches  of,  ii.  542. 
Schlegel,  Fr.,  on  Goethe's  school,  i.  84 ; 

made  Shakespeare  familiar  to  German 

readers,  212. 
Schlegel,     Victor,     'Hermann     Grass- 

niann,'    i.    243;    on    Grassmann,    ii. 

656  ;  on  non-Euclidean  geometry,  714. 
Schleicher,    August,     'Morphology    of 

Language,'  ii.  540,  541. 
Schleiden,  Mathias,  cellular  theorv  of, 

i.  194,  309,  ii.  262,  263,  '299  ;  i.  200  ; 

'Botany  as    an    Inductive   Science,' 

209  ;  biological   discoveries  of,   217  ; 

mechanical  view  in  biology,  219  ;  220  ; 

refers  to  Brown's  discovery,  ii.  264 ; 

theory  of  cell  formation,  265 ;    ulti- 
mate identity  of  structure  of  animals 

and  plants,  267  ;  definition  of  a  cell, 

370  ;  402,  403,  408. 


Schleiermacher,  F.,  new  era  of  education 
in  Germany,  i.  38  ;  philosophical  writ- 
?^^  nAo  '  ^^^igious  revival  preached 
DJ,  ZU6 ;  scientific  ideal  of,  211  • 
educational  significance  of  his  writ- 

Q  M?''  ?^  V^^^  '  psychology,  ii.  495. 

Schlomilch,  0.,  i.  209. 

Schlosser,    F.    Chr.,    'History  of   the 

Eighteenth  Century,'  i.  59. 
Schldzer,  Ludwig  August,  of  Gottingen 
University,  i.  165  ;  statistics,  ii.  555. 
Schniidt,    F.,  and  P.   Stackel  publish 

Bolyai  s  correspondence,  ii.  652. 
Schmidt,  Johannes,  on  August  Schlei- 
cher, ii.  540. 
Schmidt,  Karl,  'Geschichte  der  Pada- 

gogik,'i.  166,  256. 
Schcinflies,  A.,  ii.  734 ;  on  G.  Cantor's 

work,  736. 
Schonlein,  Lucas,  metaphysical  lean- 
ings of,  i.  196  ;  198  ;  influenced  by 
the  JVaturphilosophie,  207 ;  freed 
under  the  influence  of  French  science. 
208.  ' 

School  literature,  reform  in,  i.  44. 
School  of  Oriental  Languages  in  France, 
i.  113.  ' 

School  of  philology,  modern  German,  i. 
172. 

School,  polytechnic,  German,  first  es- 
tablished at  Vienna,  i.  166. 

Schools,  German,  i.  166. 

Schools  of  thought  in  Germany,  i.  167. 

Schopenhauer,  A.,  animation  of  all 
nature,  ii.  369 ;  470. 

Schroder,  E.,  ii.  737. 

Schubert,  H.,  ii.  734. 

Schultze,  Max,  protoplasmic  theory,  ii. 
371,  443. 

Schumacher,  H.  C,  i.  45 ;  '  Astrouom- 
ische  Nachrichten,'  167  ;  correspond- 
ence with  Gauss,  185,  ii.  652  ;  letter 
from  Gauss  on  telegraph,  i.  304. 

Schiitte,  German  translation  of  Gino 
Loria's  work  on  geometry,  i.  275. 

Schwann,  Theodor,  extended  cell  theory 
to  animals,  i.  195  ;  198,  200;  the  head 
of  the  modern  physiological  school, 
217 ;  mechanical  view  in  biology, 
320;  cellular  theory,  309,  ii.  263; 
identity  of  all  living  structure,  209 ; 
discovery  of  the  nucleus  referred  to, 
264  ;  theory  of  cell  formation,  265 ; 
ultimate  identity  of  structure  of  ani- 
mals and  plants,  267 ;  definition  of 
a  cell,  371 ;  402,  403  ;  microscopical 
researches,  418  ;  'Microscopical  Re- 
searches,' 419,  420,  423;  conception 
of  the  cell,  422  ;  "  Metabolism,"  442. 
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Schwarz,  H.  A.,  on  Dirichlet's  prin- 
ciple, ii.  708  ;  Weierstrass's  letter  to, 
lb.  ;  on  Bolzano,  709. 

Schweikart,  ii.  713. 

Schwerd,  'Die  Beugungserscheinungen 
aus  den  Fundamentalgesetzen  der 
Undulatioustheorie  aualytiscli  ent- 
wickelt'  quoted,  ii.  26. 

Schwoerer  (see  Faudel),  ii.  134. 

Science   now  international,  i.  19,  303  ; 
and  life,   31  ;    and    poetry,    ib. ;    as 
opposed   to   other  thought,    69  ;  the 
meaning  and  use  of  the  word,  89,  90  ; 
English   and  Continental  notions  of, 
91  ;  schools  of,  in  France,  106  ;  schools 
of,     promoted    by    Governments    of 
Revolution,  108  ;  during  the  Revolu- 
tion and  under    the    First    Empire, 
138  ;    popularised  by   France,    142  ; 
German,  not   patronised  by  royalty, 
157;  and  '•  Wissenschaft,'  168;  and 
exact  scieuce,  171  ;  German,  cosmo- 
politan, 189  ;  in  Germany,  '.^02  ;  and 
philosophy,  conflict  between,  205 ;  and 
history,  relations  of,  206;  for  its  own 
sake,  '211 ;   thoroughness  of  German 
men  of,  213  ;  and  teaching,  214  ;  and 
philosophy,    215,  311;    organisation 
of,  abroad,  226  ;  English,  in  the  early 
part    of    nineteenth    century,     229; 
alleged  decline  of,  in  England,  230  ; 
French,    praised    by    Cuvier,    231 ; 
English,  criticisms  of  Play  fair,    ib.  ; 
criticisms  of  Babbage,  233  ;  decline 
of,  in  England,  'Edinburgh  Review' 
quoted  on,    235 ;  in  England  favour- 
ablv  criticised    by   Cuvier,    ib. ;    by 
Prof.    Moll  of    Utrecht,    236;    Prof. 
Moll  on  difference  between  culture  of, 
in  France  and  England,  237  ;  English, 
individual    character    and    practical 
tendency  of,  251 ;  English,  peculiar- 
ities more  marked  in  early  part  of 
century,  252 ;   importance  of  British 
contributions  to,   276 ;    diffusion    of 
scientitic  knowledge  on  the  Continent, 
ib. ;    isolation    of    English    men    of 
science,    277 ;    philosophy    of,    306 ; 
interests  which  promote,  326 ;   prac- 
tical interest  in,  328  ;  physical,  ap- 
plied to  medicine,  ii.  208  ;  abstract, 
550  ;  of  large  numbers,  555. 
Science,   exact,   reception  of,   in    Ger- 
many, i.  175  ;   absent  from  German 
universities    in    the    eighteenth  cen- 
tury, 178. 
Sciences,   the  descriptive,  ii.  203;   na- 
tural and  mental,  separation  of  the, 
534. 


Scientific,  reasoning  i.  45 ;  periodicals, 
180 ;  associations,  dates  of,  227  ;  spirit 
in  the  first  and  second  half  of  the 
century,  302  ;  ideas,  special,  306 ; 
antiquity  of  leading  ideas,  312; 
spirit  in  business,  ii.  553. 

Scotch  school  of  natural  philosophy, 
ii.  141 ;  activity  of,  148. 

Scott,  Sir  Walter,  i.  82  ;  romantic  school 
of,  84;  '  Edinburgh  Review,  273. 

Secchi,  spectroscopic  observations,  ii. 
361. 

Sedgwick,  A.,  *A  Discourse  on  the 
Studies  of  the  University  of  Cam- 
bridge,' i.  263;  267;  worked  iu 
harmony  with  Analytical  Society, 
271  ;  criticism  of  '  Vestiges,'  ii.  319. 

Seeijeck,  electricity  and  heal,  i.  363 ; 
thermo-electricity,  ii.  143 ;  the  siren, 

487. 

Seeley,  J.,  '  Life  of  Stein,'  i.  38. 

Seguin,  heat  units,  ii.  109  :  indestruc- 
tibility of  force,  HI  ;  physiological 
processes,  390. 

Selborne,  White's  '  Natural  History  of,' 

i.  267. 
Selection,  "natural "and  ** sexual,"  ii. 

336 ;   natural,   within  the  organism, 

435  ;  Maxwell's  process  of,  598. 
Sellmeier,  W.,  anomalous  dispersion  of 

wave-motion,   ii.    53;    researches  of, 

54. 
Seminaries  in  Germany,  i.  214. 
Sender,    Archdeacon,    established    the 

first  "  Realschule  "  at  Halle,  i.  166. 
Sensation,    Johannes    Mliller's    law  of 

specific  energies,  i.  198  ;  Weber's  law 

of,  200 ;  localisation  of,  ii.  507. 
Sense-perception,  i.  199. 
"Sensualistes,"ii.  323. 
Serres,    'Anatomic  Compares  du  Cer- 

veau,'  ii.  317;    "law  of  biogenesis," 

349. 
Serret,    his    '  Algebre    Superieure,'    ii. 

686. 
Servois,  ii.  660,  711. 
Seth,  A.,  on  Fr.  Nietzsche,  ii.  287. 
Shaftesbury,  i.  145. 
Shakespeare,   influence  of,  in  German 

thought  and  literature,  i.  212 ;  261, 

ii.  251 ;  the  word  "  statist,"  555. 
Shelburne,  Lord,  quoted,  ii.  562. 
Shelley,  P.  B.,  freshness  of  individual 

thought  of,  i.  76. 
Siemens,  Werner,  submerged  cables,  t. 

329. 
Siemens,  William,  ii.  179. 
Silvius,     chemistry    in     alliance    with 

medicine,  i.  126. 


''  Simplex  sigillum  veri,"  i.  401. 

Simpson,  Sir  J.  Y.,   introduced  chlor- 
oform, i.  93. 

Simson,  Robert,  Scotch  university  pro- 
fessor, i.  272  ;  and  Stewart,  ii.  658. 

Skoda,  i.  198,  208. 

Sloman  on  the  invention  of  the  calculus 
i.  101.  ' 

Sniellie,  William,  '  Edinburgh  Magazine 
and  Review,'  i.  273, 

Smiles,  'Life  of  Thomas  Edwards,'  i 
287.  '     ■ 

Smith,    Adam,    imported   ideas    from 
France,  i.  16  ;  intercourse  with  French 
thought,  268  ;  272 ;  influence  of,  273  ; 
ii.  415  ;  human  culture,  529. 
Smith,    H.,    translation   of  Schwann's 
principal    work,    ii.    263  ;    on    con- 
gruence,  723  ;  his  report,  ib. 
Smith,  Sydney,  lectured  at  Royal  In- 
stitution,  i.    249,   264  ;    '  Edinburgh 
Review,' 273. 
Smith,  William,   on    'Strata,' i.   230; 
father  of  English  geology,  291  ;  study 
of  fossil    remains,    ii.   225 ;    tabular 
view  of  the  British  strata,  293. 
Snell,   deflection  of  rays  of   light,    i. 
356. 

Societe    Philomatique,    bulletin    of,    i. 

41. 
Society,  Royal,  i.  227. 
Socrates,  ethical  philosophy  of,  ii.  4. 
Soemmering,  ii.  247;  influences  Herder, 

532. 

Sohnke,  L.,  '  Entwickelung  der  Theorie 

der  Krystallstructur,'  i.  443. 
Sommer,  edition  of  Herschel  '  On  the 

Construction    of  the    Heavens,'    ii 

283. 
Sophocles,  i.  261. 

Sound  and  colour,  analogy  between,  ii. 

489. 

Sound  and  light,  mechanical  difference 

between,  ii.  30. 
South,  not  member  of  any  university,  i. 

Souther,  '  Thalaba,' i.  84. 
Spanheim,  recognition   of   Bentley,   i. 
169. 

Species,  changes  of,  services  of  Lamarck 

and  Saint  Hilaire  to  the  study  of 

debatable,  i.  201. 
Spectrum  analysis,  1.  277,  ii.  45  et  sea.; 

clue  to,  47  ;  359.  ^ 

Speculation,  meaning  and  scope  of  the 

term,  i.  64. 
Spedding,  James,  i.  282. 
Spencer,  Herbert,  first  English  system 

ot  philosophy,  i.  48  ;  on  the  "  Un- 


knowabe,"  53,  ii.  326;  constructive 
Ideas  of  i.  81 ;  system  of,  ii.  205  • 
works  of,  210 ;  vocabulary  and  ideas 


9S^  .'  P^l^^f  «P^y  of,  279,  346 ;  quoted, 
288;     Biology,' 322,   323,   406,   438 
351;  ''survival  of  the  fittest,"  ib.; 

J? actors  of  Organic  Evolution,"  353  • 
dynamical  aspect  of  science,  355; 
^^  On  the  Nebular  Hypothesis,"  358  ; 

direct  equilibration,"  436;  law  of 
limit  of  growth,  445  ;  theory  of  evolu- 
tion, 455 ;  and  Weismann,  400  • 
anthropological  work,  497;  511- 
study  of  sociology,  630  ;  607,  608, 
/49.  '         ' 

Spinoza,     influence    of,     on     German 
thought  and  literature,   i.   212;    on 
German    philosophy,  ii.    205  ;   251 ; 
animauon  of  all  matter,  369  ;  psycho- 
physical  parallelism,  519  ;  535. 
Spix,  morphological  analogies,  ii.  251. 
Spon,  Jacob,  archaeologist,  i.  295. 
Sprengel,    Chr.    C,   ii.  230,   261;    fer- 
tilisation of  plants,   338;    investiga- 
tions of,  415. 
Spurzheim,   Joh.  Chr.,  i.  136;  phren- 
ology, ii.  477,  479. 
Squares,  method  of  least,  ii.  576. 
Stael,JMuie.  de,  aiid  German  literature, 
i.  17  ;  225 ;   writings  of  Herder,  ii. 
531. 
Stiigemann,  i.  45. 

Stahl,      animiht    (medicine),    i.     126; 
elaborated  the  phlogistic  theory,  387; 
"_Anima,"ii.  388,  503. 
Stair,    Earl  of,    first  agricultural    or- 
ganisation in  Scotland,  i.  284. 
Stas,  J.  S.,  measurements  of,  i.  403. 
Statics,  ii.  5  ;  and  dynamics,  144. 
Statistical,   methods,   used  largely  by 
Napoleon,   i.    153  ;    view  of  nature*, 
i.  438,  ii.  546,   548 ;   application  in 
physics,  589  ;  knowledge  of  nature, 
600. 
Statistics,   beginning  of  science  of,  i. 
121  ;    ii.    548    et    seq.;    in    France, 
Germany,  and  England,  562  ;  social, 
583  ;  pretensions  of,  586. 
Sta.idt,  C.  G.  C.  von,  his  geometry,  i. 
44,  181,  275  ;  and  Gauss,  ii.  652;  on 
imaginary  elements,   661  ;  669  ;  his 
work  expounded  by  Reye,    Lliroth, 
and   Fiedler,   ib.  ;  and  Cayley,  718  ; 
Klein  on,  ib. 
Stebbing,  Thomas  R.  R.,  "Naturalist 
ofCumbrae,"i.  289. 


800 


INDEX. 


INDEX. 


801 


4 


StefiFens,  H.,  on  Paris  at  the  close  of  the 
eighteenth  century,  i.  18  ;  '  Autobio- 
graphy,' 39  ;  development  of  Goethe's 
views,  ii.  256  ;   natural  philosophy, 
315  ;  evolution,  354  ;  508. 
Stein,  H.   Fr.   K.    von,  attitude  of,  to 
national  idealism  in  Germany,  i.  39  ; 
quoted  on  Humboldt,  263. 
Steiner,   Jacob,   geometry,  i.  44  ;  new 
science  of  geometry,   114;    163;  and 
Crelle,  186,  187  ;  neglect  of,  in  Ger- 
many, 243  ;  against  analysis,  ii.  632  ; 
his  method,  662  ;  Geyser  on,  ib.;  his 
great  work,  667  ;  on  isoperinietrical 
problems,   669 ;    672  ;    his   theorems 
proved  by  Cremona,  681. 
Steinheil,  measurements  of,  i.  322. 
Steinthal,    psychologist,    ii.    497 ;    the 

objective  mind  in  history,  530. 
Stephen,  Leslie,  i.  25  ;  on  Hume,  47. 
Stephenson,  George,  the  **  Rocket,"  i. 

303. 
Stereo-chemistry,  i.  447. 
Stevin,   Simon,   '  La  Disme,'   ii.   645 ; 

recommends  decimal  system,  ib. 
Stewart,  Balfour,  spectrum  analysis,  1. 
278  ;  "  radiant  heat,"  ii.  46  ;  physical 
view  of  nature,  141,  601. 
Stewart,    Dugald,     works    of,    i.    83 ; 

quoted,  359  ;  ii.  287,  601. 
Stewart,  Matthew,  forerunner  of  Car- 

not,  ii.  658. 
Stieda,  L.,    'Life'    of   von    Baer,    ii. 

300. 
Stirling,  James,  ii.  572. 
Stirp,  theory  of  the,  ii.  614. 
"Stoffwechsel,"    ii.    395;   older  ideas 

corrected,  397. 
Stoics,  ••  cyclical  "  view  of  the,  ii.  286 
Stokes,  SirG.  G.,  i.274;  spectrum  analy- 
sis, 277,  ii.  49 ;  properties  of  ether, 
31 ;  quoted,  32,  592  ;  33  ;  '  Burnett 
Lectures  on  Light '  quoted,  37  ; 
"double  refraction,"  43;  lines  of 
sodium,  47,  48 ;  translation  of  Fou- 
caiilt's  and  Kirchhofifs  memoirs,  48  ; 
on  emission  and  absorption  of  light 
rays,  50,  51 ;  invented  the  term 
fluorescence,  52  ;  referred  to,  54,  55  ; 
on  whirling  motion,  58 ;  on  un- 
dulatorv  theory,  195 ;  optical  re- 
searches, 229  ;  630. 
Stoll,  Max.,  i.  208. 

Stolz,  0.,  'Grossen  und  Zahlen,'  i.  275  ; 
and  Weierstrass,  ii.  703  ;  on  Bolzano, 
709 ;  726. 
Stolzle,   *  K.    E.   von    Baer  und  seine 

Weltanschauung,'  ii.  300. 
Stoney,  Dr  Johnstone,  introduces  the 


term  "electron,"  ii.  193;  use  of 
recent  microscopic  appliances,  229. 

Stout,  G.  F.,  "  Herbart  compared  with 
English  Psychologists  and  with 
Beneke,"  ii.  495,  497 ;  '  Analytic 
Psychology,'  528. 

Stow,  Normal    School  at  Glasgow,  i. 

257. 

Strasburger,  E.,  embryological  studies 
of,  ii.  227;  "  idioplasma,"  448  ;  459. 

"  Struggle  for  Existence,"  ii.  332,  333. 

Struve  on  methods  of  the  astronomers 
of  Greenwich  Observatory,  i.  99. 

Stuart,  Gilbert,  'Edinburgh  Magazine 
and  Review,'  i.  273. 

Stuart  and  Revett,  archjeological  ex- 
plorations of,  i.  295. 

Study,  E.,  referred  to,  ii.  654. 

Sturm,  J.  C.  Fr.,  recognised  merits  of 
Green's  work,  i.  247  ;  appreciated 
educational  work  of  the  "  Order  of 
Jesus,"  256. 

Substitution,  chemical,  i.  409. 

Substitution,  principle  of,  in  mathe- 
matics, ii.  686. 

Substitutions,  Jordan's  treatise  on,  ii. 
68Q,  689,  692. 

Sully,  Due  de,  doctrine  of  averages, 
ii.  561 ;  political  statistics,  563. 

Sully,  James,  article  '*  Evolution  "^  in 
'  Encyclopaedia  Britannica,'  ii.  279  ; 
"  Herder,"  533._ 

Sun,  heat  of,  ii.  357. 

Siissmilch,  Pastor,  the  divine  origin  of 
language,  ii.  536  ;  '  On  the  Divine 
Order,'  557,  563;  political  arith- 
metic, 585. 

Svieten,  G.  v.,  i.  208. 

Swan,  spectrum  analysis,  i.  278. 

Sybel,  H.  von,  'historische  Zeitschrift,' 
i.  159. 

Sydenham,  i.  272. 

Sylow,  L.,  on  Abel,  ii.  649  ;  on  Abel 
and  Galois,  (^86. 

Sylvester,  J.  J.,  developed  theories  of 
Boole,  i.  247 ;  on  mathematics,  ii. 
629 ;  631 ;  on  invariants,  676  ;  the 
proper  business  of  mathematics,  679 ; 
proves  Newton's  theorem,  681  ;  on 
determinants  and  Hesse,  683  ;  691. 

Symbolism,  chemical,  i.  417. 

Syme  of  Edinburgh  University,  i.  272. 

Symington  built   the  tug   "Charlotte 

Dundas,"  i.  303. 
Symmetrical  formulae,  ii.  681. 

Tacitus,  a  model  historian,  i.  7. 
Tait,   P.   G.,   'Sketch  of  Thermodyn- 
amics,' i.  376,  ii.  167,  173,  175 ;  on 


"  action  at  a  distance,"  i.  380  ;  *  Pro- 
perties of  Matter, '388, 425;  "Kinetic 
Theory  of  Gases,"  438;    "kinetics," 
ii.    5;    'Light,'    11,    592;    'Light' 
quoted,  13,  36  ;  criticism  of  Tyndall's 
theory  of  heat,   57  ;    translation    of 
Helmholtz's  memoir  on  vortex  motion 
58 ;  memoir  of  Rankine,  62  ;  '  Recent 
Advances  of   Physical    Science,'  63, 
106,108;    'On  Knots,' 64;    'Recent 
Advances  of  Physical  Science '  quoted, 
66;     'Sketch    of   Thermodynamics,' 
controversy  regarding,   97  ;    '  Dyna- 
mics,' 99;    and  Tyndall  and  others, 
107;   computations  of  Seguin,   109; 
quoted  on  the  relative  values  of  the' 
terms   "force"  and   "energy,"  116; 
perpetual  motion  defined,  124;  pre- 
face to  Rankine's  papers,  133 ;  (see 
Clausius),    135;     physical    view    of 
nature,  141 ;  '  Heat '  quoted,  591. 
Tait   and    Cruni    Brown,    Memoir   of 

Thomas  Andrews,  ii.  162. 
Tait  and  Steele,    '  Dynamics  of  a  Par- 
ticle,' i.  101,  ii.  144. 
Tait  and  Thomson.    See  Thomson  and 

Tait. 
Tait's  '  Edinburgh  Magazine '  published, 

1.  Z/o, 

Talbot,  solar  spectrum,  i.  278. 
Talleyrand,  public  instruction,  i.  109  ; 

higher  aims  of,  not  realised,  112. 
Tannery,  Jules,  his  lectures  on  theory 

of  functions,  ii.  704  ;  737. 
Tauchnitz,  edition  of  ancient  classics,  i. 

167. 
Taylor,  Bayard,  '  Faust '  quoted,  i.  52. 
Taylor,  Brook,  i.  101. 
Taylor,    Charles,     on    continuity,    ii. 

660. 

Taylor,  'Scientific  Memoirs,' i.  325,  ii. 
263  ;  series  of,  646. 

Telegraph,  first,  i.  92. 

Tennyson,  mature  thought  of,  i.  76. 

Tenon,  i.  107. 

"Tension,"  ii.  138. 

Terquem,  ii.  660. 

Terrestrial  view,  ii.  369. 

Teubner,  editions  of  the  ancient  classics, 
1.  167. 

Theaetetus,  Proclus  on,  ii.  634. 

Thenard,  practical  discoveries  of,  i. 
147  ;  organic  analysis,  190  ;  '  Chem- 
istry,'200;  ii.  608. 

Iheological  faculty  in  German  univer- 
sities, i.  197. 

'^erniodynamics,  ii.  62 ;  two  laws  of, 
128. 

Thernio-elastic  phenomena,  ii.  142. 
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Thermo-electric  phenomena,  ii.  142 

IMvenot,^  original   member   of   Paris 
Thibttrm"^^^--'''i-228. 

'^^suYafp?rF^''^^'^>'.i-n^^^5  'Le  Con- 
sulatet  1  Empire,'  149,  152. 

wf'^'  *''^  '■  ^^^'  conducted  philo- 
logical semmaries,  214. 

^7l'^'  l^v'  akadendsche  Leben  des 
17t«"  Jahrhunderts,'  i.  163. 

Ihomasius  represents  spirit  of  Bacon 
and  Leibniz  at  Halle,  i.  160. 

1  hompson,  Benjamin.  See  Count  Rum- 
ford. 

Thomson  V.  L.  P.,  a  founder  of  phys- 
^S^l ., chemistry,  ii.  152;  chemical 
affinity,  171. 

Thomson    and    Tait,     'Natural    Phil- 
osophy,' i.   45,   101,  274,  316,  318, 
3/6,  11    61,  99,   144,   152,'  153    184 
358  ;  the  term  "  kinetics,"  5  ;  referred 
to>  62,  148  ;  influence  of,  145. 
Thomson,  J.  A.,   'Science  of  Life'  ii 
228,  271  337,  338,  348,  349,  370,  436,' 
447;   the   term    "homology,"   259- 
"Cell  and  Protoplasm,"  266;   298- 
"embryology,"  299;  quoted  on  von 
Baer,  303;  'Evolution  of  Sex,'  344  • 
'  Science  of  Life '  quoted,  448,   455, 
458;  459;  on"stirps,"614. 
Thomson,  James,  harmonic  analysis,  i. 
330;  heat  and  "perpetual  motion," 
ii.  126 ;  prediction,  126, 170 ;  physical 
view  of  nature,  141 ;  "Crystallization 
and  Liquefaction,"  142;   theory   of 
energy,  166. 
Thomson,  J.  J.,  on  vortex  motion,  ii. 
63,    65,    183 ;    Princetown    lectures, 
190  ;    '  Researches,'  191 ;   '  Discharge 
of  Electricity  through  Gases,'  192; 
electrical  researches,  362. 
Thomson  (the  poet),  i.  285. 
Thomson,  Prof.  Thos.,  i.  188  ;  and  Dal- 

ton,  245  ;  the  atomic  theory,  425. 
Thomson,  Wm.  (Lord  Kelvin),  on 
chemical  laboratories,  i.  188 ;  and 
Helmholtz,  199,  ii.  149 ;  the  conserva- 
tion of  energy,  i.  201,  ii.  128,  142 ; 
Fourier's  series,  i.  241 ;  Green's  treat- 
ise, 246  ;  and  Joule,  265,  434,  ii.  110 ; 
Faraday's  "lines  of  force,"  i.  266,  ii. 
71 ;  referred  to,  i.  272 ;  his  work, 
274,  ii.  133  ;  on  discovery  of  spectrum 
analysis,  i.  277;  telegraphic  connec- 
tion with  America,  i.  303 ;  absol 
ute  scale  of  temperature,  309,'  315 ; 
"  vortices,"  312,  313  ;  absolute  meas- 
urements,    323 ;     submarine     tele* 
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graphy,  329  ;  '  Popular  Lectures  and 
Addresses,'    330,    ii.     61;     iinprove- 
ments  in  mariner's  compass,  i.   331 ; 
mechanical     theory    of    gravitation, 
344  ;  Boscovich's  theory,  358  ;   elec- 
trical measurements,   366  ;   cohesion 
and    capillary    attraction,    376 ;    on 
•'  capillary  attraction  "  quoted,   425  ; 
"chirality,"  432,   ii.   22;    "On  the 
Size  of  Atoms,"  i.  437  ;    "Steps  to- 
wards a  Kinetic  Theory  of  Matter," 
456  ;  quoted,  ii.    39,    182,    184,  190  ; 
sodium,  48  ;  wave-motion,  53  ;  optics, 
55 ;  vortex  theory,  57,  58,  63  ;  on  gyro- 
stat, 61  ;  thermodynamics,  62,  603 ; 
diamagnetism, 74; on  "permeability," 
75  ;  electro-magnetics,  77  ;    Faraday 
and  Clerk-Maxwell,  78,  79  ;  reprints 
of   papers    quoted,     603 ;     physical 
lines   of    force,     80;     electrical    re- 
searches,   86;     "vortex    filaments," 
89 ;   vibrations  of  the  ether,  91 ;  in- 
dependence of  Mayer's  -writings,  97  ; 
and  Mayer's  hypothesis,  109;    "en- 
ergy," 114  ;  "work"  and  "energy," 
115 ;    Mayer,   and  Joule,   116 ;    ab- 
solute   measurements  in  thermotics, 
117  ;    Carnot's   '  Puissance    motrice,' 
118;  dissipation  of  energy,  119,  131, 
132,  365,    598;    Sadi  Carnot's    heat 
theory,  123  ;  perpetual  motion,  124- 
126  ;  experiment,  127  ;  Sadi  Carnot, 
130 ;  experiments  of  Joule  and  Reg- 
nault,137  ;  "  potential "  and  "actual " 
energy,  139  ;  physical  view  of  nature, 
141 ;  Kegnault's  measurements,  152  ; 
167;     thermodynamic     "motivity," 
168,  169,  594;    "free  energy,"  173; 
"available  energy,"  and  "entropy," 
174,  594  ;  175, 179,  184  ;  ether  theory, 
196 ;  recognition  of  Kant,  284  ;  296  ; 
"  On  Geological  Time,"  356  ;  "  Me- 
chanical Energies  of  the  Solar  Sys- 
tem," 358  ;  on  the  spectroscope,  362  ; 
Glasgow  Address  quoted,  363  ;  cos- 
micsd   origin    of   life,   369 ;    on    the 
dissipation  of  energy,  i.  309  ;  ii.  52, 
404  ;    irreversibility  of  natural  pro- 
cesses, 593  ;   699  ;   his  theorem   and 
Dirichlet,  700  ;  704,  708. 
Thomson,    William,    and    Sir    G.    G. 
Stokes,  contributions  to  mathematical 
physics,  i.  274  ;  and  Tait  :  '  Natural 
Philosophy,'  ib. 
Thorpe,   'Essays  in    Historical   Chem- 
istry,' ii.  158. 
Thought,  the  hidden  world,  i.  1  ;  the 
only    moving     principle,     2 ;      Max 
MvUler    on   definition  of,   4;    many 


meanings  of,  5  ;  forgotten  and  unex- 
pressed, 8  ;  value  of  contemporary 
records  of,  10  ;  unity  of,  a  product  of 
the  nineteenth  century,  16 ;  equi- 
valents in  German  and  French,  24  ; 
conception  of,  not  specifically  Eng- 
lish, 26  ;  definition  of,  33  ;  not  ex- 
hausted by  science  or  philosophy, 
66  ;  unmethodical,  68  ;  religious,  69  ; 
personal  or  subjective,  70  ;  scientific, 
philosophical,  and  individual,  72  ;  ot 
nineteenth  century  characterised,  77  ; 
constructive,  not  destructive,  80 ; 
exact,  historical,  and  critical  habits 
of,  222 ;  characteristics  of  higher 
mental  work  in  England,  239  ;  char- 
acteristics of  English,  249  ;  scientific, 
absence  of  schools  of,  in  England, 
250  ;  history  of,  ii.  627  ;  not  history 
of  knowledge,  628. 
Thouin,  agriculture  at  the  Ecole  nor- 

male,  i.  112. 
Thucydides,  a  model  historian,  i.  7. 
Tiedemann,  Fr.,  chemistry  of  the  living 

body,  ii.  391  ;  317. 
Tilloch,  'Philosophical  Magazine,'  i.  41. 
«•  Timbre,"  ii.  488. 
Tisserand,  '  Comptes   Rendus,'  i.   377  ; 

quoted  on  Newton's  law,  378. 
Titchener,  E.  B.,  criticism  of  Munster- 

berg's  work,  ii.  522. 
Titius,  Daniel,  astronomical  formula  of, 

i.  422. 
Tocqueville,  A.  de,  quoted  on  contem- 
porary records,  i.  10. 
Todhunter,   Isaac,   his    '  Histories,'   i. 
91 ;     '  Histoiy    of    the    Theories    of 
Attraction,'    98,    99,    308,    ii.     698; 
theory  of   probabilities,    i.    120,    ii. 
568  ;  '  History  of  the  Theory  of  Prob- 
ability,' i.  234  ;   '  Life  of  Whewell,' 
236,  262,  306  ;  theory  of  elasticity,  ii. 
30  ;    on  Young's  style,  ib. ;  on  Eng- 
lish science,  ib. ;   '  History  of  Elas- 
ticity,' 33  ;  quoted,  43. 
Todhunter  and    Pearson,    'History  of 
the  Theory  of  Elasticity,'  i.  376,  ii.  43, 
56. 
Tooke,   Home,   on  words,   i.  21 ;   the 

'  Diversions  of  Purley,'  ii.  537. 
Tour,  Cagniard  de  la,  the  siren,  ii.  487. 
Traube,  medical  thermometry,  ii.  389. 
Treitschke,    *  Deutsche    Geschichte,'  i. 

312. 
Trembly,  ii.  418. 

Trench,  Archbishop,  on  words,  i.  21. 
Treviranus,   G.   R.,   'Biologie,'  i.  194; 
identity   of   all    sciences  of   organic 
life,    ii.   217  ;    230,   261  ;   biological 
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researches  of,  313 ;  genetic  view  321  • 
evolution,  327. 

Treviranus,  L.  C,  botanical  labours  of 
ii.  218.  ' 

Truth,  the  search  after,  not  the  end  of 
knowlege,  i.  29. 

Tschirnhausen,  referred  to,  i.  101. 

Tubingen  school  of  theological  criti- 
cism, i.  162. 

Turgot,  founded  the  Ecole  des  Ponts  et 
Chaussees,  i.  107;  neglect  of,  by 
Napoleon,  149;  statistics,  ii.  671- 
573.  ' 

Turner  disproves  Prout's  hypothesis,  i. 

Tycho,  a  forerunner  of  Bacon,  i.  94  • 
of  Kepler,  157 ;  317 ;  discovered 
variable  stars,  327. 

Tylor,  E.  B.,  anthropologist,  ii.  497 

Tyndall,  John,  'Heat,'  ii.  57;  and 
Faraday,  77 ;  on  Mohr's  and  Mayer's 
&c.,  scientific  work,  107;  computa- 
tions of  Seguin,  109  ;  his  works  trans- 
lated into  German,  148  •  405  • 
ubiquity  of  life,  452  ;  "tone,"  488.' 

Type  theory  in  chemistry,  i.  411. 


University  of  Halle,  i.  165 
University  of  Kasan,i.l6i. 
University  of  Maros  Vasarhely,  i.  161. 

f^t^:^7f^'     "-^^^^--^-wn 

^?ri°'i.^-  ^•'  '"^^  Development  of 
the  Expenmental  Study  of  Heat- 
Engines,"  i.  331 ;  theories^fRa^kTue 
and  Clausius,  ii.  135. 


Ueberweg  and  Beneke,  ii.  495  ;  512. 

Ukert  (see  Heeren),  i.  167. 

Ulrich,  Duke,  reconstituted  University 

of  Tubingen,  i.  159.^ 
Units,  living  and  lifeless,  ii.  620. 
Unity  of  human  interests,  terms  for,  i. 

oo. 

Universities  and  high  schools,  relations 

of,  1.  166. 
Universities,  Belgian,  i.  161. 
Universities,  British,  and  others,  dates 

of,  1.  228. 
Universities,  Danish,  i.  161. 
Universities,  Dutch,  their  influence  on 

German  culture,  i.  160;  161. 
Universities,  English,  unique  character 

of,  1.  254. 

Universities,  German,  foundation  of,  i. 
1^8;  162,  197;  testimonies  to  the 
great  work  of,  225. 

Universities,  Norwegian,  i.  161. 

Universities,  Russian,  i,  161. 

Universities,  Scotch,  i.  160,  267,  271. 

Universities,  Swedish,  i.  161. 

Universities,  Swiss,  retarded  develop- 
ment of,  i.  163.  * 

University,  Johns  Hopkins,  Lord 
Kelvin's  lectures,  ii.  S.*). 

University  of  Athens,  i.  161. 

University  of  Geneva,  i.  160. 

University  of  Gottingen,  i.  164,  165, 
J/.> ;  prize  essays  on  dynamics,  ii.  97. 


Valenciennes,  Bell's  theorem,  i.  293. 

Valency,  i.  447. 

Valmont  de  Bomare,  i.  143 

Valson,  his  Life  of  Cauchy  quoted,  ii. 

^f '*  ?^ff>  '  La  Chimie  dans  I'Espace,' 
p  '  .  rif  Lagerung  der  Atome  ini 
^qII^         '        <^arbon  tetrahedron. 

Variation,  ii.  331,  343;  discontinuoup, 

Variations,  calculus  of,  ii.  670. 
Varnhagen  von  Ense  quotes  Kant,   i 
45  ;  memoirs  of,  279. 

Vasiliev,  A.,  Address  on  Lobatchevsky 
1.  161.  •'' 

Vauquelin,  practical  discoveries  of,  i. 

Vector  ii.  655  ;  analysis,  73,  655. 
Venn,  John,  'The  Logic  of  Chance,'  ii. 
569. 

Verdet  M.,  '  (Euvres  de  Fresnel,'  quoted 
on  Euler,  ii.  9 ;  referred  to,  14  • 
quoted,  25;  history  of  undulatory 
theory,  26  ;  '  (Euvres  de  Fresnel,'  26*- 
quoted,  27,  41,  42. 

Veronese,  G.,  ii.  737. 

Versification,  German,  catholicity  of,  i. 
^1  o. 

Verworn,  Max,  quoted,  ii.  423 ;  quoted 
on  toam  theory,  427  ;  '  General  Physi- 
ology '  quoted,  445. 

'Vestiges  of  Creation,'  published,  ii. 
318  ;  323,  327 ;  and  natural  selection, 
330. 

Vicq    d'Azyr,    i.    107;    forerunner    of 
Cuvier,   147;    200;    pioneer    of   the 
mechanical    view   in    biology,    219  • 
anatomist,  ii.  248 ;  quoted,  255. 

Vieweg,  publishers,  ii.  300. 

Villeniain,  review  of  eighteenth- cen- 
tury literature,  i.  59;  quoted  on 
Napoleon's  educational  projects,  151. 

Villers,  '  Coup-d'ceil  sur  les  Universites 
d'Allemagne,'  i.  225. 

Vinci,  Lionardo  da,  mathematics  and 
science,  ii.  4  ;  vision,  506. 

Vines,  S.  H.,  ii.  459. 

Virchow,  Rudolf,  "cellular  pathology," 
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i.    195,   ii.    265,   376;    i.    198,   208; 

"Autonomy  of  the  Cell,"    ii.   395; 

'Cellular  Pathology'    quoted,    402; 

444  ;  progress  of  biology,  463  ;  quoted 

by  Darwin,  610. 
Virey,    indebtedness  of   Cuvier  to,  i. 

130 ;  importance  of  nervous  system, 

ii.  237. 
Virgil  quoted,  ii.  287. 
Vischer,  Fr.  T.,  i.  162. 
Vital  Force,  i.  218. 
Vitalism,  extreme,  ii.  388. 
Vitalistic,   aspect  of   nature,   ii.    217 ; 

353 ;    view  of  nature,   368  ;    idea  of 

Bichat,  383 ;  386. 
Vogel,  A.,  address  on  Lie  big,  ii.  391. 
Vogel,  H.  C,  spectrum  analysis  of  the 

stars,  ii.  362. 
Vogt,     Carl,    materialistic    works    of, 

i.  60  ;  vertebral  theory  of  the  skull, 

ii.  251  ;  BUder  aus  dem  Thierlebeu,' 

323;    407;    '  Physiologische    Briefe,' 

469;  503. 
Volkmann,  W.,   psychologist,   ii.   494, 

497. 

Volney.  history  of  the  ^cole  normale, 
i.  112. 

Volta,  electric  pile,  i.  83,  ii.  104  ;  dis- 
coveries of,  i.  363,  ii.  150  ;  animal 
electricity,  475. 

Voltaire  imported  new  ideas  into  France 
from  England,  i.  16  ;  century  of,  59  ; 
reflects  the  thought  of  the  eighteenth 
century,  61  ;  an  essayist  and  man  of 
the  world,  93  ;  popularised  the  ideas 
of  Newton,  96  ;  importance  in  French 
literature  of,  105;  on  the  progress  of 
the  philosophical  spirit   in    France, 
ib. ;     influenced     by    Newton     and 
Descartes,    106;    constructive    work 
influenced  by,  110  ;  philosophical  and 
philanthropic  influence  of,  111 ;  123  ; 
'  Siecle  de  Louis  XIV.,'  135  ;    142  ; 
'  Elemens  de  la  Philosophic  de  New- 
ton,' 144  ;    '  Lettres  sur  les  Anglais,' 
ib.  :  created  Newtonianism,  250  ;  cor- 
respondence   of,    279  ;    the  cure    of 
smallpox,   284;   quoted  on  the  Car- 
tesian and  Newtonian  philosophies, 
340,  ii.  324. 
Vortex,  motion,  i.  199,  ii.  35 ;  earlier 
researches,  61 ;  filaments,  ib.  ;  theory 
developed     in    England,    62;     ring 
theory,    difficulties    of,    64 ;     atom 
theory,  Helmholtz  and  Thomson,  57, 

66. 
Voss,   A.,    on  principles    of   calculus, 

quoted,  ii,  706. 
Voss,  J.  H.,  hexameters,  i.  213. 


Vries,   de,  labours  of,  ii.  165;  "muta- 
tion," 364. 

Waage,   Guldburg  and  law    of   mass- 
action,  ii.  157  ;  ideas  of  BerthoUet, 

177. 
Waals,  von  der,  researches  of,  li.  164. 
Wagner,  A.,  on  freewill,  ii.  584. 
Wagner,   Rudolf,    'Physiological    Let- 
ters,' ii.  323  ;    '  Handworterbuch  der 
Physiologie,'  401,   501 ;    controversy 
with  Karl  Vogt,  469. 
Waitz,  psychology,  ii.  497,  530. 
Wald,  F. ,   '  Die  Energie  und  ihre  Ent- 

werthung,'  ii.  169. 
Wallace,  Alfred  Russell,  i.  179  ;  '  Intro- 
duction of  New  Species,'  310;  ii. 
327,  329  ;  *  Darwinism,'  330,  330  ; 
"Struggle  for  Existence,"  332,  334; 
Darwin,  341  ;  sexual  selection,  343 ; 
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ii.  372  ;  idioplasma  theory,  448,  611  ; 
on  heredity,  450 ;  on  pangenesis,  455 ; 
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251  ;  268 ;   the   study  of  functions, 
269  ;  318  ;  Bridgewater  Treatise,  325, 
327 ;  Bacon's  "method  of  instances," 
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Wigand,    A.,    Darwin,    Newton,    and 

Cuvier  compared,  ii.  341. 
WUberforce,  William,  associated   with 
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157. 

William  the  Conqueror,  ii.  5!)5. 

Williamson,  chemical  researches  of,  i. 
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Willoughby  and  Ray,  botanical  travels 
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ii.  440;  i.  188;  194,  200;  services 
to  chemistry,  208;  "vital  force," 
218;  discovery  of  "isomerism,"  406  ; 
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a  friend  of  Wm.  Pearson,  289. 
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theories,  ii.  282. 

Wunderlich,  medical  thermometry,  ii. 
389. 

Wundt,  Wilh.,  Fechner's  work  continued 
by,  i.  200 ;  220 ;  animal  electricity. 
ii.  475;  physiognomy,  477  ;  'Physio- 
logische  Psychologie,'  479,  490,  .'ilH, 
520,  521 ;  "  specific  energies,"  4S3  ; 
influence  of  Herbart,  494  ;  497,  .^)0S, 
510,  512  ;  '  System  der  Philosophie," 
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517  ;  psychology,  525  ;  526. 

Wurtz,  A.,  quoted,  i.  114  ;  '  La  Th/orie 
atomique'  quoted,  394,  421,  427. 
429  ;  on  Dalton,  398  ;  413. 
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not  a  member  of  a  university    238 
272 ;    and  Fresnel,  241 ;   inadequate 
appreciation  of,  243,  244,  277  •  246  • 

o?o^"o®i.  **    ^^^    ^«yal    Institution,' 
•  '  ?^i '  Recognition  of,  by  French 
scientists,  250;    quoted  on  universi- 
ties,  261;    not  connected   with    the 
Mathematical  School  of  Cambridge 
266 ;  294 ;  dynamical  view  of  light' 
3/0  ;  revival  of  kinetic  view  of  nature' 
11.  8  ;  Euler's  ether  theory,  9  ;  '  Out- 
lines of  Experiments   and   Inquiries 
respecting    Sound    and    Light  '    16  • 
quoted,  lb.,  20  ;  interference  of  light' 
18;    accuracy    of   Newton's    experi- 
ments, 19;  methods  of  Laplace,  20  • 
..^"terference,"    21;   polarisation   of 
light,  22 ;  rejects  projectile  theory  of 
light,  lb./  quoted  on  Malus's  discovery 
ot  polarisation  of  light  by  reflection, 

^^  '0,°^®""°^^  °^'   26;    'Works' 
quoted,  27 ;  transverse  vibrations  of 
light,    28;    futUity    of   astronomical 
view  of  nature,  28 ;    theory  of  elas- 
ticity, 30 ;  theory  of  capillarity,  33  • 
nature  of  the  ether,  40,  43 ;  analogy 
of  optical  and  acoustical  phenomena 
50;      'luminiferous    ether,"  69,   70,' 
89 ;    'elastic  medium  "  in  space,  84  ' 
referred  to,  86,  91,  95 ;  first  used  the 
term    '.energy,"  98,    115;   his  work 
tlieoretical,  99 ;   value  of  one  horse- 
power,  99;    'Lectures,'  102;  theory 


So'  34l'1i4."?see^^^  M^'^^^y' 
Lockverl\«i.  '  r^  ?^^  Norman 
i^ocKyer),  361 ;   colour  theory,  480  • 

'Essay  on  Music,' 489.  ' 

Zach  von    '  Monatliche  Correspondenz,' 
L     \       '  ^^^*  international  oreaL 
for  astronomical   observations    167 
astronomical  achievements,  176  •  bio- 
graphical, 177  ;  182;  422.  ' 

^'p'^^^",V.    162;    'Philosophic    der 

Griechen,'  li.  3,  207  ;  quotedf  286 
Zeno,    unity  of    all   e^dstence',!;   3; 

Zeuner,  the  steam-engine,  ii.  133 ;  con- 

Saktfcs,56f    ^^^--'175;    185; 
Ziegler'  Doctrine  of  Descent,'  ii.  349. 
Zittd,  A.  von,  '  Gesch.  der  Geologie,'  ii. 

Zollner,  F.,  historical  and  controversial 

Matrf'Mi    \^l''    Poggendorf   and 
Mayers  MS.,  114 ;   speculations  of, 

lu4'en,'Tl6.'''''^^    ^''^'     '^^^^°^' 
Zschokke,  H..  'educational  influence  of 

m  Germany,  i.  257. 
Zwingli,  educational  work  of,  i.  255. 
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